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Abstract

Background: Early studies during the COVID‐19 pandemic suggested dental occu-

pations were among the highest risk for exposure to SARs‐CoV‐2 because of mul-

tiple factors increasing exposure, including close proximity to unmasked patients and

performance of aerosol‐generating procedures. However, to date, few studies have

investigated COVID‐19 deaths in United States dental occupations, and compared

COVID‐19 deaths among healthcare occupations.

Methods: We analyzed 2020 mortality data collected by the National Center for

Health Statistics' National Vital Statistics System. Multivariable logistic regression

was used to generate odds ratios (ORs) and 95% confidence intervals for COVID‐19

as the underlying cause of death in relation to occupation in working‐age decedents

(≤65 years), after adjusting for age, sex, race/ethnicity, education, and medical

conditions associated with severe COVID‐19.

Results: Dental occupations did not have significantly higher risk for COVID‐19

death when compared to all other occupations combined. Among healthcare occu-

pations with frequent, direct patient‐ or client interactions, LPNs and LVNs, and

speech and language pathologists had significantly elevated adjusted ORs for

COVID‐19 death when compared to dentists, dental hygienists, or dental assistants.

Similarly, nurse practitioners had significantly higher ORs for COVID‐19 mortality

than dentists or dental hygienists, and approached significance when compared to

dental assistants. Conversely, massage therapists and other health diagnosing and

treating practitioners had significantly lower adjusted ORs for COVID‐19 death

compared with dental occupations.

Conclusion: Our study highlights potential differences in work‐related transmission

of SARs‐CoV‐2 and subsequent COVID‐19 deaths in healthcare occupations, and

furthers a previously limited understanding of COVID‐19 deaths in healthcare

occupations in 2020, before COVID‐19 vaccine availability. Our results indicate that

dental occupations were not among the highest, nor lowest risk, healthcare occu-

pations for COVID‐19 deaths in 2020, despite their known risks of direct exposure.

K E YWORD S

COVID‐19, COVID‐19 mortality, dental occupations, healthcare occupations

Am J Ind Med. 2024;67:920–932.wileyonlinelibrary.com/journal/ajim920 | © 2024 Wiley Periodicals LLC.

http://orcid.org/0000-0002-9230-0857
mailto:ygd2@cdc.gov
https://wileyonlinelibrary.com/journal/ajim
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fajim.23645&domain=pdf&date_stamp=2024-08-09


1 | INTRODUCTION

Previous studies during the COVID‐19 pandemic suggested healthcare

personnel were at increased risk for exposure to SARs‐CoV‐2, the

virus that causes coronavirus disease 2019 (COVID‐19),1–3 and sub-

sequent death from COVID‐19.4 Although dental personnel make up a

small proportion of healthcare personnel, dental occupations were

previously identified as among occupations with the highest risk for

exposure to SARs‐CoV‐2 because of several unique factors including

inability of patients to mask during dental procedures, close proximity

to patients' nasal and oral regions, and dental procedures that generate

aerosols during routine dental practice.2,5 Studies by Singhal et al. and

Zhang in 2021 both identified dental occupations as those at the

highest risk for exposure to disease or infection and concluded that

dental personnel have a higher risk of exposure to SARS‐CoV‐2 and

COVID‐19 compared to other occupations.2,5 Despite dental person-

nel being identified as higher risk for exposure to SARs‐CoV‐2 and

subsequent COVID‐19 infection, to the authors' knowledge, no pre-

vious study has evaluated differences in COVID‐19 deaths among

dental occupations and other occupations in 2020.

Our objectives were to use United States decedent data from

2020 to assess (1) COVID‐19 deaths among dental occupations and

(2) differences in COVID‐19 deaths between (a) dental occupations

and all other occupations combined and (b) dental occupations and

other healthcare occupations. We utilized COVID‐19 as the under-

lying cause of death to assess COVID‐19 deaths among United States

working‐age decedents with dental occupations in 2020. We report

odds ratios (ORs) for COVID‐19 deaths after adjusting for age, sex,

race/ethnicity, education, and medical conditions associated with

severe COVID‐19 as recorded by the National Center for Health

Statistics' (NCHS) National Vital Statistics System (NVSS).

2 | METHODS

2.1 | Study population

We limited our mortality analyses to 2020 to keep to a time period

before widespread availability of COVID‐19 vaccines to the United

States population because vaccination status affects mortality from

COVID‐19. We utilized publicly available mortality data from NVSS

for all analyses. NVSS data includes death certificate information for

all reported decedents in the United States annually. NVSS obtains

death certificate information from the registration offices in all 50

states, NewYork City, the District of Columbia, and the United States

territories.6 Death certificates are completed by physicians, coroners,

medical examiners, and funeral directors, and are filed with state vital

statistics offices that transmit the files to NCHS' NVSS; more than

99% of deaths occurring in the United States are believed to be

registered.6 NIOSH and NVSS collaborate to code the industry and

occupation data obtained from death certificates. Industry and

occupation were collected from 46 states in 2020; four states (Iowa,

Arizona, North Carolina, and Rhode Island) and the District of

Columbia either had data that were inconsistent with other states'

data due to differences in data collection or did not participate in the

program in 2020.7 Industry and occupation codes are derived from

the decedent's usual occupation and kind of business/industry

described on the death certificate. “Usual occupation” is obtained as

the occupation the person did for most of his or her working life.7 We

restricted our data to working‐age decedents ranging in age from 16

to 65 years old and occupations outside the home. We excluded

decedents who (1) had any of the following occupations: own

home/homemaker; volunteer, not for pay; retired; student attending

a high school or college; cannot work, never worked, disabled, patient

or inmate; unknown, refused, don't know, or missing; or (2) had any of

the following industries: retired; housewife, volunteer, student, can-

not work, never worked, disabled, patient or inmate; unknown,

refused, don't know, or missing. This activity was reviewed by CDC,

deemed research not involving human subjects, and was conducted

consistent with applicable federal law and CDC policy.

2.2 | Demographic and COVID‐19 variables

Demographic and COVID‐19 variables included in our univariable

and multivariable models included age, sex, race/ethnicity, education,

and medical conditions associated with severe COVID‐19. COVID‐19

death was defined as COVID‐19 as the underlying cause of death

(ICD‐10 code U07.1). Alternatively, COVID‐19 death defined more

broadly as COVID‐19 listed anywhere on the death certificate was

also included in a separate, sensitivity analysis. COVID‐19 listed

anywhere on the death certificate was defined as COVID‐19 listed as

(1) the underlying cause of death (that which initiated the chain of

events that resulted in death), or (2) as a contributing factor. Age was

categorized into the following groups: 16–24 (referent), 25–34,

35–44, 45–54, and 55–65. Education was categorized into the fol-

lowing groups: less than high school, some high school or completed

high school, some college, completed college, completed graduate or

professional degrees (referent), and unknown. Sex was categorized as

male or female (referent). Race and ethnicity were categorized as

Hispanic, Non‐Hispanic White (referent), Non‐Hispanic American

Indian Alaskan Native (AIAN), Non‐Hispanic Asian, Non‐Hispanic

Black, Non‐Hispanic Multiple Race, Non‐Hispanic Native Hawaiian or

Other Pacific Islander (NHOPI), and unknown race and ethnicity.

Medical conditions associated with a higher risk for severe

COVID‐19 included 31 conditions, listed anywhere on the death

certificate (obtained from record‐axis codes for each decedent; see

Supporting Information S1: Table S1).8

2.3 | Occupational variables

Occupations were coded using 2010 Census Occupation Codes.

Dental occupations included dentists, dental hygienists, and dental

assistants. Other healthcare occupations included (1) chiropractors;

(2) clinical laboratory technologists and technicians; (3) diagnostic
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related technologists and technicians; (4) dietitians and nutritionists;

(5) emergency medical technicians (EMTs) and paramedics; (6) health

diagnosing and treating practitioners (all other); (7) health practitioner

support technologists and technicians; (8) healthcare support workers

(all other), including medical equipment preparers; (9) licensed prac-

tical and licensed vocational nurses (LPNs and LVNs); (10) massage

therapists; (11) medical assistants; (12) medical records and health

information technicians; (13) medical transcriptionists; (14) miscella-

neous health technologists and technicians; (15) nurse anesthetists;

(16) nurse practitioners (NPs); (17) nursing, psychiatric, and home

health aides; (18) occupational therapists (OTs); (19) OT assistants

and aides; (20) opticians, dispensing; (21) optometrists; (22) other

healthcare practitioners and technical occupations, including audiol-

ogists and podiatrists; (23) pharmacists; (24) pharmacy aides; (25)

phlebotomists; (26) physical therapists (PTs) and exercise physiolo-

gists; (27) physical therapy (PT) assistants and aides; (28) physician

assistants (PAs); (29) physicians and surgeons; (30) radiation thera-

pists; (31) recreational therapists; (32) registered nurses and nurse

midwives; (33) respiratory therapists; (34) speech‐language patholo-

gists (SLPs); (35) therapists (all other); (36) veterinarians; and (37)

veterinary assistants and laboratory animal caretakers. Healthcare

occupations were grouped in results as healthcare practitioner;

healthcare support; and healthcare therapists, technicians, and other

specialists using the United States Bureau of Labor Statistics group-

ings for healthcare occupations.9

2.4 | Statistical methods

All analyses for demographic and COVID‐19 data were conducted in

SAS version 9.4 (SAS Institute Inc.) and R (version 1.4.1106, R

Foundation for Statistical Computing). Univariable model analyses

were conducted to analyze associations between COVID‐19 as un-

derlying cause of death (COVID‐19 mortality) and usual occupation,

age, sex, race/ethnicity, education, and medical conditions listed on

the death certificate associated with higher risk for severe COVID‐

19.8 Multivariable logistic regression was utilized to generate

adjusted odds ratios (ORs) and 95% CIs for COVID‐19 deaths in

relation to occupational group, after adjusting for sex, age, race/

ethnicity, education, and medical conditions associated with higher

risk for severe COVID‐19. Logistic models were run to compare (1)

each dental occupation with all other occupations combined, and (2)

each dental occupation with each healthcare occupation. The

adjusted ORs were used to assess COVID‐19 deaths by estimating

the odds for COVID‐19 as the underlying cause of death among an

occupation relative to the odds for COVID‐19 as the underlying

cause of death among the referent occupation. In all models, dental

occupations were dentist, dental hygienist, and dental assistant. In

the model comparing each dental occupation with all other occupa-

tions combined, all other occupations combined was the reference

group. In the three models comparing each of the dental occupations

with all other individual healthcare occupations, the dental occupa-

tion (dentist, dental hygienist, or dental assistant) was selected as the

reference group for ease of comparing each dental occupation with

other healthcare occupations.

3 | RESULTS

3.1 | Demographics by occupational group

Decedent demographics by occupational group can be seen in

Tables 1a–c. Among the 3,390,278 decedent records available in the

NVSS mortality data for 2020, 636,036 met inclusion criteria of 16 to

65 years old at time of death with a usual occupation outside the

home. Healthcare occupations were reported for 42,849 (6.7%)

decedents. There were 317 dentists, 307 dental hygienists, and 754

dental assistants (Tables 1a and 1b). Twenty‐four percent of dentists,

97% of dental hygienists, and 94% of dental assistants were female

(Tables 1a and 1b). The median and age range for dentists was 60

(range: 23–65) (Table 1a), dental hygienists was 57 (range: 25–65),

and dental assistants was 54 (19–65) (Table 1b).

3.2 | COVID‐19 death by demographic factors

Univariable model estimates of ORs and 95% confidence intervals for

demographic factors (age, education, race/ethnicity, and medical

conditions listed on the death certificate) across all working age

decedents are reported in Supporting Information S1: Table S1. ORs

for COVID‐19 death increased with increasing age category. All age

groups had significantly higher ORs for COVID‐19 death when

compared with the youngest referent age category (16–24). Dece-

dents with less than high school or completed college education

levels had significantly higher ORs for COVID‐19 death when com-

pared with the highest education referent category (completed

graduate or professional degrees). All race and ethnicity categories

except the Non–Hispanic Multiple Race category had significantly

elevated ORs for COVID‐19 death when compared with the referent

Non–Hispanic White category. Male sex had a significantly elevated

OR for COVID‐19 death compared with female sex. Among medical

conditions, asthma, chronic kidney disease, dementia, diabetes mel-

litus (types 1 and 2), primary immunodeficiencies, interstitial lung

disease, obesity, and pulmonary embolism were associated with sig-

nificantly elevated ORs for COVID‐19 death (Supporting Information

S1: Table S1).

3.3 | COVID‐19 death (COVID‐19 as underlying
cause of death) by occupational group

COVID‐19 death by occupational group can be seen in Tables 1a–1c.

Among working‐age decedents, the following healthcare occupations

had greater than 10% of decedents with COVID‐19 as the underlying

cause of death: LPNs and LVNs (11.0%); NPs (11.1%); miscellaneous

health technicians (11.0%); nursing, psychiatric, and home health
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aides (10.4%); OT assistants and aides (11.7%), pharmacists (10.8%);

PTs and exercise physiologists (11.9%); and recreational therapists

(16.7%). Among dental occupations, 9.1% of dentists (n = 29), 3.3% of

dental hygienists (n = 10), and 6.9% of dental assistants (n = 52) had

COVID‐19 as the underlying cause of death (Tables 1a and 1b).

Adjusted ORs for COVID‐19 death among dentists, dental

hygienists, and dental assistants were not significantly different from

all other occupations combined (dentists, p = 0.58; dental hygienists,

p = 0.19; dental assistants, p = 0.61) (Table 2), after adjusting for age,

sex, race/ethnicity, education, and medical conditions.

Among healthcare occupations, health diagnosing and treating

practitioners (all other) and massage therapists had significantly lower

adjusted ORs (p < 0.05) for COVID‐19 death when compared with

dentists (Figure 1) and dental assistants (Supporting Information S1:

Figure S1). No healthcare occupations had significantly lower

adjusted ORs for COVID‐19 death when compared with dental

hygienists; however, health diagnosing and treating practitioners had

a lower adjusted OR (less than 1.0) and approached significance

(p = 0.053) when compared with dental hygienists (Supporting

Information S1: Figure S2).

Several healthcare occupations had significantly higher adjusted

ORs for COVID‐19 death when compared with dentists, dental

hygienists, or dental assistants and included EMTs and paramedics,

LPNs and LVNs, NPs, PTs and exercise physiologists, PT assistants

and aides, recreational therapists, and SLPs. NPs had significantly

higher adjusted ORs for COVID‐19 death than dentists (Figure 1) and

dental hygienists (Supporting Information S1: Figure S2), and the

elevated adjusted OR for COVID‐19 death among NPs also

approached significance when compared with dental assistants

(p = 0.11; Supporting Information S1: Figure S1). Multiple additional

healthcare occupations had significantly higher adjusted ORs for

COVID‐19 death when compared to dental hygienists and included

EMTs and paramedics, PTs and exercise physiologists, PT assistants

and aides, and recreational therapists (Supporting Information S1:

Figure S2).

3.4 | Sensitivity analyses (COVID‐19 listed
anywhere on the death certificate)

Results were similar in our sensitivity analyses of models with

COVID‐19 death more broadly defined as COVID‐19 being listed

anywhere on the death certificate. In our sensitivity analyses, using

the broad definition of COVID‐19 listed anywhere on the death

certificate increased the number of COVID‐19 decedents by two to

four decedents for the dental occupations (Supporting Information

S1: Table SII). Similar to results from the more narrow definition of

COVID‐19 as the underlying cause of death, no significant differ-

ences in adjusted ORs for COVID‐19 listed anywhere in the death

certificate were observed between dental occupations and all other

occupations combined (dentist, p = 0.33; dental hygienist, p = 0.25;

dental assistant, p = 0.65; Supporting Information S1: Table SIII).
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healthcare occupations using either of the two definitions of

COVID‐19 death were similar. Health diagnosing and treating prac-

titioners (all other), and massage therapists had significantly lower

adjusted ORs for COVID‐19 death, using either the narrow or broad

definition for COVID‐19 mortality, when compared with dentists or

dental assistants (Supporting Information S1: Figures 1 and 2,

Table SIV). LPNs and LVNs had significantly elevated adjusted ORs

for COVID‐19 death using either the narrow or broad definition

when compared with any of the dental occupations. Similar to results

for COVID‐19 as the underlying cause of death, SLPs had signifi-

cantly elevated adjusted ORs for COVID‐19 being listed anywhere on

a death certificate when compared with dental hygienists, and

approached significance when compared with dentists and dental

assistants (p = 0.06 and p = 0.07, respectively; Supporting Information

S1: Table SIV). Additionally, multiple other healthcare occupations

also had significantly elevated adjusted ORs for COVID‐19 death

(using either the narrow or broad definition for COVID‐19 mortality),

when compared with dental hygienists and included EMTs and

paramedics, PTs and exercise physiologists, and PT assistants and

aides (Supporting Information S1: Table SIV).

4 | DISCUSSION

A previous study using the same NVSS mortality data set from 2020

assessed COVID‐19 death by usual occupation and observed that

healthcare support and healthcare practitioners and technical occu-

pations had higher proportionate mortality ratios (PMRs) than all

other occupations combined; however, the authors did not report

PMRs for individual healthcare occupations.4 After adjusting for

factors that are known to contribute to more severe outcomes from

COVID‐19, including age, sex, race/ethnicity, and medical conditions

associated with higher risk for severe outcomes from COVID‐19, we

observed that COVID‐19 deaths in 2020 varied by individual

healthcare occupation.

Despite dental occupations having been previously identified as

among the top occupations for risk of exposure to SARS‐CoV‐2,2,5

we did not observe dental occupation decedents as having the

highest proportion of COVID‐19 deaths or significantly elevated

adjusted ORs for COVID‐19 death when compared with all other

occupations combined. Multiple healthcare occupations had

COVID‐19 as the underlying cause of death listed for greater than

10% of decedents, and included: LPNs and LVNs; NPs; miscellaneous

health technologists and technicians; nursing, psychiatric, and home

health aides; OT assistants and aides; pharmacists; PTs and exercise

physiologists; and recreational therapists. In comparison, 9.1% of

dentist, 6.9% of dental assistant, and 3.3% of dental hygienist

decedents were listed with COVID‐19 as the underlying cause of

death. Additionally, we observed that dental occupations were not

among the top healthcare occupations for COVID‐19 deaths. After

accounting for factors that are known to contribute to more severe

outcomes from COVID‐19, several individual healthcare occupations

were identified as having significantly elevated adjusted ORs forT
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COVID‐19 death when compared with dentists, dental hygienists, or

dental assistants. LPNs and LVNs, and SLPs, had significantly ele-

vated adjusted ORs relative to dentists, dental hygienists, or dental

assistants for COVID‐19 death. Additionally, NPs had significantly

elevated adjusted ORs for COVID‐19 death relative to dentists and

dental hygienists.

Dental hygienist decedents were among occupations with some

of the lowest proportion of COVID‐19 deaths, with only 3.3% of

dental hygienist decedents with COVID‐19 as the underlying cause

of death. Our results align with previous studies that have reported

low prevalence of COVID‐19 infection among dental hygienists in

2020.10,11 One factor potentially contributing to lower SARs‐CoV‐2

infection and subsequent COVID‐19 deaths among hygienists is the

early infection control recommendations by the American Dental

Association and the United States Centers for Disease Control and

Prevention in April and May of 2020 which included the recom-

mendation to use hand scaling when cleaning teeth rather than

performing aerosol generating procedures (AGPs) with ultrasonic

scalers, as a means to minimize aerosols.12–14 The ability to defer

AGPs with ultrasonic scalers could have contributed to lower SARs‐

CoV‐2 infection risk and subsequent mortality among hygienists. In

our study, multiple additional healthcare occupations (EMTs and

paramedics, PTs and exercise physiologists, PT assistants and aides,

and recreational therapists) had significantly elevated adjusted ORs

for COVID‐19 death when compared with dental hygienists, but not

dentists and dental assistants. This difference within dental occupa-

tions is notable because dentists and dental assistants likely were not

able to defer AGPs as often as hygienists were, given few low‐ or no‐

aerosol alternatives for dental procedures that require use of the

high‐speed handpiece; however, to our knowledge, no previous

studies have assessed differences in frequency of AGPs performed by

dentists, dental hygienists, or assisted by assistants in 2020, making it

difficult to directly assess the role of AGPs, and their deferral, in the

lower proportion and adjusted ORs for COVID‐19 death among

hygienists.

Exposure controls utilized by dental personnel could also

potentially be contributing to lower ORs for COVID‐19 death when

compared with other healthcare occupations, despite dental per-

sonnel's close proximity to patient's oral pharyngeal region and fre-

quently performed AGPs. Unlike healthcare occupations that must

care for ill or seriously ill patients, dental occupations can screen and

defer patient care with symptomatic patients, thus minimizingT
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TABLE 2 Adjusted estimates of ORs for COVID‐19 as the
underlying cause of death among dentists, dental hygienists, and
dental assistants versus all other occupations combined.

Occupation OR 95% CI p‐value

Dentists 1.12 0.74–1.70 0.58

Dental hygienists 0.64 0.33–1.24 0.19

Dental assistants 1.08 0.80–1.47 0.61
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potential exposure to SARS‐CoV‐2. A previous study of infection

control practices among United States dentists in 2020 observed that

greater than 97% of dentist respondents reported screening patients

for symptoms and checking patients' temperatures with a ther-

mometer before treatment.15 Additionally, dental personnel can uti-

lize source controls such as high‐volume evacuation (HVE) during

AGPs which can remove aerosols at the source and has shown

promise in lowering aerosols generated during AGPs.16,17 HVE is

commonly utilized by dental personnel during dental procedures that

can generate aerosols to remove water generated by the high‐speed

handpiece and saliva generated by the patient during dental proce-

dures. Use of HVE during AGPs could be contributing to lower

adjusted ORs for COVID‐19 death among dental occupations when

compared with other healthcare occupations who might not have

similarly effective source controls available to them during AGPs they

might encounter. However, further study is needed to better

understand ventilation source controls' effect on healthcare per-

sonnel's exposure to potentially infectious aerosol during AGPs.

Additional studies are needed to evaluate (1) frequency of use of

ventilation source controls and (2) potential differences in efficiency

and of source controls available to different healthcare occupations

to minimize aerosols generated during AGPs.

Although dental occupations were not among the occupations

with the highest proportion for COVID‐19 as the underlying cause of

death and highest adjusted ORs for COVID‐19 death, they were not

among the lowest either. Our observation of two other healthcare

occupations with direct patient‐care duties or direct client interac-

tions, specifically health diagnosing and treating practitioners

(all other), and massage therapists, having lower adjusted ORs for

COVID‐19 death than dentists and dental assistants aligns with

studies from early in the pandemic that highlighted dental personnel

as high risk for exposure to SARs‐CoV‐2 given their close proximity

to patients, inability of patients to wear a mask during procedures,

and frequently performed AGPs.2,5 Multiple factors could be con-

tributing to the elevated COVID‐19 death among dentists and dental

assistants relative to these other occupations. Infection control

guidance early in the pandemic encouraged dentists to minimize the

occurrence of AGPs in dental settings; however, a previous study of

dental practices early in the pandemic observed a majority of dentists

reported they had provided emergency oral health care (91.1%) and

F IGURE 1 Adjusted ORs for COVID‐19 as underlying cause of death by healthcare occupation with dentists as the referent category
(indicated by the dashed line).
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elective oral health care (80.1%) as of June 2020.15 Additionally, a

majority of dentists who had provided elective oral health

(92.8%–97.3%) reported they had performed AGPs indicating that

AGPs were still commonly encountered in dental practice even early

in the pandemic when guidance recommended minimizing AGPs.15,18

Further, infection control guidance for dental personnel providing

oral health care during the pandemic recommended using an N95 or

equivalent mask and basic clinical PPE when performing AGPs with

asymptomatic patients; however, this was only reported as always

being worn by a little over half of dentists who reported performing

AGPs.18 N95 respirators were limited early in the pandemic and a

limited supply of N95 respirators could have contributed to lower

compliance with N95 respirator use during AGPs. The inability to

completely eliminate AGPs, combined with limited supplies of higher‐

level PPE could have contributed to several other healthcare occu-

pations including those with direct patient‐care duties such as health

diagnosing and treating practitioners (all other) and direct client in-

teractions, such as massage therapists, having lower adjusted ORs for

COVID‐19 death relative to dentists and dental assistants.

Among healthcare occupations with significantly elevated

adjusted ORs for COVID‐19 death when compared with dentists and

dental hygienists, LPNs and LVNs, and NPs are occupations with

duties that include providing basic nursing and first aid care, and they

often provide care to ill or critically ill patients. Our observation of

nursing occupations such as LPNs, LVNs, and NPs having elevated

adjusted ORs for COVID‐19 death aligns with previous studies of

COVID‐19 infection risk among healthcare occupations in 2020.

Previous studies observed nursing occupations to have higher prev-

alence of COVID‐19 infection or seroprevalence in 2020.19,20 Oda

et al. discuss how high‐risk job duties of nursing staff, such as ex-

tended close physical contact with patients, AGPs, and interactions

with patients who may be extremely ill and infectious, potentially

contributed to nursing occupations' higher occupational risk of

COVID‐19 infection.20 Increased proximity to and frequency of

interaction with ill patients potentially contributed to multiple nursing

occupations having elevated adjusted ORs for COVID‐19 death and

could potentially explain why LPNs and LVNs, and NPs had signifi-

cantly elevated adjusted ORs for COVID‐19 death when compared

with dentists and dental hygienists.

SLPs also had significantly elevated adjusted ORs for COVID‐19

death when compared with dentists, dental assistants, or dental

hygienists. SLPs also have frequent, direct contact with patients, and

can perform procedures with patients that generate aerosols including

assessments for dysphagia, instrumental assessment of voice via en-

doscopy, assessment and management of laryngectomy, assessment

and management of tracheostomies, and noninvasive ventilation.21

Kearney et al. administered a survey to SLPs in the United States and

Canada from May–June 2020, including SLPs who were likely to

perform AGPs. Among the SLPs they surveyed, 90% reported con-

tinuing to perform endoscopy procedures in May–June of 2020, albeit

often at lower frequency than before the COVID‐19 pandemic began.

Despite performing procedures that can generate aerosols, few studies

to date assessed occupational risk for SARs‐CoV‐2 infection among

SLPs specifically. Eyre et al. assessed occupational risks of SARs‐CoV‐2

to healthcare workers in 2020 and observed that the occupational

group including SLPs (physical, occupational, and speech language

therapists) were among the top two healthcare occupational groups

for highest COVID‐19 infection rates.22 In contrast, another study by

Barrett et al. assessed SARs‐CoV‐2 infections among 3,904 hospital

workers in New Jersey in 2020 and they reported lower SARs‐CoV‐2

infections among the therapist occupational group (7.1% among

physical, occupational, and speech therapists). However, these results

are difficult to interpret for SLPs specifically, because SLPs were

combined with other therapists in their analyses. In our study, SLPs

had significantly elevated adjusted ORs for COVID‐19 death when

compared with dental occupations, and had similar adjusted ORs for

COVID‐19 death to other occupations with direct patient‐care tasks

such as LVNs and LPNs, and NPs.

Additional healthcare occupations with significantly elevated

adjusted ORs for COVID death when compared with dental hygien-

ists specifically included EMTs and paramedics, PTs and exercise

physiologists, PT assistants and aides, and recreational therapists.

Elevated adjusted ORs for COVID‐19 death observed among PT

occupations when compared with dental hygienists aligns with pre-

vious studies of seroprevalence for SARs‐CoV‐2 infection among

healthcare workers in 2020. Akinbami et al. reported that PTs were

among the top two healthcare occupations with highest sero-

prevalence for SARs‐CoV‐2 infection among healthcare, first

response and public safety personnel tested in Michigan in May–June

2020.23 Similarly, the elevated adjusted ORs for COVID‐19 death

observed among EMTs and paramedics when compared with dental

hygienists aligns with previous studies that evaluated seroprevalence

for SARs‐CoV‐2 infections among healthcare workers in Minnesota

in 2020–202124 and first responders and public safety personnel in

New York City in 2020.25 Wiggen et al. reported that relative to

physicians, EMTs and paramedics had significantly higher ORs for a

seropositive sample.24 Similarly, Sami et al. observed that among first

responders and public safety personnel, EMTs and paramedics were

among the top two occupations for highest SARs‐CoV‐2 infection

prevalence.25 EMTs and paramedics often perform emergency care

including procedures with high risk for exposure such as airway

management in relatively small, variably ventilated spaces such as

ambulances.26 Ventilation of indoor spaces is considered an impor-

tant determinant in the transmission of SARs‐CoV‐2 and, in combi-

nation with AGPs performed by EMTs and paramedics, could be a

factor contributing to the higher seroprevalence reported for EMTs

and paramedics in previous studies, and elevated adjusted ORs for

COVID‐19 death observed among EMTs and paramedics when

compared with dental hygienists in our study.

Our study is subject to several limitations. First, COVID‐19 death

estimates here combine the risk of both COVID‐19 infection and

death from COVID‐19, making it difficult to infer conclusions about

independent risk for infection at work and subsequent death. Addi-

tionally, we relied on death certificate data when adjusting for

potential confounders that have previously been associated with

higher risk for COVID‐19 infection and mortality, such as race and
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ethnicity and education.27,28 However, we were not able to account

for other factors associated with higher risk for COVID‐19 infection

and subsequent death not listed on the death certificate, including

nonoccupational factors such as housing density or use of public

transportation. Second, we relied on the occupation and industry

information listed on the death certificate which is the usual

occupation and industry reported for the decedent. We sought to

minimize this limitation by restricting our analyses to working‐age

decedents (decedents 16 to 65 years). Third, there is the potential for

misclassification of causes of death on death certificates,29 and our

analysis of COVID‐19 deaths could have been affected if COVID‐19

was the underlying cause of death but was not reported as the

underlying cause of death and was listed elsewhere on the death

certificate. However, results from our sensitivity analyses were

consistent with our main analyses of COVID‐19 as the underlying

cause of death, indicating that any effect from this potential mis-

classification was small and did not substantially alter results for

COVID‐19 death. Additionally, we were limited to medical conditions

listed on the death certificate when adjusting for medical conditions

associated with severe COVID‐19. Lastly, some occupations had few

decedents with COVID‐19 listed as the underlying cause of death

and the small numbers in some occupations contributed to wider

confidence intervals and potentially limited our ability to detect sig-

nificant differences.

5 | CONCLUSION

Similar to previous studies, we observed that COVID‐19 deaths

varied by occupation in 2020. Our results highlight potential differ-

ences in work‐related COVID‐19 deaths among healthcare occupa-

tions in 2020. Multiple healthcare occupations with frequent, direct

patient‐ or client‐ interactions had significantly elevated adjusted

ORs for COVID‐19 death when compared with dentists, dental as-

sistants, or dental hygienists. Although dentists and dental assistants

were not among the top healthcare occupations for COVID‐19 death,

they were not among the lowest healthcare occupations for

COVID‐19 death either; two other healthcare occupations with fre-

quent, direct patient‐ or client‐ interactions had significantly lower

adjusted ORs for COVID‐19 death when compared with dentists and

dental assistants. Alternatively, no other healthcare occupation had

significantly lower adjusted ORs for COVID‐19 death when com-

pared to dental hygienists. Our results indicate that despite previous

studies identifying dental professions as among the top occupations

for exposure to SARs‐CoV‐2, there was no evidence that dental

occupations had the highest adjusted ORs for COVID‐19 death when

compared to other occupations, in 2020.
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