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Abstract

Objective: To determine the changes in severe acute respiratory coronavirus virus 2 (SARS-CoV-2) serologic status and SARS-CoV-2 infection
rates in healthcare workers (HCWs) over 6-months of follow-up.

Design: Prospective cohort study.

Setting and participants: HCWs in the Chicago area.

Methods: Cohort participants were recruited inMay and June 2020 for baseline serology testing (Abbott anti-nucleocapsid IgG) and were then
invited for follow-up serology testing 6 months later. Participants completed monthly online surveys that assessed demographics, medical
history, coronavirus disease 2019 (COVID-19), and exposures to SARS-CoV-2. The electronic medical record was used to identify
SARS-CoV-2 polymerase chain reaction (PCR) positivity during follow-up. Serologic conversion and SARS-CoV-2 infection or possible
reinfection rates (cases per 10,000 person days) by antibody status at baseline and follow-up were assessed.

Results: In total, 6,510 HCWs were followed for a total of 1,285,395 person days (median follow-up, 216 days). For participants who had
baseline and follow-up serology checked, 285 (6.1%) of the 4,681 seronegative participants at baseline seroconverted to positive at
follow-up; 138 (48%) of the 263 who were seropositive at baseline were seronegative at follow-up.When analyzed by baseline serostatus alone,
519 (8.4%) of 6,194 baseline seronegative participants had a positive PCR after baseline serology testing (4.25 per 10,000 person days).
Of 316 participants who were seropositive at baseline, 8 (2.5%) met criteria for possible SARS-CoV-2 reinfection (ie, PCR positive >90 days
after baseline serology) during follow-up, a rate of 1.27 per 10,000 days at risk. The adjusted rate ratio for possible reinfection in baseline
seropositive compared to infection in baseline seronegative participants was 0.26 (95% confidence interval, 0.13–0.53).

Conclusions: Seropositivity in HCWs is associated with moderate protection from future SARS-CoV-2 infection.

(Received 28 April 2021; accepted 29 July 2021; electronically published 9 August 2021)

A recent study in the United Kingdom reported that healthcare
workers (HCWs) with serologic evidence of previous natural
infection with severe acute respiratory coronavirus virus 2
(SARS-CoV-2) are at an ∼90% lower risk for coronavirus disease
2019 (COVID-19) over 6-months of follow-up.1 In fact, some
observations suggest that natural infection may provide similar
protection to vaccination in preventing future reinfection.2

However, studies reporting low rates of SARS-CoV-2 infection
in seropositive individuals, including HCWs, may not be general-
izable to other countries or regions because of different admixtures
of SARS-CoV-2 clades, underlying population infection rates, and
mitigation policies that may affect exposures related to primary
infection and reinfection rates.

Understanding the risks for reinfection is particularly pertinent
to US HCWs, who have been at very high risk for COVID-19, with
473,705 cases and 1,559 deaths as of April 22, 2021.3 Not only do
HCWs have significant risk due to repeated patient-facing expo-
sures and performing high-risk procedures, they are also at signifi-
cant risk for community exposure to SARS-CoV-2.4,5 In addition,
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although vaccination has been available to HCWs, intentions to get
vaccinated vary due to concerns over adverse effects of the vaccine
and perceived immunity following natural infection. In fact,
reports of plans to obtain the vaccine range from 53% to 80%,6

which suggests that a significant portion of HCWs will remain
at risk for COVID-19 despite available vaccines. Therefore, pre-
dicting SARS-CoV-2 infection rates among unvaccinated HCWs
with and without a history of SARS-CoV-2 infection is important
as clinicians and public health officials develop strategies to contain
COVID-19 while maintaining a sufficient healthcare work force.

Here, we describe the 6-month SARS-CoV-2 infection rates in
HCWs with and without serologic evidence of prior infection and
examine change in antibody status over time. We hypothesized the
following: (1) antibody seroreversion (seropositive to seronegative
during follow-up) would be common; (2) seropositivity at baseline
would be associated with a lower rate of PCR positivity for SARS-
CoV-2 than observed in baseline seronegative HCWs; and (3) rates
of possible reinfection (ie, a PCR-positive result that occurs >90
days after a positive serology result at baseline) observed will be
substantially higher than those recently reported in the United
Kingdom over 6 months of follow-up.1

Methods

Study design and population

We conducted a prospective cohort study with HCWs recruited
in May and June of 2020 from Northwestern Medicine.
NorthwesternMedicine is an academic healthcare system compris-
ing 10 hospitals, 18 immediate-care centers, and 325 outpatient
practices in the Chicago metropolitan area. The largest hospital
in the health system is in downtown Chicago, whereas the
other 9 regional centers are in the western, northwestern, and
northern suburbs of Chicago. Affiliated outpatient practices
and immediate-care centers are in downtown Chicago and the
surrounding suburbs.

Details of the study and recruitment techniques have been
reported previously.4 Briefly, HCWs were invited to participate
in a cohort study of SARS-CoV-2 serology and COVID-19 risk
and after providing written consent, participants were invited to
undergo serology testing between May 26 and July 10 (baseline)
and then between November 9 and January 8, 2021 (follow-up).
Participants completed a self-report survey at baseline that
assessed demographic characteristics, occupational group, partici-
pation in specific occupational tasks, symptoms, and community
exposure to COVID-19. After the baseline survey, participants
were sent monthly surveys to ascertain new diagnoses, symptoms,
or COVID-19 test results. Participant outcomes were also
followed in the electronic health record (EHR), which allowed
for identification of diagnoses and PCR results for COVID-19
and COVID-19–related outcomes. PCR test frequency was
determined by EHR review and survey response including reasons
for each test (as reported by the participant). Possible reinfection
cases in participants who were seropositive at baseline were
adjudicated by EHR review (J.T.W., L.H., and B.T.).

Laboratory analysis

Seropositivity for SARS-CoV-2 was evaluated using the SARS-
CoV-2 IgG assay on the high-throughput ARCHITECT i2000SR
Immunoassay System from Abbott Laboratories (Abbott Park,
IL) for samples obtained between May 26 and July 10 and on
the Abbott Alinity Immunoassay System for samples obtained

between November 9 and January 8, 2021. Concordance across
the two analyzers was verified following the College of
American Pathologist (CAP) guidelines and by the study team
using 20 positive and 20 banked negative serum samples from
baseline with 100% concordance. The SARS-CoV-2 IgG
ARCHITECT and Alinity assays are semiquantitative, chemilumi-
nescent, microparticle immunoassays that identify whether human
serum or plasma have IgG antibodies to SARS-CoV-2 nucleocap-
sid antigen. Samples tested were determined to be seropositive or
seronegative based on these assays. Performance characteristics for
this assay are reported to be 100% positive agreement at ≥14 days
after symptom onset in those with confirmed COVID-19 and
99.6% negative agreement in those without COVID-19.7 The risks
for incident COVID-19 by IgG as determined using this assay were
roughly equivalent when compared to a noncommercially avail-
able anti-spike assay in a cohort from Oxford, England.1

Definitions

Antibody serostatus for SARS-CoV-2 at baseline was defined as
being seropositive or seronegative based on laboratory results
for IgG antibody response. Change in serologic status from
baseline to follow-up was assigned to 1 of 4 mutually exclusive
groups: seropositive to seropositive (persistently positive),
seropositive to seronegative (seroreversion), seronegative to sero-
negative (persistently negative), and seronegative to seropositive
(incident seropositive)

Incident SARS-CoV-2 infection was defined as a positive PCR
in the EHR in participants who were seronegative at baseline.
Participants who were seronegative at baseline were considered
at risk for SARS-CoV-2 infection from baseline until the end of
follow-up or until their first positive PCR test.8–10 Stricter criteria
for SARS-CoV-2 infection, heretofore referred to as “possible
reinfection” in participants who were seropositive at baseline were
used to minimize misclassification and to enhance exclusion of
persistent viral shedders. Thus, participants who were seropositive
at baseline were considered to be at risk for possible reinfection
90 days after their antibody test until the end of follow-up
(January 8, 2021) or to the first positive PCR test plus 1 or more
of the following characteristics: in-home exposure to someone
infected with SARS-CoV-2, consistent symptoms, or a physician
diagnosis of active infection.1,10 The 90-day window was used to
minimize the identification of cases with persistent viral shedding
and to remain consistent with the CDC time frame for definition of
possible reinfection.11

Statistical analysis

Baseline antibody serostatus (seropositive or seronegative) and
change in serologic status from baseline to follow-up was used
to describe participant characteristics, reasons for PCR testing
and average number of PCR tests per participant, and outcomes
of SARS-CoV-2 infection or reinfection risk. Only participants
who completed both the baseline and follow-up exams were
included in the change in serologic status analysis (Fig. 1).

Separate logistic regression analyses were used to assess the
associations between change in serostatus between baseline and
follow-up blood draws and demographics, occupation group,
and community exposure to COVID-19. Odds ratios (ORs) and
95% confidence intervals (CIs) were calculated.

Rates of SARS-CoV-2 infection in previously seronegative indi-
viduals or possible reinfection in baseline seropositive individuals
were calculated as the number of incident infections or possible
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reinfection divided by the total number of person days followed
and reported per 10,000 person days at risk. Rates were calculated
by baseline serostatus and the 4 serology status groups: incident
seropositive, persistently seropositive, persistently seronegative,
and seroreversion. Unadjusted incidence rate ratios (IRRs) and
95% CIs were calculated comparing serologic groups. Adjusted
IRRs and 95% CIs were calculated using Poisson regression;
IRRs were adjusted for covariates that predicted baseline serologic
status within the cohort (age, sex, race, and occupation) to isolate
the relative “effect” of baseline serostatus on SARS-CoV-2 infec-
tion risk in HCWs.

Sensitivity analyses

To assess the effect of different case definitions in seronegative and
seropositive participants, a sensitivity analysis was conducted in
which participants who were seronegative at baseline were consid-
ered at risk for COVID-19 infection starting 90 days after their
baseline antibody test until end of follow-up (January 8, 2021)
or until their first positive PCR.

Results

Participant characteristics and follow-up

In total, 6,510 participants enrolled in the cohort at baseline in
the Spring of 2020, of whom 4,947 (76%) returned for follow-up
serology testing (Fig. 1). In total, participants were followed for
1,285,395 person days (median, 216 days).

Participant characteristics overall and by baseline serology
status are shown in Table 1. The sample mean age was 41 years
(SD, 12). The cohort was 79.6% female, 74.9% White, 7.3%
Latinx, and 3.1% non-Hispanic Black. Moreover, 15.1% of the
cohort was obese, 12.3% had hypertension, and 2.9% had diabetes
mellitus, 2.5% reported immunosuppression at baseline. Most
participants were registered nurses, followed by physicians, admin-
istrators, and other occupation groups.

The characteristics of participants who completed the baseline
but not the follow-up serology testing are presented in

Supplementary Table 1 (online). When compared to those who
did not return for follow-up serology testing, the group that
returned for follow-up testing was slightly older, had 5% more
women, had ∼7% more non-Hispanic white individuals, had a
2% higher rate of hypertension, and had slightly more registered
nurses and administrators and fewer physicians.

Change in serostatus from baseline to follow-up

Of those who completed follow-up serology (n= 4,947), 88.9%
remained persistently seronegative, 5.8% persistently seropositive,
2.6% had incident seropositivity (seronegative to seropositive), and
2.8% seroreverted from being seropositive to seronegative
(Table 2). When compared to seronegative participants, sero-
positive participants were more likely to be younger, of non-
Hispanic Black and Latinx race or ethnicity, to work as a nurse,
to report a home exposure to COVID-19, to have symptoms
consistent with COVID-19, and to have a history of a positive
COVID-19 test (Table 2).

Among participants who were seronegative at baseline in the
spring of 2020, 285 (6.1%) seroconverted to positive during the fol-
low-up in the fall of 2020. Among the 266 who were seropositive at
baseline, 138 (52%) seroreverted to negative in the follow-up fall
blood draw (Fig. 1, panel B). In multivariable adjusted logistic
regression models, no demographic, occupational, or exposure
characteristics were associated with seroreversion during
follow-up. However, lower semiquantitative antibody titer (index
value) was significantly associated with seroreversion (OR, 2.14;
95% CI, 1.76–2.66) per 1-unit lower semiquantitative titer.

SARS-CoV-2 infection or possible reinfection by baseline
antibody status

During the entire study period (May 26, 2020–January 8, 2021),
58.5% of the 6,510 participants at baseline reported or had evidence
in their EHR of PCR testing during the study period at least once:
58.6% of seronegative participants and 42.1% of seropositive
participants at baseline. Reasons for testing among HCWs
reporting a PCR test included symptoms (32.7%), contact with

Fig. 1. Cohort design and analysis flow chart. (A) Analysis of PCR positivity rate by baseline serology status. (B) Analysis of serology status at baseline and by follow-up serology
status. Of the 6,510 participants who enrolled at baseline, 4,947 returned for follow-up serology testing 6 months later. (C) PCR positivity rate by baseline and follow-up
serology status groups.
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Table 1. Participant Characteristics and Outcomes By Baseline Serologic Status for All Enrolled Individuals

Characteristic Overall, No. (%) Negative, No. (%) Positive, No. (%)

Total 6,510 6,194 316

Age, y

18–29 1,304 (20.0) 1,207 (19.5) 97 (30.7)

30–39 2,208 (33.9) 2,111 (34.1) 97 (30.7)

40–49 1,368 (21.0) 1,308 (21.1) 60 (19.0)

50–59 1,042 (16.0) 995 (16.1) 47 (14.9)

≥60 588 (9.0) 573 (9.3) 15 (4.7)

Sex

Female 5,180 (79.6) 4,924 (79.5) 256 (81.0)

Male 1,330 (20.4) 1,270 (20.5) 60 (19.0)

Race

Asian 634 (9.7) 605 (9.8) 29 (9.2)

Hispanic/Latino 477 (7.3) 431 (7.0) 46 (14.6)

Multiracial 136 (2.1) 130 (2.1) 6 (1.9)

Non-Hispanic Black 201 (3.1) 184 (3.0) 17 (5.4)

Non-Hispanic White 4,877 (74.9) 4,665 (75.3) 212 (67.1)

Other/Didn’t answer 185 (2.8) 179 (2.9) 6 (1.9)

Diabetes

Yes 191 (2.9) 177 (2.9) 14 (4.4)

No 6,189 (95.1) 5,888 (95.1) 301 (95.3)

NA 130 (2.0) 129 (2.1) 1 (0.3)

Obesity

Yes 982 (15.1) 939 (15.2) 43 (13.6)

No 5,382 (82.7) 5,111 (82.5) 271 (85.8)

NA 146 (2.2) 144 (2.3) 2 (0.6)

Hypertension

Yes 800 (12.3) 773 (12.5) 27 (8.5)

No 5,581 (85.7) 5,296 (85.5) 285 (90.2)

NA 129 (2.0) 125 (2.0) 4 (1.3)

Immunocompromised

Yes 164 (2.5) 155 (2.5) 9 (2.8)

No 6,148 (94.4) 5,842 (94.3) 306 (96.8)

Didn’t answer 198 (3.0) 197 (3.2) 1 (0.3)

Occupation

Registered nurse 1,794 (27.6) 1,657 (26.8) 137 (43.4)

Medical doctor 1,260 (19.4) 1,219 (19.7) 41 (13.0)

Administrative role 904 (13.9) 870 (14.0) 34 (10.8)

Other occupation 2,552 (39.2) 2,448 (39.5) 104 (32.9)

Patient contact

Yes 3,425 (52.6) 3,228 (52.1) 197 (62.3)

No 729 (11.2) 698 (11.3) 31 (9.8)

Unsure 23 (0.4) 23 (0.4) 0 (0.0)

Didn’t answer 2,333 (35.8) 2,245 (36.2) 88 (27.8)

Exposure outside healthcare setting

No 1,175 (23.8) 1,138 (24.4) 37 (13.9)

Unsure 1,457 (29.5) 1,387 (29.7) 70 (26.3)

(Continued)

1210 John T. Wilkins et al

https://doi.org/10.1017/ice.2021.367 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2021.367


an infected person (19.5%), provider recommendation (15.5%),
work or school surveillance (14.2%), and “other” (18.1%).
Among 6,510 HCWs, 550 (8.4%) in the study had a positive
PCR result for SARS-COV-2.

When analyzed by serostatus at baseline, 519 (8.4%) of 6,194
seronegative participants had a positive PCR after serology testing,
representing a SARS-CoV-2 infection rate of 4.25 per 10,000 days
at risk (95% CI, 3.89–4.63) (Fig. 1, panel A). Among the
316 participants who were seropositive at baseline, 20 participants
had positive PCR results during follow-up. Among those, 8 (2.5%)
met the study criteria for possible reinfection, representing
a possible reinfection rate of 1.27 per 10,000 days at risk (95%
CI, 0.55–2.51). Of these 8 baseline seropositive participants,
5 had a negative PCR between their baseline serology and the
positive PCR result and none reported a history of immuno-
suppression. Among these 8 cases of possible reinfection during
follow-up, 5 were asymptomatic and no cases were severe
(Table 3). Overall, participants who were seropositive at baseline
had a lower risk for possible reinfection than the rate for infection
that was observed in participants who were seronegative at base-
line. The unadjusted and adjusted incidence rate ratios were
0.30 (95% CI, 0.15–0.60) and 0.26 (95% CI, 0.13–0.53) for partic-
ipants who were seropositive at baseline compared with those who
were seronegative at baseline, respectively.

In the sensitivity analyses, in which seronegative participants
were not eligible for infection until 90 days or more following their
serology result, the possible reinfection rate was 6.7%. The rate of
infection per 10,000 days at risk (excluding the initial 90 days of
follow-up) was 3.72 (95% CI, 3.39–4.08).

SARS-CoV-2 infection by baseline and follow-up
antibody status

When analyzed by baseline and follow-up serology status (exclud-
ing the 2,114 who enrolled at baseline but did not attend follow-up
serology testing) 208 of 4,396 participants (2.20 per 10,000 days at

risk; 95% CI, 1.91–2.52) who were persistently seronegative
developed SARS-CoV-2 infection during follow-up (Fig. 1).
Of the 128 persistently seropositive participants, 4 had a possible
reinfection during follow-up (1.45 per 10,000 days at risk; 95% CI,
0.40–3.72) and 4 of the 138 participants (1.35 per 10,000 days
at risk; 95% CI, 0.37–3.45) who seroreverted had a possible
SARS-CoV-2 reinfection during follow-up.

Discussion

In a cohort of HCWs in Chicago metropolitan area, participants
with detectable antibodies against SARS-CoV-2 at baseline
had rates of possible SARS-CoV-2 infection over 6 months of
follow-up that were ∼26% of those observed in persistently
seronegative participants, suggesting partial protection from
COVID-19 infection for 6 months or more after initial infection.
Loss of detectable antibody was common during the 6 months
follow-up but was not associated with significantly higher rates
of possible reinfection than those who were persistently sero-
positive. Similar to other reports of reinfection in HCWs, all cases
of possible reinfection that we observed in seropositive HCWs
were not severe.1

Rates of COVID-19 infection in HCWs are strongly driven by
community exposure to SARS-CoV-2.4 Unsurprisingly, we
observed an increased rate of incident COVID-19 within the
cohort during months in which COVID-19 rates were surging
in the Chicago metropolitan area.12 The rates for detected PCR
positivity across antibody groups in seropositive and seronegative
participants in our study were higher than those reported for
HCWs in the United Kingdom.1,13 However, the case–rate ratios
(indicating the relative effect of antibody positive status) do not
appear to be significantly different between our study and those
reported in the UK study, but the power to detect differences in
case–rate ratios between studies is limited due to the low overall
event rate for possible reinfection reported in both studies (2 in
the United Kingdom and 8 in our study).1 Differences observed

Table 1. (Continued )

Characteristic Overall, No. (%) Negative, No. (%) Positive, No. (%)

Yes, definitely 1,571 (31.8) 1,455 (31.1) 116 (43.6)

Yes, I think so 736 (14.9) 693 (14.8) 43 (16.2)

Index value, spring, median (IQR) 0.03 (0.02–0.07) 0.03 (0.02–0.06) 4.77 (3.14–6.34)

Index value, winter, median (IQR) 0.03 (0.02–0.08) 0.03 (0.02–0.06) 1.28 (0.64–2.31)

PCR tests per person

0 2,747 (42.2) 2,564 (41.4) 183 (57.9)

1 1,877 (28.8) 1,797 (29.0) 80 (25.3)

2 1,006 (15.5) 977 (15.8) 29 (9.2)

3 454 (7.0) 444 (7.2) 10 (3.2)

4 216 (3.3) 208 (3.4) 8 (2.5)

≥5 210 (3.2) 204 (3.3) 6 (1.9)

PCR positive during follow-up 527 (8.1) 519 (8.4) 8 (2.5)*

Duration between serology and positive PCR, median d (IQR) 216.00 (206.00–219.00) 216.00 (205.00–219.00) 217.00 (209.75–218.00)

PCR positive cases per 10,000 person days (95% CI) 4.1 (3.76–4.47) 4.25 (3.89–4.63) 1.27 (0.55–2.51)

Note. IQR, interquartile range; CI, confidence interval; PCR, polymerase chain reaction assay; NA, not available.
aPositive 90 days or more after baseline serology plus 1 or more of the following clinical criteria: consistent symptoms, in-home infected contact, physician diagnosis of
reinfection.

Infection Control & Hospital Epidemiology 1211

https://doi.org/10.1017/ice.2021.367 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2021.367


Table 2. Characteristics and Outcomes of Participants with Repeated Testing by Baseline and Follow-Up Serology Status

Characteristic
Overall
No. (%)

Persistently
Seronegative,

No. (%)

Incident
Seropositive,

No. (%)

Persistently
Seropositive,

No. (%)
Seroreversion,

No. (%)

Total 4,947 4,396 285 128 138

Age, y

18–29 914 (18.5) 772 (17.6) 62 (21.8) 37 (28.9) 43 (31.2)

30–39 1,609 (32.5) 1,442 (32.8) 91 (31.9) 31 (24.2) 45 (32.6)

40–49 1,078 (21.8) 964 (21.9) 60 (21.1) 23 (18.0) 31 (22.5)

50–59 877 (17.7) 780 (17.7) 53 (18.6) 28 (21.9) 16 (11.6)

≥60þ 469 (9.5) 438 (10.0) 19 (6.7) 9 (7.0) 3 (2.2)

Sex

Female 4,006 (81.0) 3,542 (80.6) 244 (85.6) 107 (83.6) 113 (81.9)

Male 941 (19.0) 854 (19.4) 41 (14.4) 21 (16.4) 25 (18.1)

Race

Asian 472 (9.5) 426 (9.7) 18 (6.3) 12 (9.4) 16 (11.6)

Hispanic/Latino 331 (6.7) 265 (6.0) 27 (9.5) 25 (19.5) 14 (10.1)

Multiracial 89 (1.8) 79 (1.8) 5 (1.8) 3 (2.3) 2 (1.4)

Non-Hispanic Black 137 (2.8) 116 (2.6) 9 (3.2) 5 (3.9) 7 (5.1)

Non-Hispanic White 3,797 (76.8) 3,412 (77.6) 207 (72.6) 80 (62.5) 98 (71.0)

Other/Didn’t answer 121 (2.4) 98 (2.2) 19 (6.7) 3 (2.3) 1 (0.7)

Diabetes

Yes 146 (3.0) 124 (2.8) 9 (3.2) 9 (7.0) 4 (2.9)

No 4,715 (95.3) 4,197 (95.5) 265 (93.0) 119 (93.0) 134 (97.1)

Didn’t answer 86 (1.7) 75 (1.7) 11 (3.9) 0 (0.0) 0 (0.0)

Obesity

Yes 740 (15.0) 655 (14.9) 48 (16.8) 22 (17.2) 15 (10.9)

No 4,108 (83.0) 3,654 (83.1) 226 (79.3) 105 (82.0) 123 (89.1)

Didn’t answer 99 (2.0) 87 (2.0) 11 (3.9) 1 (0.8) 0 (0.0)

Hypertension

Yes 640 (12.9) 580 (13.2) 36 (12.6) 12 (9.4) 12 (8.7)

No 4,226 (85.4) 3,748 (85.3) 239 (83.9) 116 (90.6) 123 (89.1)

Didn’t answer 81 (1.6) 68 (1.5) 10 (3.5) 0 (0.0) 3 (2.2)

Immunocompromised

Yes 132 (2.7) 116 (2.6) 7 (2.5) 4 (3.1) 5 (3.6)

No 4,673 (94.5) 4,150 (94.4) 266 (93.3) 124 (96.9) 133 (96.4)

Didn’t answer 142 (2.9) 130 (3.0) 12 (4.2) 0 (0.0) 0 (0.0)

Occupation

Registered nurse 1,405 (28.4) 1,177 (26.8) 111 (38.9) 57 (44.5) 60 (43.5)

Medical doctor 919 (18.6) 852 (19.4) 34 (11.9) 15 (11.7) 18 (13.0)

Administrative role 732 (14.8) 667 (15.2) 34 (11.9) 16 (12.5) 15 (10.9)

Other occupation 1,891 (38.2) 1,700 (38.7) 106 (37.2) 40 (31.2) 45 (32.6)

Patient contact

Yes 3,425 (69.2) 3,040 (69.2) 188 (66.0) 93 (72.7) 104 (75.4)

No 729 (14.7) 661 (15.0) 37 (13.0) 16 (12.5) 15 (10.9)

Unsure 23 (0.5) 22 (0.5) 1 (0.4) 0 (0.0) 0 (0.0)

Didn’t answer 770 (15.6) 673 (15.3) 59 (20.7) 19 (14.8) 19 (13.8)

(Continued)
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in absolute PCR-positive rates between our study and others may
be due to differences in the background rate of HCW exposure
occurring in the community and while delivering care (due to local
COVID-19 case rates, population density, and behavioral charac-
teristics) and the uptake of PCR testing.

Our study represents, to our knowledge, the only report of
infection rates, relative rates, and outcomes by serologic status
of HCWs in the United States. The only other population-level
estimates of reinfection risk in the United States come from an
analysis of pooled data from central laboratory testing centers
and claims data which reported very low occurrence of PCR
positivity >90 days after a preceding positive PCR test (rates of
positive tests to negative after 90 days= 0.1).14 However, unlike
our study, the methodology employed in this study did not provide
infection rates, nor as the authors point out, was it appropriate to
infer relative risks from that analysis. Our study highlights data
from a largemidwesternmetropolitan area, which was underrepre-
sented in the previous study.14 Our analysis also included data
through the second surge of COVID-19 (September through late
December 2020) and information on clinical outcomes associated
with reinfection.14

The only significant predictor of seroreversion was the semi-
quantitative antibody titer at baseline, suggesting that the baseline
titer predicts the rate at which IgG levels are attenuated. However,
we observed similar risks for infection in the seroreversion group as

was seen in the persistently seropositive group. Further study of
this relationship between antibody level and resistance to infection
is needed as maintaining immunity in HCWs, ensuring high
vaccination rates, and maintaining effective infection prevention
activities in the workplace will be important for potential surges
due to variants of SARS-CoV-2 and preservation of the healthcare
workforce.

This study included the largest closed cohort of HCWs in the
midwestern United States with >6 months of follow-up, allowing
for estimates of SARS-CoV-2 infection incidence as well as the
ability to assess the demographic, occupational, environmental,
and behavioral factors associated with rates of infection. However,
this study had some important limitations. First, PCR testing was
not performed systematically on cohort participants. All PCR
results included in this study are from passive surveillance of
the electronic health record, which could result in a detection bias.
Nonetheless, the estimates reported provide a real-world estimate
of observed SARS-CoV-2 infection rates in a US-based healthcare
system. Only 32.7% of those tested reported getting tested for
COVID-19–related symptoms. Thus, a substantial degree of
surveillance in asymptomatic cohort participants was present.
The rates of testing were different across serology groups, with
subsequent testing in seropositive participants lower than observed
in seronegative participants at baseline. This factor could have
resulted in a bias toward underdetection of SARS-CoV-2 in

Table 2. (Continued )

Characteristic
Overall
No. (%)

Persistently
Seronegative,

No. (%)

Incident
Seropositive,

No. (%)

Persistently
Seropositive,

No. (%)
Seroreversion,

No. (%)

Exposure outside healthcare setting

No 1,175 (23.8) 1,102 (25.1) 36 (12.6) 14 (10.9) 23 (16.7)

Unsure 1,457 (29.5) 1,334 (30.4) 53 (18.6) 34 (26.6) 36 (26.1)

Yes, definitely 1,571 (31.8) 1,286 (29.3) 169 (59.3) 63 (49.2) 53 (38.4)

Yes, I think so 736 (14.9) 666 (15.2) 27 (9.5) 17 (13.3) 26 (18.8)

Index value, spring, mean (SD) 0.31 (1.14) 0.06 (0.12) 0.06 (0.14) 5.75 (1.82) 3.72 (1.35)

Index value, winter, mean (SD) 0.41 (1.23) 0.07 (0.14) 4.50 (1.91) 2.87 (1.43) 0.68 (0.36)

PCR tests per person

0 2,020 (40.8) 1,829 (41.6) 37 (13.0) 80 (62.5) 74 (53.6)

1 or more 2,927 (59.2) 2,567 (58.4) 248 (87.0) 48 (37.5) 64 (46.4)

Average PCR tests per person, mean (SD) 1.18 (1.49) 1.18 (1.50) 1.61 (1.31) 0.69 (1.31) 0.86 (1.38)

PCR tests per person

0 2,020 (40.8) 1,829 (41.6) 37 (13.0) 80 (62.5) 74 (53.6)

1 1,434 (29.0) 1,245 (28.3) 122 (42.8) 29 (22.7) 38 (27.5)

2 783 (15.8) 685 (15.6) 75 (26.3) 11 (8.6) 12 (8.7)

3 362 (7.3) 319 (7.3) 33 (11.6) 3 (2.3) 7 (5.1)

4 177 (3.6) 159 (3.6) 11 (3.9) 3 (2.3) 4 (2.9)

≥5 171 (3.5) 159 (3.6) 7 (2.5) 2 (1.6) 3 (2.2)

PCR test status

No positive test after serology 4,520 (91.4) 4,188 (95.3) 74 (26.0) 124 (96.9) 134 (97.1)

PCR positive after serology 427 (8.6) 208 (4.7) 211 (74.0) 4 (3.1) 4 (2.9)

Follow-up time, mean d (SD) 215.35 (7.21) 215.34 (7.25) 215.88 (6.69) 214.91 (7.19) 214.91 (6.89)

Rate, cases/10,000 days at risk 4.01 (3.64–4.41) 2.2 (1.91–2.52) 34.29 (29.82–39.25) 1.45 (0.4–3.72) 1.35 (0.37–3.45)

Note. PCR, polymerase chain reaction assay; IQR, interquartile range; SD, standard deviation.
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Table 3. Characteristics of SARS-CoV-2 Infection Cases During Follow-Up Among Participants Who Were Seropositive at Baseline

Case
No.

Age
Range, y Sex

Spring
Serology
Index
Valuea

Fall
Serology
Index
Valuea Intercurrent Negative PCR Result?

Days Between Spring
Serology Result and

PCRþ Result

In-Home
Exposure for
Possible
Reinfection

Possible
Reinfection:
Symptoms

Reason for PCR
Test

Clinical or Work-Related
Consequences of Possible Reinfection

1 30–40 F 3.73 4.3 Yes, 1 negative PCR between
serology and positive PCR

212 Domestic partner
was Positive

Asymptomatic Test completed
to clear for
return to work

Home quarantined ×14 d prior to
returning to work

2 50–60 F 1.92 1.51 Yes, 1 negative PCR between
serology and positive PCR

179 Unknown Congestion and
loss of taste and
smell

Tested for
symptoms

Home quarantined ×14 d prior to
returning to work

3 20–30 F 2.37 0.29 Yes, 1 negative PCR between both
positive PCR, positive serology and
second positive PCR

137 Yes Sore throat,
congestion ×10 d

Tested for
symptoms

Home quarantined ×14 d prior to
returning to work

4 20–30 F 6.01 2.13 Yes, 1 negative PCR between
serology and positive PCR

129 Roommate
positive

Asymptomatic Test completed
to clear for
return to work.

Home quarantined ×14 d prior to
returning to work

5 20–30 F 2.32 3.36 No 124 Exposed to family
member who was
positive

Asymptomatic Test completed
to clear for
return to work

Home quarantined ×14 d prior to
returning to work

6 50–60 F 3.42 0.64 Yes, negative test between positive
serology and positive serology

109 Unknown Congestion and
sore throat

Tested for
symptoms

Home quarantined ×14 d prior to
returning to work

7 30–40 F 3.89 0.54 No 103 Domestic partner
was positive.

Asymptomatic Test completed
to clear for
return to work

Home quarantined ×14 d prior to
returning to work

8 30–40 F 5.02 1.17 No 95 Unknown Asymptomatic Tested before
procedure

Evaluated by ID physician who
recommended positive PCR be
interpreted as a new infection.
Procedure delayed 1 mo until after
repeated PCR was negative

Note. PCR, polymerase chain reaction assay; ID, infectious diseases.
aIndex value represents semiquantitative titer. Values ≥ to 1.4 are considered positive.

1214
John

T.W
ilkins

et
al

https://doi.org/10.1017/ice.2021.367 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/ice.2021.367


seropositive participants. Nevertheless, we report substantially
higher rates than have been reported elsewhere, so this bias,
if present, does not invalidate the central inference of this analysis
that HCWs with serologic evidence of natural infection may have
ongoing risks for infection within 6 months of the baseline
serology. Second, not all COVID-19 serology assays have been
vigorously evaluated in population-based samples, so suboptimal
sensitivity or specificity could affect accuracy of results in deter-
mining serostatus at baseline and follow-up. However, in previous
work, the case rate by serostatus was the same whether Abbott or
an anti-spike assay was used.1 Third, we defined possible reinfec-
tion as a PCR test that occurred >90 days after a positive serology
result. Some of the cases we report as a possible reinfection could be
due to prolonged viral shedding. However, the mean follow-up
time between serology test and PCR positive result was 116 days,
much longer than has been reported in the literature as the expected
duration for prolonged viral shedding.9,15–18 Furthermore, 5 of the
8 individuals who were positive had an intercurrent negative PCR
test, suggesting that viral clearance had occurred.

In summary, in this cohort of HCWs in and around a major
metropolitan center with substantial burden of COVID-19, sero-
logic evidence of previous infection was associated with ∼74%
lower rates of SARS-CoV-2 infection (new or possible reinfection)
over 6 months of follow-up. Further study is needed to determine
whether new infection with SARS-CoV-2 in seropositive individ-
uals leads to severe disease, contagion, or long-term sequalae.
Meanwhile, the risks for possible reinfection that we observed in
seropositive participants support growing evidence against infer-
ring that all individuals who are seropositive following infection
have protective immunity. Policy makers and clinicians should
expect continued infection risks in HCWs with a history of
COVID-19, and these risks should be communicated to those
who are unsure whether they want to proceed with vaccination.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2021.367
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