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Abstract

Objectives: We evaluated SARS-CoV-2 anti-nucleocapsid (anti-N) seroconversion and seroreversion rates, risk factors associated with
SARS-CoV-2 seroconversion, and COVID-19 risk perceptions among academic healthcare center employees in a rural state.

Methods: Among employees aged ≥18 years who completed a screening survey (n= 1,377), we invited all respondents reporting previous
COVID-19 (n= 85; 82 accepted) and a random selection of respondents not reporting previous COVID-19 (n= 370; 220 accepted) to
participate. Participants completed surveys and provided blood samples at 3-month intervals (T0, T3, T6, T9). We used logistic regression to
identify risk factors for seropositivity at T0.

Results: The cohort was primarily direct patient caregivers (205/302; 67.9%), white (278/302; 92.1%), and female (212/302; 70.2%). At T0,
86/302 (28.4%) participants were seropositive. Of the seronegative participants, 6/198 (3.0%), 6/183 (3.3%), and 14/180 (7.8%) had
seroconverted at T3, T6, and T9, respectively. The overall seroreversion rate was 6.98% at T9. At T0, nursing staff (odds ratio [OR], 2.37; 95%
confidence interval [CI], 1.08, 5.19) and being within six feet of a non-household member outside of work (OR, 2.91; 95% CI, 1.02, 8.33) had
significantly higher odds of seropositivity. Vaccination (OR, 0.05; 95% CI, 0.02, 0.12) and face mask use (OR, 0.36; 95% CI, 0.17, 0.78) were
protective.

Conclusions: The seroconversion and seroreversion rates were low among participants. Public health and infection prevention measures
implemented early in the COVID-19 pandemic – vaccination, face mask use, and social distancing – were associated with significantly lower
odds of SARS-CoV-2 seropositivity among participants.

(Received 11 June 2024; accepted 8 August 2024)

Introduction

Many early studies of SARS-CoV-2 seropositivity rates and risk
factors associated with seroconversion among healthcare profession-
als (HCPs) were cross-sectional studies of urban populations.1–16

Some studies found that nursing positions, emergency department
jobs, and contact with patients who have COVID-19 were associated
with seroconversion.4,7,11–13,15 Other studies found that exposure to
someone with suspected or confirmed COVID-19 outside the
hospital increased the risk of infection, but in-hospital exposures did
not.14,16,17 More recently, a few prospective cohort studies in the
United States18,19 assessed the duration of SARS-CoV-2 antibodies
amongHCP. For example,Wilkins et al. found that 48% (138/263) of
participants with detectable anti-nucleocapsid antibodies at baseline
were seronegative at their 6-month follow-up.18 Similarly, Papasavas

et al. found that the seroreversion rate among HCPs was 39.5% at a
median time of 5.5 months.19

Some early studies assessed HCPs’ reactions to the
pandemic.20,21 For example, Zhang et al. found that over 85% of
HCPs feared becoming infected with SARs-CoV-2.21 A cross-
sectional study conducted in 2020 at two urban health centers
found that 78.4% of healthcare personnel worried about
contracting the virus from a patient, 97.3% were concerned that
they would put their family or coworkers at risk, and 8.9% refused
to care for patients with COVID-19.22

Thus, we have substantial information about seroprevalence
and risk factors associated with seropositivity, but study results are
conflicting and few studies have analyzed seroconversion rates
over time among HCPs in rural areas. In addition, few prospective
cohort studies have evaluated how either seroprevalence or
perceptions of COVID-19 changed over time among HCPs in
the United States. To address these gaps, we conducted a
longitudinal cohort study of 302 employees at Iowa Health Care
(IHC), which comprises the University of Iowa Hospitals and
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Clinics (UIHC) and the University of Iowa Carver College of
Medicine, fromOctober 2020 toMay 2022. The UIHC, Iowa’s only
academic medical center, is a comprehensive healthcare center
with 889 beds.

Methods and materials

Study population

One thousand three hundred seventy-seven adult (≥18 years) IHC
employees completed a portion of the screening survey, of whom
we invited all 85 who self-reported a previous positive COVID-19
test and 370 of those who did not have a positive COVID-19 test
to participate. The final study population of 302 included
82 respondents who reported having had a positive COVID-19
test. After written informed consent, participants completed the
baseline survey and had blood tested for SARS-CoV-2 antibody
levels (See Supplemental Figure 1).

We used the Roche Diagnostics Elecsys Anti-SARS-CoV-2 assay,
which detects total antibodies (IgA, IgG, IgM) to the nucleocapsid
protein (anti-N), to determine whether participants had been
infected with SARS-CoV-2, and the DiaSorin assay, which detects
IgG to the S1 and S2 subunits of the spike surface glycoprotein
(anti-S) and is positive after infection and after vaccination. (See
Supplemental Materials for further details about serologic testing).

Participants’ visits occurred between 10/30/20 and 7/29/21
(baseline; T0), 2/11/21–12/2/21 (3-month follow-up; T3),
5/13/21–3/8/22 (6-month follow-up; T6), and 8/11/21–5/20/22
(9-month follow-up; T9). The UIHC’s Core Clinical Laboratory
performed SARS-CoV-2 antibody testing; the study coordinator
entered serology results into a REDCap database.

Participants completed surveys online through a REDCap link;
their answers were stored in the REDCap database. The baseline
survey gathered information on possible worksite or community
exposures, personal protective equipment (PPE) use at work and in
the community, vaccination status, and COVID-19 perceptions.
At follow-up visits, participants completed surveys that repeated
some questions in the baseline survey and asked whether they had
been tested for COVID-19 in the interim.

Analysis of risk factors for seropositivity at T0

To identify factors associated with seropositivity at T0, we conducted
a five-step process using SAS 9.4 (SAS Institute, Cary NC). First, we
assessed variable distributions; we removed variables if their
distributions exhibited minimal variation across responses (eg, a
very high percentage selected ‘Yes’ for a binary ‘Yes’/’No’ response) or
if the number of participants who answered the questions was too
small due to survey skip logic. Second, we removed variables that were
not clinically or theoretically relevant as risk factors.

Third, we conducted a factor analysis on 12 items measuring
participants’ perceptions of COVID-19 and their attitudes toward
risk behaviors to aggregate related items into three higher-level
categories (ie, factors). The “Infection Likelihood” factor measured
how likely participants thought they were to contract COVID-19;
higher scores indicated the participants felt acquiring COVID-19
was more likely. The “Worry” factor measured how worried
participants were about COVID-19; higher scores indicated they
were more worried. The “Safe Behavior” factor measured
participants’ general risk-taking behavior, rather than COVID-19-
related risk-taking behavior. Higher scores indicated that partic-
ipants generally engaged in less risky or “safer” behaviors. (See
supplemental materials for more details).

Fourth, we ran univariable logistic regression models with
seropositivity status at T0 as the outcome measure; the predictor
variables included the factor scores and the other potential
seropositivity risk variables. We then removed variables not
associated with seropositivity from our pool of potential risk
factor variables. These four steps reduced our pool from 95 to
12 candidate variables: the three factors from the factor analysis,
age, sex assigned at birth, role, unit where the participant worked,
household size, children in the household, vaccination status, face
covering use, and being within six feet of a non-household member
outside of work (ie, did not practice social distancing). We used the
Akaike information criterion (AIC) to determine variable
representation (eg, continuous, quartiles, etc.).

Fifth, to test the relative influence of each potential risk factor
with and without vaccination status in the model, we applied
backward elimination regression with the other 11 candidate
variables in two separate models, one with and one without
vaccination status. We used an exclusion criterion that removed
variables with P values exceeding 0.15. To illustrate the predictive
utility of the model including vaccination status, we calculated the
probability of being seropositive at baseline for three hypothetical
subject profiles, which we created by specifying a set of factors
resulting in the highest and lowest odds of seropositivity and a set
resulting in intermediate odds.

Results

Of the 302 participants at T0, 286 (94.7%) returned at
approximately 3 months, 266 (88.1%) at 6 months, and
264 (87.4%) at 9 months. Baseline sera from 248 (80.3%)
participants were tested during the reflexive testing period.
(See Supplemental Materials for details of serologic testing,
including the definition of reflexive testing, and for a figure
mapping study phases onto major pandemic events.)

Demographics

At T0, 92.1% of participants were white, and 49.7% were
31–50 years old. Most (205; 67.9%) participants had patient care
roles: of whom, 56 (27.3%) were nurses or nursing assistants,
63 (30.7%) were physicians, and 19 (9.3%) were advanced practice
providers (Table 1). Ninety-seven (32.1%) participants had non-
patient care roles. At T0, about half of the participants had cared
for patients with COVID-19 and for “persons under investigation”
for COVID-19 but only 8.9% reported having contact with
someone outside the hospital who had COVID-19. These
percentages varied slightly during the study period (Table 2).
Additionally, 130 (43%) participants had at least 1 COVID-19
vaccine at T0, and 9 participated in blinded vaccine trials before
their T0 sera were obtained (Table 2).

Seroprevalence

Of the 302 participants, 86 (28.4%) had a positive anti-N test result
at their T0 visits, 74 of whom (86.0%) reported having had a
positive COVID-19 test before study enrollment. Eight (9.8%) of
the 82 participants who reported a prior positive COVID-19 result
had a negative anti-N result. Four of 110 (3.6%) participants who
reported that all of their pre-enrollment COVID-19 tests were
negative were seropositive and 8 of 107 (7.5%; P not significant)
participants who had not been tested for COVID-19 were
seropositive. Seventy-seven of the 86 (89.5%) seropositive results
were confirmed by positive anti-S tests and 9 (10.5%) were
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considered indeterminant because the anti-S was negative. Seven of
these 9 participants returned at T3 of whom 5 (71.4%) were
confirmed to be positive (positive anti-N and anti-S) and 2 were
negative (negative anti-N and anti-S).

Of the 86 participants with positive anti-N at T0, 71 (82.6%), 60
(69.8%), and 55 (64.0%) returned for the T3, T6, T9 follow-up visits,
respectively. At T3, 2 participants (2.8%) had seroreverted to
negative. At T6, 3 participants (5.0%) were seronegative (2 remained
negative and 1 had seroreverted to negative [1.7%]). At T9, 6 (10.9%;
2 remained negative, 3 had newly seroreverted to negative, and 1
whose T0 result was indeterminant was negative) were seronegative.
The overall seroreversion rate was 3.49% at T6 and 6.98% at T9.

Among the participants who were seronegative at T0, 6/198
(3.0%), 6/183 (3.3%), and 14/180 (7.8%) had newly seroconverted
at T3, T6, and T9, respectively. Twenty-one of 26 (80.8%)
seroconversions occurred during the Omicron surge (Figure 1).

COVID-19 sentiment

At T0 most participants thought their risk of acquiring COVID-19
either in the hospital or the community was low, and less than 20%
worried that they or their household members would “catch

COVID-19.” However, 45% of participants were worried about
spreading SARS-CoV-2 asymptomatically (Supplemental Table 1).

Figure 2 illustrates how the COVID-19 sentiment data changed
over time. After vaccines were introduced, participants tended to
report being less worried about spreading COVID-19, more willing
to go to public places, and less likely to wear face coverings in the
community. The direction of these changes reversed shortly after
the Delta variant emerged but the responses did not return to their
baseline levels. The sentiments of those who were seropositive at
any time and those who remained seronegative during the study
period diverged shortly before the Omicron variant emerged, with
the latter group being more worried about asymptomatic spread,
less willing to go to public places, and more willing to mask in the
community than those who seroconverted.

Analysis of risk factors for seropositivity at T0

The final multivariable logistic regression model with vaccination
status as a predictor (Table 3) revealed that nursing staff (ie, nurses
or nursing assistants) (odds ratio [OR], 2.37; 95% confidence
interval [CI], 1.08, 5.19) and participants who were within six feet
of someone outside of work who was not in their household (OR,
2.91; 95% CI, 1.02, 8.33) had a significantly higher odds of being
seropositive at T0 than other participants. Wearing a face covering
in public (OR, 0.36; 95% CI, 0.17, 0.78), safer behavior in general
(“Safe Behavior Factor”) (OR, 0.73; 95% CI, 0.55, 0.95), thinking
that they were more likely than not to acquire COVID-19
(“Infection Likelihood” Factor) (OR, 0.58; 95% CI, 0.41, 0.82), and
being vaccinated (OR, 0.05; 95% CI, 0.02,0.12) were all associated
with a significantly lower odds of being seropositive at T0.

On the basis of the modeling results, we developed low,
intermediate, and high-risk participant profiles for the probability
of being seropositive at T0 (Table 4). For example, participants
with the lowest probability of being seropositive at T0 were those
who were 31–38 years old, male, not a nurse or nursing assistant,
and not within six feet of someone outside of work who did not live
in their house and also reported always wearing a face covering in
public, having the “safest” risk-taking behavior, feeling that
acquiring COVID-19 was more likely than not, and having been
vaccinated (Table 4). This model also confirmed that COVID-19
vaccine status had a strong protective effect; the odds of being
seropositive were 20 times higher for unvaccinated than for
vaccinated participants. For example, if we changed the value of the
COVID-19 vaccination status variable from “vaccinated” to
“unvaccinated” for a participant with an intermediate risk profile,
the participant’s estimated probability of being seropositive
increased from 22% to 84%.

Fewer variables remained in the model that did not include
vaccination status as a candidate variable (Table 3 and
Supplementary Table 2). The results of this model were similar
to those of the model that included vaccination status, but the
associations were less strong. This model found that participants
working in units caring for patients with COVID-19 or those who
were under investigation for COVID-19 had significantly lower
odds of being seropositive at T0 than those working elsewhere (OR,
0.42; 95% CI, 0.22–0.82).

Discussion

Our study of COVID-19 seroconversions and seroreversions is
unique in that participants worked at an academic healthcare
center in a rural state and were followed for approximately 19
months. In addition, we used factor analysis and logistic regression

Table 1. Demographics for healthcare professionals who participated in the
initial screening survey and the baseline survey and serosurvey

Variable
Screening
(n = 1377)

Baseline
(n = 302)

Age (at time of consent), years

19–30 281 (20.7%) 71 (23.5%)

31–38 319 (23.5%) 77 (25.5%)

39–50 347 (25.6%) 73 (24.2%)

51–69 409 (30.2%) 81 (26.8%)

Gender

Female 1039 (76.6%) 212 (70.2%)

Male 316 (23.3%) 89 (29.5%)

Other gender 2 (0.1%) 1 (0.3%)

Race

White 1275 (94.0%) 278 (92.1%)

Asian 44 (3.2%) 12 (4.0%)

Black 15 (1.1%) 4 (1.3%)

Native American 1 (0.07%) 0 (0.0%)

Hispanic or Latinx 50 (3.7%) 20 (6.6%)

Patient care rolesa 787 (58.3%) 205 (67.9%)

Nurses/nursing assistants 279 (20.3%) 56 (18.5%)

Physicians/trainee physicians 179 (13.0%) 63 (20.9%)

Advanced practice providers 54 (3.9%) 19 (6.3%)

Non-patient care rolesb 563 (41.7%) 97 (32.1%)

Researchers 151 (11.0%) 16 (5.3%)

Administrative/clerical staff 150 (10.9%) 24 (7.9%)

“Other” roles 142 (10.3%) 24 (7.9%)

Had prior COVID-19 PCR 689 (50.2%) 195 (64.6%)

Reported prior positive COVID-19 PCR 92/689 (13.4%) 82/195 (42.1%)

PCR, polymerase chain reaction.
aTop three responses in patient care roles.
bTop three responses in non-patient care roles.
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modeling to assess risk factors for seropositivity at T0. The
modeling allowed us to develop participant profiles that identified
staff who were at a higher or lower odds of seropositivity at T0.

During the baseline period, we found that persons with higher
odds of seropositivity included those who were 19–30 years old,
were female, and were nursing staff. Other studies13,17,23 have
found that staff aged 30 or younger were at higher risk than other
groups. The younger respondents may have perceived COVID-19
to be less dangerous to their health and may have been more likely
to congregate or visit public places than older respondents.24,25 Our
finding that nursing staff had an increased odds of seropositivity at

T0 is consistent with some studies4,23,26 but contrasts with
others.17,27 The study by Jacob et al. is an example of the latter.17

Their early cross-sectional study of 24,749 healthcare workers
across four US healthcare systems found that workplace factors,
including nursing jobs, were not associated with seropositivity.17

However, given nursing staff members’ proximity to patients, they
could be at higher risk of acquiring COVID-19 particularly if
they do not have adequate access to PPE or if they do not use it
correctly. The former was documented early in the SARS-CoV-2
pandemic28,29 and the latter was a risk factor during prior
outbreaks of respiratory viruses.30

The results of our multivariable model indicated that working
in an intensive care unit (ICU) that cared for patients with
COVID-19 or another COVID-19 unit, may have been a protective
factor. This result is plausible given that the pandemic reached
Iowa later than the coasts (Supplemental Figure 2), so our ICU staff
were prepared and had adequate access to PPE during surges.
Additionally, patients needing ICU admission for COVID-19 are
usually past the early viral phase and are in the inflammatory phase
when SARS-CoV-2 transmission is less likely because upper
respiratory tract viral replication has declined.31,32 This also may
help explain why staff on COVID units and ICUs infrequently had
work-related acquisitions as most were due to social interactions,
or to patients who were admitted for other reasons during the pre-
symptomatic or early symptomatic phase of infection, and thus
were not initially recognized as transmission risks.

Table 2. Serosurvey results for healthcare professionals who participated in the T0, T3, T6, and T9 follow-up surveys

Variable T0 (n= 302) T3 (n= 286) T6 (n= 266) T9 (n= 264)

Received COVID-19 vaccine 130 (43%) 257 (89.9%) 245 (92.1%) 246 (93.2%)

1 dose 22 (16.9%) 12 (4.2%) 2 (0.8%) 1 (0.4%)

2 doses 108 (83.1%) 235 (92.7%) 204 (76.7%) 131 (49.6%)

3 doses – 10 (3.5%) 38 (14.3%) 113 (42.8%)

4 doses – – – 1 (0.4%)

History of COVID-19 PCR test since last study visit – 90 (31.5%) 55 (20.7%) 92 (34.8%)

Reported a positive result – 9 (3.1%) 3 (1.1%) 11 (4.2%)

Overall SARS-CoV-2 antibody result

Positive 77 (25.5%) 77 (26.9%) 70 (26.3%) 78 (29.5%)

Negative 216 (71.5%) 192 (67.1%) 177 (66.5%) 166 (62.9%)

Indeterminate 9 (3.0%)a 0 0 0

Filled out visit survey, did not return to clinic – 17 (5.9%) 19 (7.1%) 20 (7.6%)

New positive anti-N since last study visit – 6/198b (3.0%) 6/183b (3.3%) 14/180b (7.8%)

Positive anti-Nc 5 (1.7%) 35 (12.2%) 70 (26.3%) 78 (29.5%)

Positive anti-Sd 51 (16.9%) 213 (74.5%) 244 (91.7%) 244 (92.4%)

Household size, mean (range) 2.9 (1-8) – – –

Children living in home 100 (33.1%) – – –

Direct care to patients with COVID-19 149 (49.3%) 124 (43.4%) 102 (38.3%) 115 (43.6%)

Direct care to a patient under investigation 152 (50.3%) 105 (36.7%) 109 (41.0%) 110 (41.7%)

Close contact with a person with a confirmed COVID-19 outside the hospital 27 (8.9%) 17 (5.9%) 7 (2.6%) 20 (7.6%)

PCR, polymerase chain reaction.
aIndeterminate: positive anti-N and negative anti-S.
bParticipants who had a negative anti-N at the prior visit.
cUntil 3/22/2021, anti-S testingwas performed only on specimenswith a positive anti-N result. After this date, all specimenswere tested using both Roche and DiaSorin assays. This count reflects
the positive anti-N specimens obtained after this protocol change. See Supplementary Materials
dPositive anti-S count after protocol change in 3/2021.

Figure 1. Seroconversions during Different Phases of the Pandemic. UIHC, University
of IowaHospitals and Clinics. To assess COVID-19 seroconversion data in the context of
vaccine availability and the circulating variants, we defined the time variable shown on
the x-axis as the number of days since the first case of COVID-19 was identified in Iowa
(March 8, 2020).

4 Brianna Wright et al.

https://doi.org/10.1017/ash.2024.420 Published online by Cambridge University Press

https://doi.org/10.1017/ash.2024.420
https://doi.org/10.1017/ash.2024.420


Of note, participants with the lowest odds of seropositivity at T0
were those who always wore face coverings in public, were
vaccinated, and were not within six feet of someone outside of work
who did not live in their home. These results support the infection
prevention and public health measures recommended throughout
the pandemic.

Our seroconversion rates at T3 (3.0%) and T6 (3.3%) were low
and were similar to that reported by Papasavas et al. (2.2% at
90–196 days).19 Most seroconversions occurred during the
Omicron surge, which began in November of 2021. By this time

Figure 2. Changes in Healthcare Professionals’ Perceptions of COVID-19 Over Time.
(a). Healthcare Professionals’ Concern about Spreading COVID-19 if Infected but
Asymptomatic. (b). Healthcare Professionals’ Willingness to Visit Public Places.
(c). Healthcare Professionals’ Face Covering Use in Public Places Outside of Work.
To assess COVID-19 sentiment data in the context of vaccine availability and the
circulating variants, we defined the time variable shown on the x-axis as the number of
days since the first case of COVID-19 was identified in Iowa (March 8, 2020).

Table 3. Multivariable model to assess risk factors for SARS-CoV-2 seropositivity
at T0—includes vaccination status

Variables OR (95% CI)

Age (years)

19–30 reference

31–38 0.25 (0.10, 0.63)

39–50 0.94 (0.40, 2.22)

51–69 0.50 (0.21, 1.17)

Nurse or nursing assistant (ref = no) 2.37 (1.08, 5.19)

Safe Behavior factora 0.73 (0.55, 0.95)

Sex assigned at birth (ref = female) 0.53 (0.26, 1.09)

Within six feetb (ref = no) 2.91 (1.02, 8.33)

Wore a face covering (ref = not always) 0.36 (0.17, 0.78)

Infection Likelihood factorc 0.58 (0.41, 0.82)

Vaccination (ref = no) 0.05 (0.02, 0.12)

CI, confidence interval; OR, odds ratio; ref, reference.
aA participant’s overall risk-taking behavior in general, not specific to COVID-19.
bWere within six feet of a non-household member outside of work within the last week.
cHow likely participants thought they were to contract COVID-19.

Table 4. Participant profiles at T0

Best Case
(Lowest Risk)

Intermediate Case
(Intermediate Risk)

Worst Case
(Highest Risk)

Age 31–38 39–50 19–30

Sex Male Male Female

Nurse or nursing
assistant

Xd

Within six feeta X
Always wore a
face covering

X X

Safe Behavior
factorb

Safest Safer than Risky Riskiest

Infection
Likelihood factorc

Very Likely Possible but Not
Likely

Not at all
Likely

Vaccinated X
Probability of
being seropositive

0.0001 0.22 0.99

aWere within six feet of a non-household member outside of work within the last week.
bA participant’s overall risk-taking behavior in general, not specific to COVID-19.
cHow likely participants thought they were to contract COVID-19.
dX = participant did not have the characteristic; ✓ = participant did have the characteristic.
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everyone was eager to resume their normal lives, 90% of UIHC’s
staff members were vaccinated, mask mandates had been lifted,
and public places, including schools, were reopening. Participants
may have been less vigilant in public and in the hospital because the
severity of the disease caused by this variant was comparatively
lower than that caused by prior variants.33

Participants’ perceptions and behaviors varied with the
pandemic phase and their serological status. For example, during
the Omicron surge, respondents who were seropositive at any time
were less worried than seronegative respondents about spreading
the virus asymptomatically and about visiting public places.
Similarly, a prospective cohort study by Shoemaker et al. found
that participants who engaged in social activities similar to their
pre-pandemic activities (ie, socializing at a home indoors with
non-household members, visiting a store, and eating indoors at a
restaurant) were significantly more likely to test positive for SARS-
CoV-2 than those that did not.34

Lastly, we found that 3.49% and 6.98% of participants who had
anti-N at T0 and returned for their 6- and 9-month follow-up
visits, respectively, had seroreverted. Our 6-month seroreversion
rate was slightly lower than the 4.3% seroreversion rate found by
Fisher et al. at 6 months in 2020 (Beijing Wantai ELISA-based
SARS-CoV-2 anti-S1 domain assay).35,36 Our seroreversion rates
were notably lower than those reported by Wilkins et al. (52%
seroreversion at 6 months using the Abbott Architect or Alinity
analyzers)18 and by Papasavas et al. (39.5% seroreversion at a
median of 5.5 months using Abbott Diagnostics anti-N IgG assays
on the Architect analyzer).19 Our results are similar to that
described by Allen et al. who compared the Roche anti-N, Abbott
anti-N, and Wantai ELISA anti-S1 assays.37 The positivity rate
among HCPs in the subset who had confirmed infection based on
the Abbott IgG anti-N assay began to decline at 5.3 months, which
was earlier than observed with the Roche and Wantai assays.37

Our study has several limitations. First, fewer participants
enrolled than anticipated and some participants did not return for
follow-up visits. In addition, the seroconversion rate was low.
Consequently, we could not successfully build a longitudinal model
to characterize risk factors for seroconversion over the whole study
period. Also, relatively few employees from nonclinical services
enrolled, so we could not assess differences between clinical and
nonclinical services. Additionally, given staffing and COVID-19
policy constraints on human research, the baseline enrollment and
testing period were extended longer than anticipated.Moreover, all
data – except the anti-N and anti-S antibody test results – were
collected via survey, which could introduce recall bias for some
measures, and participants were not required to answer every
question, which could lead to gaps in the data. Furthermore, our
study population in this rural state was primarily direct patient
caregivers who were white female nursing staff, which could
decrease our findings’ generalizability to urban or more diverse
populations and limited our ability to evaluate whether results
varied by occupation and ethnicity. Finally, socioeconomic and
cultural factors, which we did not control for, may have influenced
behaviors and perceptions during the pandemic and thus
influenced seroconversion rates.

In conclusion, our study found that the public health and
infection prevention interventions implemented early in the
pandemic, including face mask use, vaccination, and social
distancing, were associated with a significantly lower odds of
SARS-CoV-2 seropositivity at T0 among employees working at an
academic medical center in a rural state. These precautions are
important, in part, because infected persons can transmit

SARS-CoV-2 and other respiratory viruses when they are
asymptomatic. In addition, these precautions are relatively easy
and inexpensive to implement. However, they were politicized
and many people, including some HCPs, have spread misinfor-
mation claiming these measures are ineffective and harmful.38,39

Therefore, we must continue educating HCPs and the public
about the ability of these measures to prevent spread of viral
respiratory pathogens, including emerging viruses, thereby
preventing illness, morbidity, mortality, and social disruption.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/ash.2024.420.
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