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Objectives: Estimate incidence of and risks for SARS-CoV-2 infection among nursing home staff in the
state of Georgia during the 2020-2021 Winter COVID-19 Surge in the United States.
Design: Serial survey and serologic testing at 2 time points with 3-month interval exposure assessment.
Setting and Participants: Fourteen nursing homes in the state of Georgia; 203 contracted or employed
staff members from those 14 participating nursing homes who were seronegative at the first time point
and provided a serology specimen at second time point, at which time they reported no COVID-19
vaccination or only very recent vaccination (�4 weeks).
Methods: Interval infection was defined as seroconversion to antibody presence for both nucleocapsid
protein and spike protein. We estimated adjusted odds ratios (aORs) and 95% CIs by job type, using
multivariable logistic regression, accounting for community-based risks including interval community
incidence and interval change in resident infections per bed.
Results: Among 203 eligible staff, 72 (35.5%) had evidence of interval infection. In multivariable analysis
among unvaccinated staff, staff SARS-CoV-2 infectioneinduced seroconversion was significantly higher
among nurses and certified nursing assistants accounting for race and interval infection incidence in
both the community and facility (aOR 5.3, 95% CI 1.0-28.4). This risk persisted but was attenuated when
using the full study cohort including those with very recent vaccination.
Conclusions and Implications: Midway through the first year of the pandemic, job type continues to be
associated with increased risk for infection despite enhanced infection prevention efforts including
routine screening of staff. These results suggest that mitigation strategies prior to vaccination did not
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eliminate occupational risk for infection and emphasize critical need to maximize vaccine utilization to
eliminate excess risk among front-line providers.

� 2022 AMDA eThe Society for Post-Acute and Long-Term Care Medicine.
Nursing homes in the United States experienced great challenges
in protecting their residents and staff throughout the COVID
pandemic. Because routine reporting started in fall 2020, 1.2 million
infections among residents and staff nationwide, and >20,000 resi-
dent infections and 3000 deaths reported by May 2021 in Georgia
alone.1e3 Nursing homes have high risk of SARS Co-V-2 transmission
related somewhat to staffing challenges.4 Early in the pandemic,
several efforts quantified the risk of infection among nursing home
staff at roughly 2 times that observed among peers in the
community.5e10 We published data in fall 2020 suggesting extensive
direct-patient interactions (ie, certified nursing assistants) were >3
times as likely to have evidence of recent infection compared with
nonepatient-facing staff.9,10

To limit introduction and transmission of SARS-CoV-2 in nursing
homes, the Centers for Medicare & Medicaid Services11 required
restricted resident visitation and universal masking early (spring
2020), and later ramped up regular testing of staff (fall/winter 2020)
prior to staff vaccination programs, which started in Georgia around
February 2021.11e14 Testing frequency was often on a weekly or twice-
weekly basis and remained in place throughout the spring; increased
testing frequency had been hypothesized to greatly reduce trans-
mission in these settings.14e16 Despite these efforts, clusters of resi-
dent and staff infections did occur, mostly coinciding with surges of
community-based COVID-19 infections during the winter months
(December 2020 through March 2021), with some evidence pointing
to inadequate staffing.17 It is unclear to what degree infection pre-
vention mitigation strategies put in place at the start of the winter
surge reduced risk to nursing home staff before the availability of
vaccines. We used the same network of nursing homes studied early
in the pandemic to estimate risk for infection and identify risk factors
for infection from December 2020 through April 2021.

Methods

Design and Ethical Approval

We recruited voluntary participants from 14 nursing homes that
had previously participated in the COVID-19 Prevention in Nursing
Homes (COPING) serologic survey study.10 All facilities followed CMS-
required testing policies and CDC infection prevention recommenda-
tions.11,13 Participants were recruited from August 26 to November 19,
2020, for first serologic assessment and from February 11 to May 7,
2021, for the second assessment. This study was evaluated and
approved by the appropriate university institutional review board (no.
00000900). All participants provided informed consent.

Study Population and Primary Data Collection

Recruitment, enrollment, survey methods, and specimen collec-
tion used at the first time point were previously published and used at
second time point with the following notable differences.10 Potential
exposures assessed were limited to the prior 12 weeks, including
contacts with confirmed or suspected SARS-CoV-2 infections (both
inside and outside of work environment), vaccine receipt, and occu-
pational activities. Participants used lancets to self-collect dried blood
spot samples for SARS-CoV-2 serology testing18 (Molecular Testing
Laboratories). A qualitative enzyme-linked immunosorbent assay
(EUROIMMUN) was used to test all samples for the presence of anti-
SARS-CoV-2 spike protein immunoglobulin G (sensitivity,
90.0%; specificity, 100%), whereas samples from the second time point
testing positive for the spike protein were reflexively tested for anti-
bodies against SARS-CoV-2 nucleocapsid protein (Bio-Rad SARS-CoV-
2 Total Ab, sensitivity, 98.0%; specificity, 99.3%).19 At least 1 member of
trained study staff was supervising participants during specimen
collection, ensuring adherence to the manufacturer’s guidelines.
Definition of Infection and Participant Susceptibility

Evidence of infection at second time points (ie, interval infection)
was defined as samples from the second time point testing positive to
both spike and nucleocapsid antibody while evidence of vaccine-
induced antibody was defined as the sample testing positive for
spike but negative for nucleocapsid. Participants with samples from
the first time point (ie, prior to vaccine availability) testing positive for
antibody to spike protein were considered previously infected and
ineligible for analysis of interval infection. Study participants were
classified as persistently test negative (no infection- and no vaccine-
induced antibody), incident infection (evidence of interval infec-
tion), or vaccinated (evidence of vaccine-induced antibody). Only a
subset of participants reporting vaccine receipt (irrespective of
serology results) were eligible for inclusion in the main analysis: staff
who reported their most recent vaccine dose �4 weeks of the second
time point. These recently vaccinated participants were eligible for the
initial study group and considered susceptible to infection during
most of the exposure window, precisely at least 8 weeks of the 12-
week exposure period before the second time point. Workers did
not record if most recent vaccination was first or second dose;
therefore, we arbitrarily used 4 weeks as a cutoff to categorize those
vaccinated within 4 weeks of second time point as susceptible for the
initial analysis; some of these workers may have just received their
second dose, whereas others may have just received their first dose.
Although this introduced bias into the analysis, our sensitivity analysis
excluded all vaccinated staff.
External Data Sources

Community-based exposure was approximated using COVID-19
case data from the Georgia Department of Public Health. The
participant-specific interval community case rate was defined as the
difference between the cumulative case count at 2 weeks prior to
second specimen collection date and 2 weeks before first specimen
collection date, for the participant’s residential ZIP Code Tabulation
Area (ZCTA) adjusting for population counts (Table 1). ZCTA-specific
population estimates were obtained from the 2019 American Com-
munity Survey.18 Although nursing home resident infections may be
the result of staff infection rates, we did consider resident infection
rates as a possible exposure: we used data on confirmed nursing
home resident COVID-19 cases reported to CMS and defined the
facility-specific interval resident-infection rate as the difference in
the documented cumulative number of infected residents between
the 2 time points, divided by the average number of occupied beds
over these weeks.20
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Statistical Analysis

Participants’ data were first aggregated at the facility level to
summarize facility-specific metrics of participation, interval com-
munity case rate, facility infection rate, and seroconversion status.
Staff characteristics were compared between persistently seroneg-
ative, vaccine-induced seroconverted, and infection-induced sero-
converted participants. Race and ethnicity were self-reported and
combined for analysis, if a person identified as Hispanic, that took
precedence over assigning race value. Because prior analysis early in
the pandemic identified job category as the major risk factor for
infection-induced seropositivity,10 we considered job category as the
main independent variable to assess and a priori identified race, age,
sex, interval community-case rate, and facility-infection rate as po-
tential confounders. Additional occupational factors or known con-
tacts with COVID-19 infections were evaluated in an exploratory
manner.

Staff responses were mapped to 6 job categories with similar fre-
quency and proximity of expected contact with residents: (1) health
care administration, pharmacy, and other nonresident care; (2) resi-
dent activities, environmental services, and food services; (3) social
work and physical, occupational, respiratory, and speech therapy; (4)
certified nursing assistants; (5) nurses (including registered nurses
and licensed-practical nurses); and (6) physicians and advanced
practice providers.

We used mixed model logistic regression to estimate unadjusted
odds ratios (ORs), adjusted ORs (aORs), and 95% CIs for infection-
induced seroconversion, including all a priori identified variables.
We explored interactions between job role and facility-infection rate.
We determined age, sex, job role, interval community rates, and fa-
cility infection rates were established risk factors to be retained in the
model. Other variables were retained if P value< .25 or changed OR of
exposure variable >10% when in model. Facility was included as a
random effect to account for variability between sites. Primary anal-
ysis included the entire eligible study cohort, and a sensitivity analysis
was performed using similar methods among only the subset of par-
ticipants that reported never being vaccinated.

Results

Of 2053 eligible nursing home staff, 772 (37.6%) participated in
initial time point serosurvey, of which 367 (48%) participated in sec-
ond time point serosurvey; 274 were seronegative at the initial time
point and considered in this analysis. Seventy-one (26%) reported
vaccination >4 weeks before time point 2, leaving 203 staff included
in the risk factor analysis classified as follows: persistently seroneg-
ative (57; 28.1%), infection-induced seroconversion (72; 35.5%), or
vaccine-induced seroconversion (74; 36.5%) (Table 1).

Across all facilities, infection-induced seroconversionwas 35% (72/
203); however, the facility-specific rate ranged from 8% to 70%,
partially because of small numbers of participants (�10) from 4 fa-
cilities (Table 1). At the second time point, there were a cumulative
941 resident cases, and the size of COVID-19 outbreaks among resi-
dents, that is, the interval facility-infection rate (the interval difference
in percentage of residents infected between time points) was 29%
(median 15.3%, range 0%-61%). Facilities also varied in bed capacity
and number of residents residing in the facility during the interval
period (interval census). None of these facility factors appeared to
correlate with percentage of staff seroconversion at the facility level
(Table 1). The interval community-case rate among staff was a median
of 5.4 documented infections per 100 persons within the staff’s ZCTA
population; this rate varied from 3.9 to 8.1 between facilities and
varied widely within most facilities (Supplementary Figure 1).

Staff with infection-induced seroconversion resided in areas with
similar interval community case rates and worked in facilities with



Table 2
Characteristics and Survey Responses Among 203 Eligible Participants, by Infection
Status

Characteristic Infected
(n ¼ 72)

Not Infected
(n ¼ 131)

Total
(N ¼ 203)

Sex
Female 58 (81) 111 (85) 169 (83)
Male 14 (19) 20 (15) 34 (17)

Age category, y
<40 19 (26) 40 (31) 59 (29)
40-49 21 (29) 32 (24) 53 (26)
50-59 23 (32) 39 (30) 62 (31)
�60 9 (12) 20 (15) 29 (14)

Race
White (non-Hispanic) 10 (14) 36 (27) 46 (23)
Black (non-Hispanic) 50 (69) 72 (55) 122 (60)
Hispanic 1 (1) 6 (5) 7 (3)
Prefer not to answer 8 (11) 15 (11) 23 (11)
Missing 3 (4.2) 2 (1.5) 5 (2.5)

Job category*
Act/Env/Food/Admin 28 (39) 67 (51) 95 (47)
MD/APP/PT/OT/RT/SP/SW 12 (17) 21 (16) 33 (16)
Nurse/CNA 32 (44) 43 (33) 75 (37)

Work at other facility in prior 3 mo
Yes 5 (7) 4 (3) 9 (4)
No 66 (92) 124 (95) 190 (94)
Prefer not to answer 1 (1) 3 (2) 4 (2)

Known community COVID-19 contact
in prior 3 mo

Yes 10 (14) 11 (8) 21 (10)
No 61 (85) 116 (89) 177 (87)
Unknown 1 (1) 4 (3) 5 (2)

Known COVID-19 contact in workplace
in prior 3 mo

At least 1 contact 32 (44) 52 (40) 84 (41)
No or unsure 40 (56) 79 (60) 119 (59)

Able to always practice universal
masking at work

�80% of the time 66 (92) 117 (89) 183 (90)
<80% of the time 6 (8) 14 (11) 20 (10)

Able to always practice social distancing
at work

Yes 60 (83) 116 (89) 176 (87)
No or unsure 12 (17) 15 (11) 27 (13)

Interval difference in % residents
infected

�50% 50 (69) 89 (68) 139 (68)
<50% 22 (31) 42 (32) 64 (32)

Interval community incidence in
participant zip code

�4.83 23 (32) 43 (33) 66 (33)
4.84-6.47 23 (32) 43 (33) 66 (33)
>6.47 25 (35) 43 (33) 68 (33)
Missing 1 (1.4) 2 (1.5) 3 (1.5)

Values are n (%).
Infected participates were those testing negative to antibody at first time point and
testing positive to both spike and nucleocapsid antibody at second time point. Only
a subset of vaccinated participants reporting vaccine receipt (irrespective of
serology results) were eligible for inclusion in the main analysis: staff reporting
most recent vaccine dose <5 weeks of the second time point.

*Job category includes activities (Act), environmental services (Env), dietary or
food preparation (Food), administrative (Admin), physician (MD), advanced practice
provider (APP), physical therapy (PT), occupational therapy (OT), respiratory ther-
apy (RT), speech therapy (SP), social work (SW), registered nurses (Nurse), or clinical
nurse assistant (CAN).

Table 3
Adjusted ORs for SARS-CoV-2 Seroconversion Among Nursing Home Staff

Characteristic Adjusted OR (95% CI)

Study Group*
(n ¼ 203)

Unvaccinated Only
(n ¼ 80)

Sex
Female Referent Referent
Male 1.67 (0.67, 4.18) 0.32 (0.03, 3.68)

Race
White Referent Referent
Black or African American 3.03 (1.19, 7.73) 2.07 (0.40, 10.81)
Hispanic 1.03 (0.10, 10.47) 9.51 (0.23, 391.83)
Prefer not to answer 1.75 (0.50, 6.18) 0.81 (0.10, 6.61)

Age category, y
<40 Referent Referent
40-49 1.37 (0.56, 3.32) 0.36 (0.07, 1.80)
50-59 1.25 (0.53, 2.95) 0.89 (0.18, 4.41)
�60 0.82 (0.28, 2.44) 0.60 (0.07, 5.28)

Job categoryy

No patient care Referent Referent
MD/APP or PT/OT/RT/SP/SW 1.69 (0.59, 4.83) 2.28 (0.40, 13.02)
Nurse/CNA 1.89 (0.93, 3.86) 5.65 (1.39, 22.97)

Social distance at work
No Referent Referent
Yes 0.66 (0.27, 1.66) 0.54 (0.13, 2.25)

Interval difference in % residents
infected

<50% Referent Referent
�50% 1.10 (0.45, 2.67) 2.88 (0.66, 12.47)

Interval community incidence per
100 in participant zip code

>4.83 Referent Referent
4.84-6.47 0.96 (0.41, 2.25) 5.33 (1.00, 28.43)
>6.47 1.60 (0.64, 4.03) 1.54 (0.29, 8.23)

Contact with confirmed or
suspected COVID-19 outside of
work

No Referent Referent
Yes 2.18 (0.78, 6.12) 2.20 (0.36, 13.32)

Study group includes all eligible participants (staff testing negative at time point 1)
and reported either no vaccine receipt or reported vaccine receipt (irrespective of
serology results) < 4 weeks of time point 2. Infected participants were those testing
negative to antibody at time point 1 and testing positive to both spike and nucle-
ocapsid antibody at time point 2. Results significant at the 95% confidence level are
shown in bold.

*Unvaccinated participants differed slightly from vaccinated (Supplementary
Table 1).

yJob category includes activities (Act), environmental services (Env), dietary or
food preparation (Food), administrative (Admin), physician (MD), advanced practice
provider (APP), physical therapy (PT), occupational therapy (OT), respiratory ther-
apy (RT), speech therapy (SP), social work (SW), nurses (LPN or RN), or certified
nursing assistant (CNA).
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similar interval resident infection rates as noninfected staff (Table 2).
However, staff with infection-induced seroconversion had different
distributions of race and job categories than noninfected staff but very
similar ages, duration of working at the testing facility, known COVID-
19 close contacts, and self-reported infection control practices (Table 2).

In multivariable analyses for full study group, Black race, interval
case rates (both facility and community), having known COVID-19
contacts, and patient-facing job categories had elevated odds of
infection (Table 3). In the sensitivity analysis limited to only the 80
unvaccinated study participants, job category became statistically
significant; nurses or certified nursing assistants were associated with
a significantly higher odds of interval infection compared to non-
epatient-facing staff (aOR 5.65, 95% CI 1.39-22.97) (Table 3). Self-
reporting as Black remained an important predictor of infection in
this smaller study group, although with a less precise estimate (aOR
2.07, 95% CI 0.40-10.81).
Discussion

During the roughly 5-month winter surge of the COVID-19
pandemic, December 2020 through April 2021, prior to widespread
vaccine uptake among Georgia nursing home staff, these staff had a
roughly 1 in 3 chance of becoming infected with SARS-CoV-2. Like
early in the pandemic, job types that require substantial close contact
with residents (eg, certified nursing assistant) to perform high-contact
care were at higher risk for infection compared to nonepatient-facing
staff. This suggests that during this interval, whereweekly or biweekly
testing of asymptomatic staff was in place, infection risk persisted
related to occupational factors. Our approach was unique to previous
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single cross-sectional surveys because we used 2 time points. Notably,
we were unable to demonstrate an association between resident-
infection burden during the exposure period and staff risk, or that
associations between staff risk and occupational factors were modi-
fied by resident-infection burden.

We note several limitations in this study. First, unmeasured
occupational factors, such as compliance with infection control prac-
tices or compliance with testing and work exclusion policies, may
have confounded the association between job role and SARS-CoV-2
infection risk. Second, it is possible that facility factors, such as
ventilation or structure of the fixed care environment, led to differ-
ences between facilities. However, we could not examine facility-
specific risk because of small sample sizes in some facilities. Next,
importantly, our use of self-reported data on exposures introduces
possible recall error into our risk factor assessment. We may have
excluded reinfections, because we excluded all participants who were
seropositive in the first round, and nonoccupational factors such as
masking and social distancing at home were not queried. There is the
potential for substantial selection bias evaluating only staff consenting
to the study, as well as limiting the subset analysis to only those un-
vaccinated. Finally, although we initially recruited roughly 800 staff at
the second time point, because of prior infection and rotating staff, our
sample size for the main analysis was likely too small to quantify
meaningful risk for some factors. Finally, it is important to note that
the magnitude of the community-case rates reported here likely un-
derestimate the true magnitude of disease because of established
reporting bias, so comparisons to serology-defined infection rates
among staff should not be made directly.21,22

Despite these limitations, we describe an important observation in
these data related to vaccine receipt. Many of our study participants
were vaccinated prior to the second time point. We tried to maximize
the size of the cohort by initially including any eligible participant
who was unvaccinated for most of the exposure period in the study.
When using this liberal inclusion criteria, the association between job
type and infection risk was attenuated, with an elevated aOR of 1.89
(95% CI 0.93-3.86) for nursing staff, whereas in the most conservative
analysis excluding all self-reported vaccinated staff, that aOR
increased to almost 5.65 (95% CI 1.39-22.97). This attenuation of the
magnitude of the estimated risk with the very recently vaccinated
staff suggests that the impact of vaccine on reducing job
typeedependent risks for interval infection were swift and large.
Other recent cross-sectional studies highlight the deadly impact of
low staff vaccination coupled with high SARS-CoV-2 transmission in
the nursing staff communities has on resident infections; overcoming
barriers to fully vaccinate staff is of utmost importance.23e25

Conclusions and Implications

Elevated risk of SARS-CoV-2 infection among nursing staff suggests
that the work activities of certified nursing assistants, and to a lesser
extent nurses, has persisted despite extensive mitigation efforts
focused on universal serial testing practices put into place at all
nursing homes because of CMS regulations. However, these data
highlight those risks attributed to job-type and patient-care activities
can be eliminated with vaccine receipt.
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Supplementary Table 1
Comparison of Self-Reported Vaccinated Staff and Unvaccinated Staff Among the Cohort of 203 Eligible Nursing Home Staff Studied

Unvaccinated (n ¼ 80) Vaccinated (n ¼ 123) Total (N ¼ 203)

Sex
Female 69 (86) 100 (81) 169 (83)
Male 11 (14) 23 (19) 34 (17)

Age category, y
<40 32 (40) 27 (22) 59 (29)
40-49 18 (22) 35 (28) 53 (26)
50-59 22 (28) 40 (33) 62 (31)
�60 8 (10) 21 (17) 29 (14)

Race
White 19 (24) 27 (22) 46 (23)
Black or African American 44 (55) 78 (63) 122 (60)
Hispanic 2 (2) 5 (4) 7 (3)
Prefer not to answer 13 (16) 10 (8) 23 (11)
Missing 2 (2.5%) 3 (2.4%) 5 (2.5%)

Job category*
Act/Env/Food/Admin 28 (39) 67 (51) 95 (47)
Physician/PT/OT/RT/SP/SW 12 (17) 21 (16) 33 (16)
Nurse 16 (22) 26 (20) 42 (21)
CNA 16 (22) 17 (13) 33 (16)

Community contact
Yes 9 (11) 12 (10) 21 (10)
No 69 (86) 108 (88) 177 (87)
Unknown 2 (2) 3 (2) 5 (2)

Work contact
At least 1 contact 42 (52) 42 (34) 84 (41)
No or unsure 38 (48) 81 (66) 119 (59)

Universal masking
�80% of the time 71 (89) 112 (91) 183 (90)
<80% of the time 9 (11) 11 (9) 20 (10)

Social distancing
Yes 66 (82) 110 (89) 176 (87)
No or unsure 14 (18) 13 (11) 27 (13)

Interval difference in % residents infected
<50% 24 (30) 40 (33) 64 (32)
�50% 56 (70) 83 (67) 139 (68)

Interval community incidence per 100 in participant zip code
�4.83 23 (29) 43 (35) 66 (33)
4.84-6.47 28 (35) 38 (31) 66 (33)
>6.47 27 (34) 41 (33) 68 (33)
Missing 2 (2.5) 1 (0.8) 3 (1.5)

Values are n (%).
*Job category includes activities (Act), environmental services (Env), dietary or food preparation (Food), administrative (Admin), physician (MD), physical therapy (PT),

occupational therapy (OT), respiratory therapy (RT), speech therapy (SP), social work (SW), nurse (LPN or RN), or certified nursing assistant (CNA).

Supplementary Fig. 1. Zip codeespecific interval cumulative incidence of COVID-19 among 203 nursing home staff, by nursing home. Median (solid line), interquartile values (box),
5th and 95th percentile values (whisker) and extreme values (circle).
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