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Purpose: To quantify COVID-19 recurrence among clinical and nonclinical healthcare employees with 

SARS-CoV-2 IgG antibodies or prior COVID-19 infection. 

Methods: This prospective, cohort study collected and resulted SARS-CoV-2 IgG serum samples as positive 

or negative from June 8 to July 10, 2020 from a convenience sample of 16,233 adult participants employed 

by a large Midwestern healthcare system. Documented positive polymerase chain reaction test results 

representing COVID-19 infections were recorded up to four months prior to and post-IgG testing. 

Results: Nine hundred and thirteen (6.12%) participants, including 45 (4.93%) IgG positive participants, 

experienced COVID-19 infections after study initiation, representing a 51% increased risk of COVID-19 

infection among IgG positive participants (IRR = 1.51). Regressions adjusted for documented disparities 

showed no difference in COVID-19 infection by IgG status (OR = 1.19; P = .3117) but significantly greater 

odds in COVID-19 recurrence among participants with a prior documented COVID-19 infection (OR = 1.93; 

P < .0 0 01). 

Conclusions: SARS-CoV-2 IgG antibodies and prior COVID-19 infection do not appear to offer meaning- 

ful protection against COVID-19 recurrence in healthcare workers. Recurrence would impact decisions 

regarding ongoing healthcare resource utilization. This study can inform considerations for vaccine ad- 

ministration to vulnerable groups. 

© 2021 Elsevier Inc. All rights reserved. 
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ntroduction 

COVID-19 was initially thought to be an immunizing, nonrelaps- 

ng disease, but current research is mounting to suggest this is not 

he case [ 1 , 2 ]. Currently, we have limited understanding of the in-

ate and adaptive immunity to the novel SARS-CoV-2 virus [ 3 , 4 , 5 ].

nitial false assumptions of immunity, paired with a slew of treat- 
List of Abbreviations and Acronyms: EMR, Electronic Medical Records; IgG, Im- 

unoglobulin G; IRR, Incidence Rate Ratio; OR, Odds Ratio; PCR, Polymerase Chain 

eaction; RNA, Ribonucleic Acid. 
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ent and prevention challenges, served to delay efforts to recog- 

ize and understand recurrence of COVID-19, the disease manifes- 

ation of the SARS-CoV-2 virus [ 2 , 5 , 6 , 7 ]. 

SARS-CoV-2 entered a highly-susceptible human population, re- 

ulting in its rapid and uncontrollable transmission [1] . The swift 

elease of substandard polymerase chain reaction (PCR) tests to 

etect active SARS-CoV-2 ribonucleic acid (RNA) and concurrent 

idespread shortages of aforementioned tests contributed to mis- 

nderstanding recurrence potential [8] . Worldwide policies focused 

n disease containment also contributed to setbacks in document- 

ng recurrence [1] . Evidence of recurrence of COVID-19, mostly as 

ingle or small-study case reports, are just beginning to emerge. 

https://doi.org/10.1016/j.annepidem.2021.04.005
http://www.ScienceDirect.com
http://www.annalsofepidemiology.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.annepidem.2021.04.005&domain=pdf
mailto:Veronica.fitzpatrick@aah.org
https://doi.org/10.1016/j.annepidem.2021.04.005
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ecurrence of disease 

Detection of active SARS-CoV-2 RNA after clinical disease re- 

overy could indicate a multitude of scenarios, including: persis- 

ent illness, prolonged viral RNA shedding, variation in collection 

echnique, specimen handling or storage conditions affecting test 

erformance, or, most alarming, genuine recurrence of disease [5] . 

urrent research has raised two pathophysiological hypotheses un- 

erlying demonstrated COVID-19 recurrence: viral reactivation or 

iral reinfection [7] . Despite case studies offering preliminary ev- 

dence of COVID-19 recurrence from China, Korea, Italy, and the 

S [9-18] . circumstances have made it difficult to document recur- 

ence. 

First, the difference between viral reactivation and viral reinfec- 

ion is not well-defined, convoluting this area of knowledge [ 7 , 9 ].

dditionally, PCR test shortages limited SARS-CoV-2 testing, dis- 

ounting true prevalence of all infections and limiting capacity to 

nderstanding recurrence. Insufficient resources also reduced abil- 

ties to preserve or test samples for reinfection using genetic test- 

ng. Finally, experts have maintained that the immune system will 

unction as it should, developing immunity to this virus as it has 

ith prior viruses [19] . These circumstances have perpetuated be- 

iefs that COVID-19 recurrence is very rare and natural herd im- 

unity is possible [19] ; however, contradictory evidence supports 

oth the hypothesis of recurrence rarity and, in some studies, re- 

urrence commonality [20] . 

Subsequently, there remains a prominent gap in COVID-19 re- 

urrence knowledge and the role that SARS-CoV-2 antibodies may 

lay in protection against COVID-19 recurrence [ 4 , 21 ]. The asymp- 

omatic transmission of the virus has raised barriers to document- 

ng recurrence using PCR testing for active SARS-CoV-2 RNA alone 

5] . Research has asserted that serologic tests are alternative mea- 

ures of exposure where difficult to isolate or is no longer present 

18] . As COVID-19 continues to sweep the US, the use of PCR test- 

ng for COVID-19 following SARS-CoV-2 serologic test is an alterna- 

ive approach to capturing incidence of recurrence after prior ex- 

osure to or infection with the SARS-CoV-2 virus [ 5 , 7 ]. 

ocumenting SARS-CoV-2 recurrence 

Serology, or antibody, tests are one method to assess proteins 

ade by the body’s immune system to fight antigens in response 

o a prior infection [ 22 , 23 ]. A positive IgG serology test result in-

icates prior exposure to the SARS-CoV-2 virus and subsequent re- 

ponse in the form of antibody development [24] . While antibody 

resence to SARS-CoV-2 has not been evidenced to suggest any 

ength of protection from recurrence – a gap this study will at- 

empt to address – it does indicate response and recovery of prior 

xposure [20] . 

urrent study 

The immune response to COVID-19 cannot fully be understood 

ithout more data on immunity and recurrence [5] . The primary 

bjective of this study was to establish the incidence of COVID-19 

nfection, as measured by a documented positive PCR test result, 

mong healthcare employees tested for SARS-CoV-2 IgG antibod- 

es. This study will provide overall incidence of COVID-19 infection 

nd incidence rate ratio (IRR) per 100 person-days among partici- 

ants with positive IgG status relative to negative IgG status. This 

tudy will also determine adjusted odds ratios (AdjOR) of COVID- 

9 recurrence among healthcare employees using two definitions 

f prior exposure to SARS-CoV-2, including: 1) positive SARS-CoV-2 

gG status and 2) prior documented COVID-19 infection status. For 

he purposes of this study, recurrence refers to the larger umbrella 

erm encompassing reactivation and reinfection. This study will not 
9 
ttempt to delineate between reactivation and reinfection, but in- 

tead will address SARS-CoV-2 recurrence, defined as documented 

OVID-19 infection after positive IgG status (primary analysis) or 

fter prior documented COVID-19 infection (secondary analysis). 

his study builds off a prior study by the same authors that doc- 

mented disparities in seroprevalence and determined the sero- 

revalence of SARS CoV-2 IgG antibodies was 3.83% among 16,233 

ealthcare employees [25] . 

aterial and methods 

This prospective cohort study recruited healthcare employees 

cross a large Midwestern healthcare system, which consists of 

bout 70,0 0 0 employees across 26-hospitals and over 500 sites 

f care in Illinois and Wisconsin. SARS-CoV-2 IgG was measured 

n serum specimens obtained from all participants at study initia- 

ion using the SARS-CoV-2 IgG Abbott Architect assay. Performance 

haracteristics of the SARS-CoV-2 IgG assay were validated at ACL 

aboratories, determining a sensitivity of 98.7% and specificity of 

9.2% [26-29] . SARS-CoV-2 RNA, as detected by a positive PCR test 

epresenting COVID-19 infection, was measured from isolated and 

urified nasopharyngeal, oropharyngeal and nasal swab specimens 

nd obtained from individuals who met COVID-19 clinical and/or 

pidemiological criteria and opted to undergo PCR testing within 

he healthcare system using the Aptima Panther SARS-CoV-2 as- 

ay [27] . Both assays were approved for use under Emergency Use 

uthorization in US laboratories certified under the Clinical Lab- 

ratory Improvement Amendments of 1988 [29] . Prior to recruit- 

ent, this study obtained approval by the healthcare system’s In- 

titutional Review Board (#20–168E). This study was authorized to 

nroll up to 20,0 0 0 participants or complete SARS-CoV-2 IgG as- 

ays until July 10, 2020. Participants’ positive SARS-CoV-2 RNA re- 

ults were recorded by the healthcare system’s Employee Health 

epartment and collected by the research team until October 10, 

020. 

articipants 

This study enrolled and tested a convenience sample of 16,293 

articipants for SARS-CoV-2 IgG assay results between June 8, 2020 

nd July 10, 2020 and followed them until October 10, 2020 for 

ositive PCR test results representing COVID-19 infection docu- 

ented in the system’s Electronic Medical Records (EMR). This 

tudy also recorded positive PCR results up to four months prior 

o and post-SARS-CoV-2 IgG testing, which established study ini- 

iation. For study inclusion, English- and Spanish-speaking adults 

ges ≥ 18 employed by the healthcare as of the study initia- 

ion date were eligible. Team members who met study inclu- 

ion criteria and completed a lab blood draw to test for SARS- 

oV-2 IgG were participants in this study. Primary analysis (expo- 

ure is IgG status) excluded 1372 participants with a documented 

OVID-19 infection prior to study initiation ( N = 14,921). It can 

e posited that participants with positive IgG status included in 

rimary analysis experienced an asymptomatic COVID-19 infection 

r other exposure to COVID-19 that was undiagnosed or undocu- 

ented by the healthcare system. Due to the unknown relation- 

hip between prior documented COVID-19 infection and develop- 

ent (or sustainability) of SARS-CoV-2 IgG antibodies, these two 

xposures were explored separately. Secondary analysis (exposure 

s prior documented COVID-19 infection) included the entire sam- 

le ( N = 16,293). See Figure 1 for flow diagram of study partici-

ants. 
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Fig. 1. Flow diagram of prospective cohort study. 
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rocedures 

On June 6, 2020, a detailed recruitment email was sent to all 

eam members’ work email addresses. The email provided instruc- 

ions for participation in the study, including an alteration of con- 

ent and a study-specific passcode required for study registration. 

nterested team members were instructed to register for a study- 

elated IgG assay in their active online health portal. Team mem- 

ers became participants in this study once they voluntarily had 

heir blood drawn for the IgG assay, not at registration. 

ariables 

Data gathered for this study included demographics, SARS-CoV- 

 IgG assay result and any documented positive PCR test results 

or COVID-19 infection, documented in Epic, the healthcare sys- 

em’s EMR. Age was grouped into quantiles (ages 18–31; 32–41; 

2–51; 52–82) for analysis to evaluate risk by increasing age and 

o avoid underrepresentation of the oldest-age participants. Race 

ncluded White-, Black-, Asian-, or American Indian-only or Mixed- 

ace (those who identified as two or more races), with 332 (2.23%) 
10 
otal missing values. Ethnicity included Hispanic and non-Hispanic. 

ex included male and female, with one missing value. Clinical role 

ategory included COVID-clinical (participants working in a clini- 

al capacity on COVID-19 designated units), clinical (participants 

orking in a clinical capacity on a non-COVID-19 designated unit) 

r non-clinical (participants in non-clinical roles, both remote and 

n-site). Days to infection represented the number of days between 

articipants’ study initiation (i.e., day of IgG test) and their first 

ocumented COVID-19 infection after study initiation. It should 

e noted that participants could have had multiple documented 

OVID-19 infections. 

The outcome of COVID-19 infection (yes/no) represents a doc- 

mented COVID-19 infection after study initiation. Exposures in- 

lude IgG status (positive/negative) in primary analysis and COVID- 

9 infection prior to study initiation (yes/no) in secondary analysis. 

tatistical methods 

Data management and analysis were performed by the study 

esearch team and conducted using SAS statistical software (Ver- 

ion 9.4; SAS Institute, Cary, NC). 
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Univariate analyses are reported as counts (%) or means (stan- 

ard deviation) and median (interquartile range), as appropriate. 

ivariate analyses highlight variables across IgG status (exposure). 

orresponding measures of association represent differences in 

articipants who were IgG positive status relative to IgG negative 

tatus and include mean differences for days to infection and age, 

nd odds ratios (OR) for age quantiles, sex, race, ethnicity, and clin- 

cal role category. OR represents the ratio of odds of COVID-19 in- 

ection among those who were IgG positive relative to IgG negative 

t each variable level relative to the reference level of the same 

ariable. Variable reference levels were chosen based on lowest 

resumed risk. Corresponding P -values were generated from Stu- 

ent’s t -tests for continuous variables and Pearson X 

2 (or Fisher’s 

xact Tests when any cell size(s) was < 5) to represent infection 

ifferences. 

Incidence of COVID-19 infection after IgG test (outcome) was 

alculated as number of participants who experienced the outcome 

y person-days contributed to follow-up before outcome was expe- 

ienced. Logistic regressions were performed to estimate adjusted 

dds of COVID-19 infection after exposure. Adjusted logistic regres- 

ions were adjusted for IgG status in primary analysis and docu- 

ented COVID-19 infection prior to study initiation in secondary 

nalysis, as well as age (as quantiles), race, ethnicity and clinical 

ole category in both analyses. Due to a missing race variable, 332 

nd 391 participants were excluded from adjusted regressions in 

rimary and secondary analyses, respectively. 

ole of the funding source 

This study was funded internally. The healthcare system had no 

nfluence over the study design, conduct, results, or dissemination 

f findings. The authors received no direct financial support for the 

esearch, authorship, and/or publication of this article. The authors 

ave no competing interests to declare. 

esults 

Among all 14,921 total participants in the primary analyses, 

35 (3.59%) were IgG positive and 14,386 (96.41%) were IgG neg- 

tive. Overall, participants had a mean age of 42.13 (12.29), and 

he majority were female (85.54%), White (86.18%), Non-Hispanic 

94.22%), and had a clinical role within the healthcare system 

56.40%). This sample displayed a mean of 39.30 (26.65) days to 

OVID-19 infection after IgG test. See Table 1 for detailed univari- 

te and bivariate results. 

Bivariate analyses revealed statistically significant differences in 

ge quantiles, race, ethnicity, clinical role category between IgG 

ositive and negative participants, all at P < .0 0 01. These vari- 

bles were controlled for in primary and secondary adjusted anal- 

ses. Regarding days to COVID-19 infection, among the 913 partic- 

pants that experienced a COVID-19 infection after study initiation, 

n average, those who were IgG positive experienced recurrence 

.11[ −17.09,1.13] days sooner than those who were IgG negative 

 P = .0253). 

rimary analysis 

ncidence of COVID-19 infection (outcome) after IgG test (exposure) 

Among all 14,921 total participants, 913 (6.12%) experienced 

OVID-19 infections after their IgG test, contributing 35,885 total 

ays of follow-up. Of these 913 participants, 45 (4.93%) IgG pos- 

tive participants and 868 (95.07%) IgG negative participants ex- 

erienced COVID-19 infection. Incidence rate in 100 person-days 

as 2.52 for the overall sample, 3.26 for the IgG positive cohort 

nd 2.16 for the IgG negative cohort. The IRR was 1.51, indicating 
11 
1% increased risk of COVID-19 infection among IgG positive par- 

icipants relative to IgG negative participants. 

OVID-19 infection (outcome) after IgG test (exposure) 

verall sample. Among the overall sample, adjusted analyses 

howed no difference in COVID-19 infection among positive and 

egative IgG participants (OR = 1.19[0.85,1.67]; P = .3117). Age 

nd clinical role category emerged as significant predictors of 

OVID-19 infection in adjusted analyses, both at P < .0 0 01. Par- 

icipants in the oldest age quantile demonstrating significantly 

esser odds of COVID-19 infection relative to the youngest quan- 

ile (OR = 0.58[0.47,0.71], P = .0 0 05). COVID-clinical participants 

nd clinical participants had 6.41[4.87,8.45]; P < .0 0 01] times and 

.08[3.19,5.23; P < .0 0 01] times greater odds of COVID-19 infection 

elative to non-clinical participants. 

Among participants who were IgG negative, significant predic- 

ors and adjOR were similar, if not identical, to the overall adjusted 

odel findings. 

gG positive cohort. Among participants who were IgG posi- 

ive, the adjusted model demonstrated that clinical role cate- 

ory was the only remaining significant predictor of COVID-19 

nfection ( P = .0364), driven by the difference in COVID-clinical 

nd non-clinical participants. COVID-clinical participants showed 

.41[1.61,34.19; P = .0201] times greater odds of COVID-19 infection 

elative to nonclinical participants. Age was no longer a predictor 

f COVID-19 infection among IgG positive participants ( P = .1409). 

ee Table 2 for complete results of primary analyses. 

econdary analysis: COVID-19 recurrence (outcome) after COVID-19 

nfection (exposure) 

Participants with a prior documented COVID-19 infection had 

.47[2.09,2.92] times greater crude odds and 1.93[1.62,2.29] times 

reater adjusted odds of recurrence of COVID-19 (both at P < 

0 0 01). Younger age and more exposure to COVID-19 via clinical 

ole category were significant predictors of COVID-19 recurrence in 

djusted analyses, both significant at P < .0 0 01. See Table 3 for

omplete results of secondary analyses. 

onclusion 

The results of this study contribute noteworthy data regard- 

ng recurrence of COVID-19 among individuals with evidence of 

rior exposure, defined by positive SARS-CoV-2 IgG antibodies or 

rior documented COVID-19 infection. These results have critical 

mplications pertaining to immunity to the SARS-CoV-2 disease of 

OVID-19. 

Regarding IgG positive status in primary analyses, findings show 

hat crude incidence of COVID-19 recurrence is greater among 

hose who are IgG positive, with an IRR showing 51% increased risk 

ompared to those who are IgG negative. When adjusting for de- 

ographic factors and clinical role category, IgG status was not sig- 

ificant to the prediction of COVID-19 infection; instead, younger 

ge and increased work-related exposure to COVID-19 was associ- 

ted with significantly increased odds of COVID-19 infection, irre- 

pective of IgG status. 

In the secondary analysis, findings show that participants with 

 prior COVID-19 infection had 1.93–2.47 times greater odds of 

OVID-19 recurrence relative to those without a prior documented 

nfection. After adjusting for demographic factors and clinical role, 

nlike positive IgG status, having a prior COVID-19 infection re- 

ained significant to the prediction of COVID-19 recurrence, re- 

ecting nearly double the odds of recurrence. It is important 

o note that adjusted analyses with this exposure also showed 

ounger age and increased work-related exposure was associated 

ith increased odds of recurrence. Findings reveal that neither prior 
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Table 1 

Demographics of sample of healthcare employees, overall and by SARS-CoV-2 IgG status 

Variables of interest 

Overall sample 

( N = 14,921) 

IgG positive 

Status( N = 535; 3.59%) 

IgG negative 

Status( N = 14,386) 

Measure of association ∗

(95% CI) P -value 

COVID-19 Infection 913 (6.12%) 45 (4.93%) 868 (95.07%) 1.43 (1.05, 1.96) ‡ .0243 ‡ 

Days to Infection 39.30 (26.65);35.00 

(33.00) 

30.64 (21.35);28.00 

(37.00) 

39.75 (26.83);35.00 

(33.00) 

−9.11 ( −17.09, −1.13) .0253 ‡ 

Age, mean 

(SD);median (IQR) 

42.13 (12.29);41.00 

(20.00) 

40.18 (12.64);39.00 

(21.00) 

42.20 (12.27);41.00 

(21.00) 

−2.02 ( −3.11, −0.93) .0002 ‡ 

18–31 3597 (24.11%) 183 (5.09%) 3414 (94.91%) REF < .0001 † 

32–41 4121 (27.62%) 115 (2.79%) 4006 (97.21%) 0.54 (0.42, 0.68) † 

42–51 3207 (21.49%) 114 (3.55%) 3093 (96.45%) 0.69 (0.54, 0.87) ‡ 

52–82 3996 (26.78%) 123 (3.08%) 3873 (96.92%) 0.59 (0.47, 0.75) † 

Sex ( N = 14,920) 

Male 2157 (14.46%) 79 (3.66%) 2078 (96.34%) REF .8359 

Female 12,763 (85.54%) 456 (3.57%) 12,307 (96.43%) 0.97 (0.76, 1.24) 

Race ( N = 14,589) 

White only 12,573 (86.18%) 364 (2.90%) 12,209 (97.10%) REF < .0001 † 

Black only 548 (3.76%) 58 (10.58%) 490 (89.42%) 3.97 (2.97, 5.31) † 

Asian only 682 (4.67%) 40 (5.87%) 642 (94.13%) 2.09 (1.49, 2.92) † 

American Indian only 54 (0.37%) 2 (3.70%) 52 (96.30%) 1.29 (0.31, 5.32) 

Mixed 732 (5.02%) 44 (6.01%) 688 (93.99%) 2.15 (1.55, 2.96) † 

Ethnicity 

Not Hispanic 14,058 (94.22%) 480 (3.41%) 13,578 (96.59%) REF < .0001 † 

Hispanic 863 (5.78%) 55 (6.37%) 808 (93.63%) 1.93 (1.44, 2.57) † 

Clinical Role Category 

Non-clinical 4476 (30.00%) 135 (3.02%) 4341 (96.98%) REF < .0001 † 

Clinical 8416 (56.40%) 272 (3.23%) 8144 (96.77%) 1.07 (0.87, 1.32) 

COVID-clinical 2029 (13.60%) 128 (6.31%) 1901 (93.69%) 2.17 (1.69, 2.77) † 

∗ Statistical significance indicated in this column represents Wald test P -values for direct differences between the variable level relative to the reference level of 

the same variable. 
† Statistically significant at P < .0 0 01 for Pearson X 2 tests (or Fisher’s Exact test) if categorical or Student’s t -test if continuous. 
‡ Statistically significant at P < .05 or Pearson X 2 tests (or Fisher’s Exact test) if categorical or Student’s t -test if continuous. 

Table 2 

Incidence and Adjusted (AdjOR) odds ratios of COVID-19 infection, overall and by SARS-CoV-2 IgG status 

Overall sample 

( N = 14,921) 

Positive IgG status 

( N = 535) 

Negative IgG status 

( N = 14.386) 

Incidence 913 45 868 

Person-Days of F/U 35,885 1379 34,506 

IR Per 100 

Person-Days 

2.52 3.26 2.16 

Rate Ratio – 1.51 REF 

Variables of 

Interest for 

Adjusted Analysis 

Overall Sample 

( N = 14,589) 

Positive IgG Status 

( N = 508) 

Negative IgG Status 

( N = 14.081) 

AdjOR (95% CI) ∗ P -value AdjOR (95% CI) ∗ P -value AdjOR (95% CI) ∗ P -value 

IgG Status 

Negative REF .3117 – – – –

Positive 1.19 (0.85, 1.67) – –

Age Category 

18–31 REF < .0001 † REF .1409 REF < .0001 † 

32–41 0.77 (0.65, 0.92) 0.36 (0.13, 1.00) 0.79 (0.66, 0.95) 

42–51 0.68 (0.56, 0.83) 0.71 (0.30, 1.69) 0.68 (0.56, 0.84) 

52–82 0.58 (0.47, 0.71) ‡ 0.43 (0.15, 1.19) 0.59 (0.48, 0.73) ‡ 

Race 

White only REF .3389 REF .7016 REF .3824 

Black only 0.68 (0.44, 1.04) ‡ 0.44 (0.10, 0.196) 0.70 (0.45, 1.10) ‡ 

Asian only 0.96 (0.70, 1.32) 0.57 (0.13, 2.59) 1.00 (0.72, 1.38) 

American Indian 

only 

1.74 (0.68, 4.51) – 1.87 (0.72, 4.86) 

Mixed 1.01 (0.75, 0.36) 0.57 (0.16, 2.00) 1.05 (0.77, 1.42) 

Ethnicity 

Not Hispanic REF .5776 REF .5752 REF .4419 

Hispanic 0.92 (0.68, 1.24) 1.35 (0.48, 3.80) 0.88 (0.64, 1.22) 

Clinical Role 

Category 

Non-clinical REF < .0001 † REF .0364 ‡ REF < .0001 † 

Clinical 4.08 (3.19, 5.23) † 5.87 (1.35, 25.59) 4.04 (3.14, 5.19) † 

COVID-clinical 6.41 (4.87, 8.45) † 7.41 (1.61, 34.19) ‡ 6.44 (4.87, 8.53) † 

∗ Statistical significance indicated in this column represents Wald test p-values for direct differences between the variable level relative to the reference level of 

the same variable. 
† Statistically significant at P < .0 0 01. 
‡ Statistically significant at P < .05. 
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Table 3 

Crude and Adjusted (AdjOR) Odds Ratios of COVID-19 Infection by Prior COVID-19 Exposure. 

Variables of Interest Crude ( N = 16,293) Adjusted ( N = 15,902) 

OR (95% CI) ∗ P -value AdjOR (95% CI) ∗ P -value 

Prior COVID-19 Exposure 

No REF < .0001 † REF < .0001 † 

Yes 2.47 (2.09, 2.92) † 1.93 (1.62, 2.29) † 

Age Category 

18–31 REF < .0001 † REF < .0001 † 

32–41 0.69 (0.59, 0.80) 0.80 (0.68, 0.93) 

42–51 0.54 (0.46, 0.65) ‡ 0.71 (0.59, 0.85) 

52–82 0.41 (0.34, 0.49) † 0.61 (0.50, 0.74) ‡ 

Race ( N = 15,902) 

White only REF .0364 ‡ REF .1629 

Black only 0.66 (0.45, 0.98) ‡ 0.66 (0.45, 0.99) ‡ 

Asian only 1.14 (0.87, 1.50) 0.97 (0.73, 1.27) 

American Indian only 1.63 (0.70, 3.80) 1.80 (0.75, 4.32) 

Mixed 1.28 (0.99, 1.65) 1.10 (0.85, 1.42) 

Ethnicity 

Not Hispanic REF .2893 REF .5254 

Hispanic 1.14 (0.89, 1.46) 0.92 (0.70, 1.20) 

Clinical Role Category 

Non-clinical REF < .0001 † REF < .0001 † 

Clinical 4.82 (3.82, 6.07) † 4.15 (3.27, 5.26) † 

COVID-clinical 7.49 (5.81, 9.64) † 5.90 (4.54, 7.68) † 

∗ Statistical significance indicated in this column represents Wald test P -values for direct differences between 

the variable level relative to the reference level of the same variable. 
† Statistically significant at P < .0 0 01. 
‡ Statistically significant at P < .05. 
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xposure to SARS-CoV-2, as indicated by positive IgG status, nor prior 

nfection with COVID-19 appear to be protective and, instead, are ev- 

denced to increase likelihood of COVID-19 recurrence. This is espe- 

ially true among healthcare workers who are younger and have more 

ork-related exposure. 

iscussion 

Unexpectedly, this study demonstrated that prior SARS-CoV-2 

xposure and antibody development did not result in decreased 

isk for subsequent COVID-19 infection. Conversely, the IRR of 

OVID-19 infection was 51% higher among participants who tested 

ositive for SARS CoV-2 IgG in the prior four months. Due to the 

nexpected findings of our primary analysis, we sought to confirm 

his with a separate exposure. Because positive IgG status does not 

ecessarily indicate prior COVID-19, our secondary analysis looked 

t documented history of COVID-19 infection within four months 

f study initiation. Participants with a prior documented COVID-19 

nfection, irrespective of IgG status, showed increased likelihood of 

OVID-19 recurrence, even when controlling for evidenced dispar- 

ties in COVID-19 infection. 

Our findings provide evidence of two things: first, COVID-19 in- 

ection is occurring among individuals with positive antibodies and 

 documented history of infection and second, immunity is short- 

asting, if occurring at all. Incorporating results from both analy- 

es, if there is a lingering assumption of immunity from COVID-19 

fter prior infection, this study negates this postulation. Further- 

ore, prior exposure or infection appears to increase likelihood of 

ecurrence. This result corroborates the conclusion from the pri- 

ary study endpoint – prior infection by or exposure to SARS CoV-2 

oes not reduce the risk of subsequent COVID-19 infection . 

trengths 

This prospective study enrolled and followed a large cohort of 

ndividuals to determine incidence of recurrence of COVID-19, the 

argest cohort of individuals monitored for subsequent COVID-19 

nfection to date. This study offered free IgG testing, which elim- 

nated a well-documented barrier to testing in vulnerable popula- 
13 
ions. This study utilized two objective exposure measures – IgG 

est status and prior COVID-19 infection status – to more com- 

rehensively document potential for recurrence. The healthcare 

ystem-affiliated lab performed all IgG tests using the same assay 

nd methods; furthermore, given the large size and breadth of the 

ealth system conducting this study, it is likely that most, if not 

ll, assays for COVID-19 infection were performed within system- 

ffiliated labs, resulting in performance and reporting consistency. 

ll data was stored in the EMR and extracted by the system’s An- 

lytics Team, resulting in data collection consistency. 

imitations 

There are several limitations to this study that could not be 

ircumvented. This study’s focus was on recurrence and, thus, did 

ot address the relationship between documented prior COVID-19 

nfection and IgG status. It is important to note that individuals 

ith no prior documented infection, and thus categorized as no 

xposure in secondary analysis, may not have a negative exposure 

istory, but instead did not have RNA testing performed or docu- 

ented, at all or at a system-affiliated lab. 

mplications 

Given the changing landscape of the COVID-19 outbreak, this 

aper provides much needed data to the emerging body of litera- 

ure. This paper’s COVID-19 recurrence findings may suggest a cou- 

le scenarios, one behavioral and one biological. First, it is possible 

hat, after receiving antibody test results, individuals with positive 

gG status behaved more recklessly by exposing themselves to po- 

ential infection sooner and more frequently, due to a misconcep- 

ion of immunity. Alternatively, individuals with positive IgG status 

ay be more susceptible to COVID-19 infection due to their IgG 

tatus or a previous COVID-19 infection. 

Considering these two potential scenarios, public health effort s 

hould continue to widely disseminate the importance of infection- 

revention measures, including but not limited to social distancing, 

ask-wearing, and hand hygiene. Furthermore, messaging should 

onvey that previous exposure to SARS-CoV-2 or prior infection 
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vices . 
ith COVID-19 does not ensure immunity to subsequent COVID-19 

nfections. Without immunity, individuals are capable of spreading 

he disease and resource utilization still requires vigilance. Lastly, 

nd perhaps most importantly, natural herd immunity appears un- 

chievable, so policy effort s should challenge this narrative and ad- 

ocate for universal vaccine uptake, when available. 
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