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Abstract

Background: We sought to evaluate the impact of changes in estimates of COVID-

19 vaccine effectiveness on the incidence of laboratory-confirmed infection among

frontline workers at high risk for SARS-CoV-2.

Methods: We analyzed data from a prospective frontline worker cohort to estimate

the incidence of COVID-19 by month as well as the association of COVID-19 vacci-

nation, occupation, demographics, physical distancing, and mask use with infection

risk. Participants completed baseline and quarterly surveys, and each week self-

collected mid-turbinate nasal swabs and reported symptoms.

Results: Among 1018 unvaccinated and 3531 fully vaccinated workers, the monthly

incidence of laboratory-confirmed SARS-CoV-2 infection in January 2021 was 13.9

(95% confidence interval [CI]: 10.4–17.4), declining to 0.5 (95% CI -0.4-1.4) per 1000

person-weeks in June. By September 2021, when the Delta variant predominated,
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incidence had once again risen to 13.6 (95% CI 7.8–19.4) per 1000 person-weeks. In

contrast, there was no reportable incidence among fully vaccinated participants at

the end of January 2021, and incidence remained low until September 2021 when it

rose modestly to 4.1 (95% CI 1.9–3.8) per 1000. Below average facemask use was

associated with a higher risk of infection for unvaccinated participants during expo-

sure to persons who may have COVID-19 and vaccinated participants during hours

in the community.

Conclusions: COVID-19 vaccination was significantly associated with a lower risk of

SARS-CoV-2 infection despite Delta variant predominance. Our data demonstrate

the added protective benefit of facemask use among both unvaccinated and vacci-

nated frontline workers.

K E YWORD S

essential worker, SARS-CoV-2, vaccine

1 | BACKGROUND

COVID-19 vaccines have shown >90% effectiveness in preventing

SARS-CoV-2 infection, but estimates of vaccine effectiveness

(VE) declined to 66% during B.1.617.2 (Delta) predominance.1–5

Changes in COVID-19 VE estimates associated with changes in

predominating variant virus circulation over time may have important

implications for infection risk in work and community settings. Partic-

ularly at increased risk of SARS-CoV-2 infection are frontline workers,

including healthcare personnel, first responders, and essential and

other frontline workers who provide direct care and services to the

public. Using data from the CDC HEROES-RECOVER Network, a pro-

spective frontline worker cohort, we examined changes in the

monthly incidence of COVID-19 by vaccination status, as well as the

association of additional factors of occupation, demographics, physical

distancing, and mask use with risk of infection. Here, we demonstrate

that COVID-19 vaccines dramatically reduced the risk of any SARS-

CoV-2 infection among vaccinated adults at high occupational risk of

exposure, and substantial protection continues to be evident despite

the high prevalence of the Delta variant during recent months.

2 | METHODS

The HEROES-RECOVER Network includes Arizona Healthcare, Emer-

gency Response, and Other Essential Workers Surveillance Study

(HEROES) conducted in Phoenix, Tucson, and other noncentrally

located areas in Arizona and Research on the Epidemiology of SARS-

CoV-2 in Essential Response Personnel (RECOVER) conducted in

Miami, Florida, Duluth, Minnesota, Portland, Oregon, Temple, Texas,

and Salt Lake City, Utah. Active surveillance is conducted with weekly

participant or medical record reports for COVID-19-like illness (CLI)

defined as ≥1 symptom of fever, chills, cough, shortness of breath,

sore throat, diarrhea, muscle aches, or change in smell or taste.6,7 As

rotating questions in weekly surveys, participants reported hours in

the past 7 days of direct contact (within 3 ft.) and associated percent-

age facemask use with people at work, in the community, or in any

setting who may have COVID-19. Hours of direct contact and percent

facemask use were summarized as monthly averages, and then each

week was categorized as above or below the corresponding monthly

average. Participants self-collected a mid-turbinate nasal swab each

week and at the onset of CLI for SARS-CoV-2 testing by reverse

transcription–polymerase chain reaction (RT-PCR) and genomic

sequencing, if positive. COVID-19 vaccinations were documented

through vaccine cards, electronic medical records, or state immuniza-

tion registries. Participants were considered fully vaccinated ≥14 days

after a second mRNA COVID-19 vaccine dose or a single Johnson &

Johnson’s Janssen vaccine dose; unvaccinated participants had no

COVID-19 vaccine receipt. Indeterminate vaccination status was

defined from one day following a COVID-19 vaccine dose until the

participant was fully vaccinated and was excluded from analysis. Par-

ticipants provided informed consent for study activities, and the study

protocol was reviewed and approved by institutional review boards at

all participating sites, including Abt Associates and CDC.

From January to September 2021, participants with no prior

SARS-CoV-2 infection contributed unvaccinated or fully vaccinated

person-time according to standard definitions until SARS-CoV-2

detection, study withdrawal, or the end of the study period. Monthly

unadjusted incidence was calculated as the number of infections rela-

tive to the observed person-weeks, and 95% Wald confidence inter-

vals were estimated. To examine factors associated with SARS-CoV-2

incidence during the entire observation period stratified by vaccina-

tion status, we used stratified Poisson generalized estimating equa-

tions to account for repeated measures.8 Each model had the factor

of interest as the independent variable, log weeks of exposure as an

offset, and participants repeating with an independent correlation

structure. Statistical significance was defined as a two-tailed p-

value < 0.05. A final model examined incidence by vaccination status,
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T AB L E 1 Characteristics of health care personnel, first responders, and other essential and frontline workers with reverse transcription–
polymerase chain reaction (RT-PCR)-confirmed SARS-CoV-2 infections and percentage receiving one or more doses of COVID vaccine—January–
September 2021

COVID-19 vaccination status

Characteristics

Total participants SARS-CoV-2 infections Unvaccinated
Fully

vaccinateda

No. Distribution (%) No. (%) P-value No. (%) No. (%) P-value

All participants 4549 257 (5.6) 1018 (22.4) 3531 (77.6)

Sociodemographic characteristics

Cohort location

Phoenix, AZ 519 (11.4) 42 (8.1) <0.0001 139 (26.8) 380 (73.2) <0.0001

Tucson, AZ 1320 (29.0) 52 (3.9) 378 (28.6) 942 (71.4)

Other areas in AZ 330 (7.3) 14 (4.2) 109 (33.0) 221 (67.0)

Miami, FL 407 (8.9) 44 (10.8) 162 (39.8) 245 (60.2)

Duluth, MN 544 (12.0) 18 (3.3) 30 (5.5) 514 (94.5)

Portland, OR 551 (12.1) 17 (3.1) 40 (7.3) 511 (92.7)

Temple, TX 329 (7.2) 31 (9.4) 59 (17.9) 270 (82.1)

Salt Lake City, UT 549 (12.1) 39 (7.1) 101 (18.4) 448 (81.6)

Sexb

Female 2810 (61.8) 139 (4.9) 0.0090 572 (20.4) 2238 (79.6) <0.0001

Male 1739 (38.2) 118 (6.8) 446 (25.6) 1293 (74.4)

Age (years)

18–49 3301 (72.6) 193 (5.8) 0.3490 803 (24.3) 2498 (75.7) <0.0001

≥50 1248 (27.4) 64 (5.1) 215 (17.2) 1033 (82.8)

Race

White 4295 (94.4) 249 (5.8) 0.0757 926 (21.6) 3369 (78.4) <0.0001

Other 254 (5.6) 8 (3.1) 92 (36.2) 162 (63.8)

Ethnicity

Hispanic/Latino 817 (18.0) 54 (6.6) 0.1895 282 (34.5) 535 (65.5) <0.0001

Other 3732 (82.0) 203 (5.4) 736 (19.7) 2996 (80.3)

Occupationc

Primary HCP 868 (19.1) 32 (3.7) <0.0001 56 (6.5) 812 (93.5) <0.0001

Nurses and other allied HCP 1450 (31.9) 69 (4.8) 251 (17.3) 1199 (82.7)

First responders 953 (20.9) 92 (9.7) 330 (34.6) 623 (65.4)

Essential and other frontline 1278 (28.1) 64 (5.0) 381 (29.8) 897 (70.2)

Chronic conditiond

None 3427 (75.3) 190 (5.5) 0.5905 808 (23.6) 2619 (76.4) 0.0008

1 or more 1122 (24.7) 67 (6.0) 210 (18.7) 912 (81.3)

Direct contact and facemask usee

Contact with COVID-19

Hours (n = 4477)f

Above monthly mean 1337 (29.8) 99 (7.4) 0.0009 345 (25.8) 992 (74.2) <0.0001

Below monthly mean 3140 (70.1) 154 (4.9) 624 (19.9) 2516 (80.1)

Percent facemask use (n = 4486)

Above monthly mean 3740 (83.4) 192 (5.1) 0.0010 746 (19.9) 2994 (80.1) <0.0001

Below monthly mean 746 (16.6) 61 (8.2) 228 (30.6) 518 (69.4)

(Continues)
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adjusted for factors significantly associated with infection in univari-

ate analysis, including site, occupation, and reported direct contact

and facemask use. All analyses were conducted using SAS Version 9.4

and graphics created using R Version 4.1.

3 | RESULTS

Among 4549 participants, 1020 (22%) were unvaccinated, and 3529

(78%) were fully vaccinated by the end of the observation period

(Table 1); 2302 (65%) received Pfizer-BioNTech mRNA, 1144 (32%)

Moderna mRNA-1273, and 83 (2%) J&J/Janssen COVID-19 vaccines.

Overall, 48% of participants were located in Arizona study sites, 62%

female, 73% aged 18–49 years, 95% white, 18% Hispanic, and 25%

had at least one chronic medical condition. Approximately half of

participants were healthcare workers, 20% were first responders, and

28% were other frontline workers. Participants reported a monthly

average of 9 direct contact hours and 97% facemask use with persons

known or suspected to have COVID-19; facemask use was lower dur-

ing contact with coworkers, patients, or the public at work (88%) or in

the community (76%) when COVID-19 was not suspected (data not

shown). The frequency in which a participant’s report was higher or

lower than the average is given in Table 1.

Frequency of SARS-CoV-2 infections varied by site and was sig-

nificantly higher among participants who were male, first

responders, and reported lower than average facemask use

(Table 1). Receipt of COVID-19 vaccination also varied by site and

was significantly higher among participants who were female, aged

≥50 years, white, non-Hispanic, healthcare personnel, had at least

one chronic condition, and reported fewer hours of direct contact

T AB L E 1 (Continued)

COVID-19 vaccination status

Characteristics

Total participants SARS-CoV-2 infections Unvaccinated
Fully

vaccinateda

No. Distribution (%) No. (%) P-value No. (%) No. (%) P-value

Contact with people at work

Hours (n = 4509)

Above monthly mean 2194 (48.7) 133 (6.1) 0.2498 500 (22.8) 1694 (77.2) 0.1352

Below monthly mean 2315 (51.3) 122 (5.3) 485 (21.0) 1830 (79.0)

Percent facemask use

Above monthly mean 3139 (70.6) 141 (4.5) <0.0001 550 (17.5) 2589 (82.5) <0.0001

Below monthly mean 1308 (29.4) 111 (8.5) 400 (30.6) 908 (69.4)

Contact with people in the

community

Hours (n = 4304)

Above monthly mean 1844 (42.8) 115 (6.2) 0.2476 456 (24.7) 1388 (75.3) <0.0001

Below monthly mean 2460 (57.2) 133 (5.4) 428 (17.4) 2032 (82.6)

Percent mask use (n = 4506)

Above monthly mean 2669 (59.2) 119 (4.5) <0.0001 516 (19.3) 2153 (80.7) <0.0001

Below monthly mean 1837 (40.7) 137 (7.5) 471 (25.6) 1366 (74.4)

Abbreviation: HCP, healthcare personnel.
aParticipants were considered fully vaccinated 14 days after receipt of a second mRNA COVID-19 vaccine dose (2302 [65%] Pfizer-BioNTech and 1144

[32%] Moderna recipients), or a single Johnson & Johnson’s Janssen vaccine dose (83 [2%] recipients). Vaccination status shown represents participant

status at the end of the observation period.
bFor 15 participants missing biological sex, it was imputed as the more common category (female).
cOccupation categories: primary HCP (physicians, physician assistants, nurse practitioners, dentists), other allied HCP (nurses, therapists, technicians,

medical assistants, orderlies, and all others providing clinical support in inpatient or outpatient settings), first responders (firefighters, law enforcement,

corrections, emergency medical technicians), essential and other frontline workers (workers in hospitality, delivery, and retail; teachers; all other

occupations that require contact within 3 ft. of the public, customers, or coworkers as a routine part of their job).
dChronic conditions included asthma; other chronic lung disease, such as COPD, emphysema; cancer; diabetes; heart disease or condition; hypertension or

high blood pressure; immunosuppression; kidney disease; liver disease; neurologic or neuromuscular disease or disorder; and autoimmune disease. For 135

participants, who did not respond to the self-report question, they were imputed as none, pending further verification.
eEach week, participants were asked to report hours of direct contact (within 3 ft.) of others and percent of these hours wearing a facemask in the past

7 days in one of the following scenarios: with persons who have confirmed or suspected COVID-19, people at work, or people in the community.
fFor individual questions, denominators vary due to missing information: Participants may have withdrawn prior to answering, newer enrollees may not

have received the question at the time of this analysis, or participants may choose not to answer.

588 NALEWAY ET AL.



and greater use of facemasks with others at work and in the

community (Table 1).

Monthly incidence rates with 95% confidence intervals were plot-

ted for unvaccinated and vaccinated adults during January to

September 2021 (Figure 1). Among unvaccinated adults, incidence

rates had a W-shaped trend with the highest incidence of

SARS-CoV-2 infection in both January (13.9 per 1000 person-weeks,

95% CI 10.4–17.4) and September (during Delta variant predomi-

nance) (13.6 per 1000 person-weeks, 95% CI: 7.8–19.4) and a smaller

peak in May (3.9 per 1000 person-weeks, 95% CI 1.2–6.6). In con-

trast, incidence of SARS-CoV-2 infection among fully vaccinated

adults remained very low throughout the study period until the Delta

variant became predominant with peak incidence in September (4.1

per 1000 person-weeks, 95% CI 1.9–3.8).

First responders had the highest risk of infection, regardless of

vaccination status (Table 2). The increased risk of SARS-CoV-2 infec-

tion among unvaccinated and vaccinated adults was greatest in

Phoenix, Arizona, and Florida; among vaccinated participants, rates

were also higher in Texas and Utah. Among vaccinated and

unvaccinated participants, infection risk was also increased when

reporting above average hours of contact with persons who had con-

firmed or suspected COVID-19 or below average facemask use during

contact. Vaccinated participants similarly had an increased risk when

reporting above average hours of COVID-19 contact or below aver-

age facemask use during direct contact with people at work or in the

community; these patterns were similar for unvaccinated participants

but did not reach statistical significance.

The cumulative adjusted incidence of SARS-CoV-2 infection

among unvaccinated participants was 7.6 (95% CI 6.4–9.1) compared

with 1.9 (95% CI 1.5–2.3) among vaccinated participants, indicating

the relative risk of SARS-CoV-2 infection among unvaccinated partici-

pants 4.1 (95% CI 3.1–5.3) times higher than fully vaccinated

participants.

4 | DISCUSSION

In a prospective cohort of frontline workers, the risk of SARS-CoV-2

infection, regardless of symptoms, was four times higher for

unvaccinated adults (7.6 per 1000 person-weeks) compared with vac-

cinated (1.9 per 1000 person-weeks). Although the rate of infection

among vaccinated participants remained below 1 per 1000 person-

weeks for the first half of 2021, we observed a concomitant increase

in rates with increasing Delta variant prevalence that was pronounced

among unvaccinated and modest among vaccinated participants.

These findings of continued lower risk of infection among the fully

vaccinated relative to the unvaccinated, including during weeks when

the Delta variant was predominant, are consistent with previously

reported highly protective estimates of COVID-19 VE against

infection.2,9,10

A strength of the current analysis is the inclusion of multiple mea-

sures of direct contact with known or suspected COVID-19 cases,

coworkers, and the public, as well as reported facemask (or other pro-

tective equipment) use in these settings. The gap in risk of SARS-

CoV-2 infection between unvaccinated and vaccinated adults was

heightened by the additional protective benefit of facemask use.

Unvaccinated participants reported lower facemask use during hours

of direct contact with COVID-19 or with people at work or in the

community, consistent with reported lower overall adherence with

infection control measures among unvaccinated persons.11 These

findings underscore the importance of interpreting differences in inci-

dence estimates by vaccination status in the context of individual

physical distancing and facemask use behaviors in addition to

observed differences by occupation and site location.

The findings in this study are subject to four key limitations. First,

the HEROES-RECOVER participants represent a highly vaccinated

population relative to the general population, and the person-time

contribution of unvaccinated participants is diminished and may not

F I GU R E 1 Monthly incidence* of SARS-
CoV-2 among unvaccinated and fully COVID-19
vaccinated frontline workers—January–September
2021. The unadjusted incidence was calculated
for each month as the number of infections
relative to the observed person-weeks, and 95%
confidence intervals were estimated using Wald
intervals
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T AB L E 2 Incidencea of SARS-CoV-2 infection among unvaccinated and fully COVID-19 vaccinated frontline workers by sociodemographic
and behavioral factors—January–September 2021

COVID-19 vaccination status

Characteristic

Unvaccinated Fully vaccinated

Cumulative incidence* Relative rate (95% CI) Cumulative incidence* Relative rate (95% CI)

Sociodemographics

Cohort location

Tucson, AZ 5.2 (Referent) 0.7 (Referent)

Phoenix, AZ 9.7 1.8 (1.1–3.0) 1.9 2.6 (1.3–5.0)

Other areas in AZ 4.9 0.9 (0.4–1.7) 0.8 1 (0.4–3.1)

Miami, FL 12.4 2.3 (1.4–3.7) 3.1 4.3 (2.1–8.9)

Duluth, MN 3.6 0.7 (0.2–1.9) 1.1 1.5 (0.7–3.1)

Portland, OR 4.2 0.8 (0.3–1.8) 0.8 1.1 (0.5–2.4)

Temple, TX 8.3 1.5 (0.8–2.9) 2.9 4 (2.1–7.8)

Salt Lake City, UT 6.0 1.1 (0.7–1.9) 1.6 2.2 (1.1–4.3)

Occupationb

Primary HCP 4.7 1 (0.4–2.2) 1.1 0.9 (0.5–1.5)

Nurses and other allied HCP 5.9 1.2 (0.8–1.9) 1.1 0.8 (0.5–1.4)

First responders 10.6 2.2 (1.5–3.2) 2.1 1.6 (1.0–2.8)

Essential and other frontline 4.9 (Referent) 1.3 (Referent)

Sex

Female 6.1 0.8 (0.6–1.1) 1.2 0.7 (0.5–1.1)

Male 7.5 (Referent) 1.6 (Referent)

Age (years)

18–49 7.1 1.2 (0.8–1.8) 1.4 1.1 (0.8–1.7)

≥50 5.7 (Referent) 1.2 (Referent)

Race

White 6.8 1.3 (0.6–2.7) 0.9 --

Other 6.0 (Referent) 0 (Referent)

Ethnicity

Hispanic/Latinx 7.7 1.2 (0.8–1.7) 1.3 1 (0.6–1.7)

Other 6.4 (Referent) 1.3 (Referent)

Chronic condition

None 6.6 0.9 (0.6–1.3) 1.3 1 (0.6–1.4)

1 or more 7.2 (Referent) 1.3 (Referent)

Direct contact and facemask usec

Contact with COVID-19

Hours

Above monthly mean 9.8 1.8 (1.3–2.6) 2.6 2.7 (1.8–3.9)

Below monthly mean 5.3 (Referent) 0.9 (Referent)

Percent facemask use

Above monthly mean 6.1 (Referent) 1.3 (Referent)

Below monthly mean 12.7 2.1 (1.3–3.3) 2.2 1.7 (0.8–3.9)

Contact with people at work

Hours

Above monthly mean 5.9 0.8 (0.5–1.1) 1.1 0.7 (0.5–1.0)

Below monthly mean 7.8 (Referent) 1.6 (Referent)

(Continues)
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indicate statistical significance for all analyses. Second, if COVID-19

vaccination reduces nasal viral RNA load,5 the sensitivity of virus

detection by RT-PCR could be reduced and underestimate incidence

in the vaccinated. Third, self-collection of specimens or shipping

delays, though rare, could compromise specimen quality and further

lead to reduced RT-PCR sensitivity and underestimation of incidence.

Fourth, the prospective study design is reliant upon participant adher-

ence to weekly specimen collection and symptom reporting that is

rarely perfect. However, HEROES-RECOVER has maintained a very

high level of adherence to weekly symptom reporting and swab col-

lection (median 100%; interquartile range 82%–100%).

HEROES-RECOVER network completes routine weekly testing

for SARS-CoV-2 regardless of symptoms and collects detailed infor-

mation from participants, allowing for estimation of incidence with

laboratory-confirmed outcomes accounting for the impact of individ-

ual characteristics and behaviors. The high effectiveness of COVID-19

vaccines (noted in clinical trials and in real-world estimates from this

network) translate into substantial decreases in the actual number of

adults who are infected following vaccination. Our findings further

support the benefit of full vaccination and ongoing interventions to

improve vaccine uptake and adherence to infection control measures,

such as physical distancing and masking.
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T AB L E 2 (Continued)

COVID-19 vaccination status

Characteristic

Unvaccinated Fully vaccinated

Cumulative incidence* Relative rate (95% CI) Cumulative incidence* Relative rate (95% CI)

Percent facemask use

Above monthly mean 6.0 (Referent) 1.2 (Referent)

Below monthly mean 8.0 1.3 (1.0–1.9) 2.0 1.7 (1.1–2.7)

Contact with people in the community

Hours

Above monthly mean 6.5 1 (0.7–1.3) 1.2 1 (0.7–1.4)

Below monthly mean 6.7 (Referent) 1.3 (Referent)

Percent facemask use

Above monthly mean 6.2 (Referent) 1.1 (Referent)

Below monthly mean 7.8 1.3 (0.9–1.8) 1.9 1.9 (1.3–2.7)

Abbreviations: AZ, Arizona; CI, confidence interval; COVID-19, coronavirus disease 2019; FL, Florida; HCP, healthcare personnel; MN, Minnesota; OR,

Oregon; TX, Texas; UT, Utah.
aUnadjusted cumulative incidence was calculated as the number of cases relative to the observed person-weeks using stratified Poisson generalized

estimating equations to account for repeated measures.
bOccupation categories: primary HCP (physicians, physician assistants, nurse practitioners, dentists), other allied HCP (nurses, therapists, technicians,

medical assistants, orderlies, and all others providing clinical support in inpatient or outpatient settings), first responders (firefighters, law enforcement,

corrections, emergency medical technicians), essential and other frontline workers (workers in hospitality, delivery, and retail; teachers; all other

occupations that require contact within 3 ft. of the public, customers or coworkers as a routine part of their job).
cEach week, participants were asked to report hours of direct contact (within 3 ft.) of others and percent of these hours wearing a facemask in the past

7 days in one of the following scenarios: with persons who have confirmed or suspected COVID-19, people at work, or people in the community.
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