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Background: As vaccine supply and access remain limited in many parts of the world, understanding the 

duration of protection from reinfection after natural infection is important. 

Methods: Distinct individuals testing positive and negative for SARS-CoV-2 between March 6, 2020, and 

August 31, 2020, in Kentucky, USA, were identified using the Kentucky National Electronic Disease Surveil- 

lance System. Individuals were followed for occurrence of a positive test for SARS-CoV-2 from 91 days 

after their initial test result through December 31, 2020. Protection from reinfection provided by a prior 

infection was calculated and additional analyses evaluated impact of age, sex, symptom status, long-term 

care facility connection, testing occurrence and frequency, and time from initial infection. 

Results: The protective effect from prior infection was 80.3% (95% CI, 78.2%–82.2%) for those aged 20–

59 years and 67.4% (95% CI, 62.8%–71.4%) for those aged ≥60 years. At 30-day time periods through 270 

days (with limited exceptions), protection was estimated to be > 75% for those aged 20–59 years and 

> 65% for those aged ≥60 years. Factors associated with repeat positive testing included a connection to a 

long-term care facility, duration of potential exposure, and absence of symptoms during initial infection. 

Conclusions: Natural infection provides substantial and persistent immunologic protection for a period 

of several months for most individuals, although subpopulations may be at greater risk of repeat posi- 

tive testing and potential poor outcomes associated with reinfection. These subgroups include individuals 

aged ≥60 years, residents and staff of long-term care facilities, and those who have mild or asymp- 

tomatic illness with initial infection. Continued emphasis on vaccination and infection prevention and 

control strategies remains critically important in reducing the risk of reinfection and associated severe 

outcomes for these groups. 

Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Worldwide, as of November 12, 2021, there have been over 

51 million infections and more than five million deaths associ- 

ted with severe acute respiratory syndrome coronavirus-2 (SARS- 

oV-2), the virus that causes coronavirus disease-2019 (COVID-19) 
✩ Disclaimer: The findings and conclusions in this report are those of the authors 

nd do not necessarily represent the official position of the CDC or the Kentucky 

epartment for Public Health. 
∗ Corresponding author: 275 E. Main St., Frankfort, KY, USA 

E-mail address: nyf2@cdc.gov (K.B. Spicer). 
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 World Health Organization, 2021 ). Protective immunity after nat- 

ral infection with SARS-CoV-2 has not been fully elucidated. As 

accine supply and access remain limited in many parts of the 

orld, understanding the duration of protection from reinfection 

fter natural infection is important, as is obtaining additional in- 

ormation regarding the impact of host factors such as age, sex, 

nd setting of work or residence. 

Immunity from reinfection with seasonal coronaviruses is 

nown to be limited ( Edridge et al., 2020; Kellam and Barclay, 

020 and Barclay), while antibodies that develop after infection 

ith coronaviruses that are closely related to SARS-CoV-2 (i.e., 

ARS-CoV and MERS-CoV) may last ≥2 years ( Kellam and Barclay, 
ses. This is an open access article under the CC BY-NC-ND license 
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020; Mo et al., 2006; Payne et al., 2016 ). Studies of healthcare 

orkers in the United Kingdom have suggested 84%–92% protec- 

ion for up to 7 months after initial infection with SARS-CoV-2 

 Hall et al., 2021; Lumley et al., 2020 ). A study from Denmark esti-

ated protection from reinfection of 78%–82% overall, but reported 

hat this decreased to 47% in those aged ≥65 years ( Hansen et al.,

021 ). The current study aimed to provide an estimate of protec- 

ive immunity against reinfection after initial infection with SARS- 

oV-2 in a United States subpopulation (i.e., state of Kentucky), 

ith consideration of the impact of age, sex, association with a 

ong-term care facility (LTCF), symptom status at time of initial in- 

ection, duration of potential time for exposure, and testing fre- 

uency. 

ethods 

Kentucky emergency regulation requires that results of all test- 

ng for SARS-CoV-2 be reported to the Kentucky Department for 

ublic Health (KDPH). These results are either submitted electron- 

cally or via fax, and are entered into the Kentucky National Elec- 

ronic Disease Surveillance System (NEDSS). Results are reported 

or both nucleic acid amplification tests (NAATs; e.g., polymerase 

hain reaction [PCR]) and antigen tests. Additionally, upon iden- 

ification of a positive result, case investigation, with interview, is 

erformed and additional data are entered into NEDSS as available. 

emographic characteristics (e.g., age, sex) and other available data 

ithin the NEDSS system, including symptom status at the time of 

nitial infection, connection to an LTCF, and performance of addi- 

ional testing, are imported into a REDCap database for manage- 

ent. 

Early in the pandemic, Kentucky relied upon the Centers for 

isease Control and Prevention (CDC) for PCR testing of those who 

ere symptomatic and had known travel or exposure placing them 

t risk of infection. Subsequently, the state public health laboratory 

alidated the CDC testing protocol and began testing within the 

tate. As testing was expanded to include contacts of known cases 

nd then those living in areas of increased transmission, so was 

he number of laboratories offering PCR testing. A variety of plat- 

orms were utilized for testing, with validation being performed in 

ollaboration with the state laboratory prior to official reporting of 

esults. By July of 2020, testing was available to anyone in Ken- 

ucky, regardless of symptoms or exposure status, and all were en- 

ouraged to receive testing. Drive-through specimen collection for 

o-cost PCR testing, as an adjunct to more traditional testing, was 

ade available across the state by state and local public health and 

y corporate partners in collaboration with the state. Antigen tests 

ere not utilized until late in July, and during the period of March 

hrough August 31, 2020, < 0.1% of tests performed were antigen 

ests. Use of antigen tests increased during the remainder of 2020, 

ut never accounted for more than 6% of the tests performed in 

ny given month. Results of at-home tests, unless virtually proc- 

ored, were not accepted into the reporting system. 

The NEDSS system was queried for distinct individuals testing 

ositive for SARS-CoV-2 between March 6, 2020, and August 31, 

020, and for distinct individuals having at least one negative test 

nd no subsequent positive result within 90 days during the same 

ime period. Because medical facilities and external testing facili- 

ies both report SARS-CoV-2 laboratory test results, duplicate tests 

ere removed by reviewing names, dates of birth, NEDSS identifi- 

ation numbers, test date, test type, and test result. Additional pos- 

tive tests within 90 days of an initial positive were disregarded. 

or those individuals having more than one negative test during 

he time period, the initial negative test was the referent. Indi- 

iduals from the positive testing group who died within 90 days 

f initial positive test result were excluded from analyses. Both 

roups were then followed through December 31, 2020, for occur- 
22 
ence of a subsequent positive test > 90 days after the initial pos- 

tive or negative test result. ∗ The test-negative comparison group 

as utilized in an attempt to reduce the potential impact of test 

ype, test-seeking behavior, and reason for testing (e.g., screening 

ersus diagnostic testing), as both groups would have had simi- 

ar access and requirements for testing and would have had spec- 

mens tested using similar platforms. Protection from reinfection 

rovided by a prior positive test was derived from the relative risk 

f a positive test result for those with a history of infection ver- 

us those with no such history ([1-RR] x 100). Analyses included 

dults aged ≥20 years, and individuals were grouped into the fol- 

owing age categories: 20–39, 40–49, 50–59, 60–69, 70–79, 80 + 

ears, with summary younger (20–59) and older ( ≥60 years) age 

roups also included. 

To provide context, monthly case incidence rates per 10 0,0 0 0 

opulation were calculated for those aged ≥20 years for each 

onth, June through December. Additionally, as testing frequency 

ould impact the identification of positive test results, the num- 

er of tests performed > 90 days after the initial positive test was 

valuated by age group, sex, and association with an LTCF. 

In an additional analysis, the rate of infection was calculated 

or the two groups per 10 0,0 0 0 person-days of exposure. Days of 

otential exposure started on the 91 st day after the initial test re- 

ult and accumulated until the date of a positive specimen, date 

f death (if known), or until December 31, 2020, whichever came 

rst. Since duration of follow-up was dependent upon date of ini- 

ial positive (or negative) test, analysis of protective effect rela- 

ive to time from initial test was also performed. This included 

raphical illustration of time to positive result by use of event-free 

urvival curves. Time period analysis included individuals who re- 

ained in follow-up at that time. 

To further understand risk of reinfection, analyses were per- 

ormed using factors considered to be potentially associated with 

einfection and for which data were available. Unadjusted and ad- 

usted relative risks were estimated using log-binomial regression 

ith simultaneous entry of the variables of interest, which in- 

luded age group ( ≥60 versus 20–59 years), sex (female versus 

ale), month of initial infection (March–June versus July–August), 

ymptom status (asymptomatic versus symptomatic or unknown 

uring initial infection), testing after 90 days (one or more versus 

o test prior to the repeat positive), and connection with an LTCF 

yes versus no, including both residents and staff). Additional anal- 

ses were performed after stratification by LTCF connection. Statis- 

ical analyses were performed using R (version 4.1.0, R Foundation 

or Statistical Computing). 

esults 

Through December 31, 2020, positive test results were obtained 

 90 days after an initial positive test for 593 (1.4%) of the 41,647 

istinct Kentucky residents aged ≥20 years who tested positive 

or SARS-CoV-2 from March 6, 2020, through August 31, 2020. For 

08,521 distinct individuals with a negative test result and no sub- 

equent positive result within 90 days, 31,842 (6.3%) tested positive 

 90 days after the initial negative test. Less than 14% of the pos- 

tive results during the follow-up period were from antigen tests, 

ith a larger percentage from those with no history of prior infec- 

ion (14%) as compared with those with a history of prior infection 

8%). Monthly incidence rates for Kentucky during the months of 

une through December ranged from 136 cases per 10 0,0 0 0 popu- 

ation in June to 1,530 cases per 10 0,0 0 0 in November. 

Overall, individuals aged ≥20 years with no history of a positive 

ARS-CoV-2 test result were 4.4 (95% CI, 4.1–4.8) times as likely to 

ave a positive test result compared with those with previous in- 

ection ( Table 1 ). This corresponds to a protective effect of 77.3% 

95% CI, 75.4%–79.0%) provided by prior infection. For individuals 
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Table 1 

Protection from repeat positive test > 90 days after initial infection and repeat positive test results per 10 0,0 0 0 person-days exposure, June–December, 2020, Kentucky, USA. 

Population 

and age 

group 

No history of infection a History of infection b No history of 

infection 

versus history 

of infection 

RR (95% CI) 

Estimated 

protection 

from repeat 

positive (95% 

CI) c 

Number at 

risk 

Number 

positive (%) 

Person-days 

exposure d 
Infection 

rate e 
Number at 

risk 

Number 

positive (%) 

Person-days 

exposure d 
Infection 

rate e 

All (female and male) 

20–39 173,522 10,162 (5.9%) 14,630,087 69.5 17,815 194 (1.1%) 1,479,352 13.1 5.4 

(4.7–6.2) 

81.4 

(78.6–83.9) 

40–49 79,321 4,829 (6.1%) 7,083,308 68.2 7,291 94 (1.3%) 636,749 14.8 4.7 

(3.9–5.8) 

78.8 

(74.1–82.7) 

50–59 87,493 4,987 (5.7%) 8,000,157 62.3 6,807 81 (1.2%) 594,563 13.6 4.8 

(3.9–6.0) 

79.1 

(74.0–83.2) 

60–69 84,353 4,399 (5.2%) 7,954,388 55.3 5,004 77 (1.5%) 435,004 17.7 3.4 

(2.7–4.2) 

70.5 

(63.1–76.4) 

70–79 54,375 3,474 (6.4%) 5,164,484 67.3 2,810 70 (2.5%) 249,843 28.0 2.6 

(2.0–3.2) 

61.0 

(50.8–69.1) 

80 + 29,457 3,991 (13.5%) 2,716,514 146.9 1,920 77 (4.0%) 179,230 43.0 3.4 

(2.7–4.2) 

70.4 

(63.1–76.3) 

All (female and male) 

20 + 508,521 31,842 (6.3%) 45,548,938 69.9 41,647 593 (1.4%) 3,574,741 16.6 4.4 

(4.1–4.8) 

77.3 

(75.4–79.0) 

20–59 340,336 19,978 (5.9%) 29,713,552 67.2 31,913 369 (1.2%) 2,710,664 13.6 5.1 

(4.6–5.6) 

80.3 

(78.2–82.2) 

60 + 168,185 11,864 (7.1%) 15,835,386 74.9 9,734 224 (2.3%) 864,077 25.9 3.1 

(2.7–3.5) 

67.4 

(62.8–71.4) 

Female 

20 + 297,915 20,446 (6.9%) 26,836,350 76.2 22,154 373 (1.7%) 1,890,933 19.7 4.1 

(3.7–4.5) 

75.5 

(72.8–77.8) 

20–59 201,763 12,965 (6.4%) 17,790,862 72.9 16,708 227 (1.4%) 1,409,252 16.1 4.7 

(4.2–5.4) 

78.9 

(75.9–81.4) 

60 + 96,152 7,481 (7.8%) 9,045,488 82.7 5,446 146 (2.7%) 481,681 30.3 2.9 

(2.5–3.4) 

65.5 

(59.5–70.7) 

Male 

20 + 210,606 11,396 (5.4%) 18,712,588 60.9 19,493 220 (1.1%) 1,683,808 13.1 4.8 

(4.2–5.5) 

79.1 

(76.2–81.7) 

20–59 138,573 7,013 (5.1%) 11,922,690 58.8 15,205 142 (0.9%) 1,301,412 10.9 5.4 

(4.6–6.4) 

81.5 

(78.2–84.4) 

60 + 72,033 4,383 (6.1%) 6,789,898 64.6 4,288 78 (1.8%) 382,396 20.4 3.3 

(2.7–4.2) 

70.1 

(62.7–76.1) 

Abbreviations: RR, relative risk; CI, confidence interval; F, female; M, male; SARS-CoV-2, severe respiratory syndrome coronavirus-2 
a Individuals who had at least one negative test for SARS-CoV-2 and no subsequent positive result within 90 days during the time period March 6, 2020 through August 

31, 2020 
b Individuals who had a positive PCR or antigen test for SARS-CoV-2 during the time period March 6, 2020 through August 31, 2020 
c Calculated as (1-(1/RR of no history of infection versus history of infection)) x 100 or (1-RR of history of infection versus no history of infection) x 100 
d For each individual, person-days of exposure began on day 91 after the referent initial positive or negative test and accumulated until a positive test result or until 

December 31, 2020, whichever came first 
e Rate of infection per 10 0,0 0 0 person-days of exposure 
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ged 20–59 years, those without a history of infection were 5.1 

95% CI, 4.6–5.6) times as likely to have a positive test when com- 

ared with those with a history of infection, giving a protective 

ffect of 80.3% (95% CI, 78.2%–82.2%) from prior infection. For indi- 

iduals aged ≥60 years, those without a history of infection were 

.1 (95% CI, 2.7–3.5) times as likely to have a positive test when 

ompared with those with a history of infection, giving a protective 

ffect of 67.4% (95% CI, 62.8%–71.4%) provided by prior infection. 

The infection rate for those aged ≥20 years with no history 

f infection was 69.9 cases per 10 0,0 0 0 person-days of exposure 

 Table 1 ). Among the same age group with a history of infection,

he infection rate was 16.6 cases per 10 0,0 0 0 person-days, which 

as a reduction of 76%. For those with history of infection, the rate 

er 10 0,0 0 0 person-days of exposure increased with age, with the 

owest rate among those aged 20–39 years (13.1 cases per 10 0,0 0 0

erson-days exposure) and the highest rate among those aged ≥80 

ears (43.0 cases per 10 0,0 0 0 person-days exposure). 

Event (positive test)-free survival was consistently better for 

hose with a history of infection compared with those with no his- 

ory of infection ( Figure 1 , Table 2 ). Although those with a history

f infection aged ≥60 years were consistently more likely to have 

n event after an initial positive test relative to those aged 20–59 

ears, protection was maintained in comparison with those with 

o history of infection throughout the period of follow-up. Of the 
23 
93 repeat positive tests, the largest percentage (33.1%, n = 196) was 

btained during days 91–120. This was true for both the younger 

20–59) and older ( ≥60 years) age groups. 

The mean number of negative tests obtained from 90 days 

fter the initial positive test until the repeat positive test re- 

ult was 1.8 (SD 4.1, median = 0) for those aged 20–59 and 3.1 

SD 4.4, median = 1) for those aged ≥60 years (P < 0.001, t -test;

 < 0.001, Mann-Whitney non-parametric test). The mean number 

f negative tests obtained was 2.5 (SD 4.3, median = 0) for females 

nd 1.9 (SD 4.2, median = 0) for males (P = 0.103, t -test; P = 0.021,

ann-Whitney non-parametric test). The mean number of nega- 

ive tests obtained was 4.8 (SD 5.4, median = 3) for those associ- 

ted with LTCFs and 0.5 (SD 1.6, median = 0) for those not asso- 

iated with LTCFs (P < 0.0 01, t -test; P < 0.0 01, Mann-Whitney non-

arametric test). A larger proportion of individuals with an initially 

ositive test between March 6 and August 31, 2020, had no follow- 

p testing performed from day 91 after the initial positive result 

hrough the follow-up period in comparison with those identified 

ith a negative test during the baseline period ( Figure 2 ). 

In analysis of factors associated with repeat positive tests re- 

ults > 90 days after an initial positive test, unadjusted relative 

isks were significant for all at P < 0.001 ( Table 3 ). After adjusting

or covariates, a repeat positive test result was most strongly asso- 

iated with having a connection to a long-term care facility. Those 
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onnected to an LTCF were 4.4 times as likely to have a repeat pos- 

tive test compared with those without a known connection to an 

TCF. Those who were reported to have no symptoms with initial 

nfection were 2.3 (95% CI, 1.9–2.8) times as likely to have a re- 

eat positive test compared with those who reported symptoms 

r for whom symptom status was unknown. Those with initial in- 

ection between March 6 and June 30 were 1.6 (95% CI, 1.4–1.9) 

imes as likely to have a repeat positive test compared with those 

ith initial infection in July or August. Repeat positive test results 

ere obtained from 292/13,504 (2.2%) of those initially infected in 

arch–June and in 301/28,143 (1.1%) of those initially infected in 

uly–August. Relative risks for age, sex, and testing after 90 days 

id not maintain statistical significance after adjusting for covari- 

tes. These factors were all strongly associated with LTCF desig- 

ation. Females made up 72% of those associated with LTCFs, but 

1% of those who were not associated with an LTCF. Additionally, 
24 
0% of those associated with an LTCF were aged ≥60 years, while 

9% of those not associated with an LTCF were in the older age 

roup. Lastly, while 67% of those associated with LTC had at least 

ne negative test prior to their repeat positive test result, the same 

as true for 19% of those not associated with an LTCF. 

When stratifying by connection to LTCF, both symptom status 

nd time period of initial infection were significantly associated 

ith a repeat positive test result after adjusting for covariates. In 

he group without connection to LTC, sex and any negative testing 

fter 90 days from the initial positive test were additionally asso- 

iated with a repeat positive test ( Table 3 ). 

iscussion 

In Kentucky, 41,647 individuals identified with a SARS-CoV-2 

nfection between March 6, 2020, and August 31, 2020, were fol- 
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Table 2 

Protection from repeat positive test by time from initial (positive – history of infection or negative – no history of infection) test by age category, June–December, 2020, 

Kentucky, USA. 

Days from 

initial test 

No history of infection a History of infection b No history of 

infection 

versus history of 

infection RR (95% 

CI) 

Estimated 

protection 

from repeat 

positive 

(95% CI) c 
Number 

at risk d 
Repeat 

positive(%) 

Number 

at risk Positive(%) 

All 20 + years of age 

91–120 

508,521 

8,002 (1.57%) 41,647 196 (0.47%) 3.3 (2.9–3.9) 70.1 (65.6–74.0) 

121–150 

500,414 

9,341 (1.87%) 41,429 165 (0.40%) 4.7 (4.0–5.5) 78.7 (75.1–81.7) 

151–180 

374,624 

7,878 (2.10%) 27,359 107 (0.39%) 5.4 (4.4–6.5) 81.4 (77.5–84.6) 

181–210 

222,120 

4,337 (1.95%) 14,198 72 (0.51%) 3.9 (3.1–4.9) 74.0 (67.2–79.4) 

211–240 

116,800 

1,763 (1.51%) 8,954 40 (0.45%) 3.4 (2.5–4.6) 70.4 (59.5–78.4) 

241–270 33,629 444 (1.32%) 4,873 13 (0.27%) 4.9 (2.9–8.6) 79.8 (65.0–88.4) 

271–300 10,382 77 (0.74%) 1,335 0 (0%) — —

20–59 years of age 

90–120 

340,336 

5,373 (1.58%) 31,913 125 (0.39%) 4.0 (3.4–4.8) 75.2 (70.4–79.2) 

121–150 

334,960 

5,869 (1.75%) 31,785 107 (0.34%) 5.2 (4.3–6.3) 80.8 (76.8–84.1) 

151–180 

245,160 

4,651 (1.90%) 20,986 57 (0.27%) 7.0 (5.4–9.1) 85.7 (81.4–89.0) 

181–210 

136,489 

2,556 (1.87%) 10,533 45 (0.43%) 4.4 (3.3–5.9) 77.2 (69.5–83.0) 

211–240 69,929 1,144 (1.64%) 6,497 25 (0.38%) 4.3 (2.9–6.3) 76.6 (65.2–84.2) 

241–270 22,803 322 (1.41%) 3,446 10 (0.29%) 4.9 (2.6–9.1) 79.5 (61.6–89.1) 

271–300 7,965 63 (0.79%) 912 0 (0%) — —

60 + years of age 

90–120 

168,185 

2,629 (1.56%) 9,734 71 (0.73%) 2.1 (1.7–2.7) 53.3 (41.0–63.1) 

121–150 

165,454 

3,472 (2.10%) 9,644 58 (0.60%) 3.5 (2.7–4.5) 71.3 (62.9–77.9) 

151–180 

129,464 

3,227 (2.49%) 6,373 50 (0.78%) 3.2 (2.4–4.2) 68.5 (58.4–76.2) 

181–210 85,631 1,781 (2.08%) 3,665 27 (0.74%) 2.8 (1.9–4.1) 64.6 (48.3–75.7) 

211–240 46,871 619 (1.32%) 2,457 15 (0.61%) 2.2 (1.3–3.6) 53.8 (23.0–72.3) 

241–270 10,826 122 (1.13%) 1,427 3 (0.21%) 5.4 (1.7–16.8) 81.3 (41.4–94.1) 

271–300 2,417 14 (0.58%) 423 0 (0%) — —

a Individuals who had at least one negative test for SARS-CoV-2 and no subsequent positive result within 90 days during the time period March 6, 2020 through August 

31, 2020 
b Individuals who had a positive PCR or antigen test for SARS-CoV-2 during the time period March 6, 2020 through August 31, 2020 
c Calculated as (1-RR of history of infection versus no history of infection) x 100 
d Included individuals who remained in follow-up during the time period and had not already tested positive during the follow-up 

l

p

N

t

t

s

(  

s

e

w

t

m

i

t

a

i

(  

e

t

a

(  

n

w

p

r

s

r

i

b

s

n  

2  

2

a

s

q

f

p

i

w

owed through December 31, 2020, and 593 (1.4%) had a repeat 

ositive test collected > 90 days after the initial positive result. 

atural infection with SARS-CoV-2 was shown to provide protec- 

ion from a repeat positive test result. Overall protection was es- 

imated to be 77.3% for those aged ≥20 years, which was very 

imilar to estimates reported from Denmark and the United States 

 Hansen et al., 2021 ; Sheehan et al, 2021 ). Although the current

tudy found a reduction in protection for older individuals, with 

stimated protection of 67.4% for those aged ≥60 years compared 

ith 80.3% for those aged 20–59 years, the reduction in protec- 

ion was not as dramatic as that noted in the study from Den- 

ark ( Hansen et al., 2021 ), where estimated protection was 47.1% 

n those aged ≥65 years. 

A decline in protection with age was further illustrated by 

he rate per 10 0,0 0 0 days exposure, with rates increasing with 

ge. Older individuals have been shown to have a less robust 

mmunologic response to both natural infection and vaccination 

 Bajaj et al., 2021 ; Canaday et al., 2021 ; Simon et al., 2015 ). Less

ffective immune response and dysregulation of the inflamma- 

ory response have been implicated in the more severe outcomes 

ssociated with infection with SARS-CoV-2 in older individuals 
25 
 Moderbacher et al., 2020 ; Zhou et al., 2020 ). Age, however, was

ot noted to be associated with a repeat positive test among those 

ith a history of infection when accounting for other measured 

otential associated factors. 

This study also noted a slightly lower protective effect of natu- 

al infection among females, which was in contrast to the Danish 

tudy ( Hansen et al., 2021 ). Differences in age and sex effects may 

eflect testing of a larger number of older individuals, the major- 

ty of them female, in the current study. Although females have 

een found to have more vigorous and effective immunologic re- 

ponses to a number of viruses, there is evidence that this may 

ot be the case for SARS-CoV-2 ( Gadi et al., 2020 ; Grzelak et al.,

021 ; Markmann et al, 2021 ; Takahashi et al., 2020 ; Zeng et al.,

020 ). For example, Markmann et al., 2020 noted that neutralizing 

ntibody levels were higher in males than females. In the present 

tudy, there were potential confounding effects of age, testing fre- 

uency, and association with LTCFs, and with adjustment for these 

actors, female sex was not associated with greater risk of a re- 

eat positive test ( Table 3 ). However, when considering only those 

ndividuals with no known connection to an LTCF, an association 

ith female sex and occurrence of a repeat positive test result was 
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Table 3 

Factors associated with risk of repeat positive test > 90 days after initial positive result, with 95% confidence intervals, June–

December, 2020, Kentucky, USA 

Variable Repeat positive test Unadjusted estimates Adjusted estimates 

Yes(n = 593) No(n = 41,054) RR 95% CI RR 95% CI 

Age a 1.99 1.69-2.34 0.96 0.80–1.16 

60 + 224 (37.8) 9,510 (23.2) 

20–59 369 (62.2) 31,544 (76.8) 

Sex b 1.49 1.27–1.76 1.17 0.99–1.39 

Female 373 (62.9) 21,781 (53.1) 

Male 220 (37.1) 19,273 (46.9) 

Month of initial infection c 2.02 1.72–2.37 1.60 1.36–1.88 

March–June 292 (49.2) 13,212 (32.2) 

July–August 301 (50.8) 27,842 (67.8) 

Symptom status d 3.43 2.89–4.05 2.31 1.93–2.75 

Asymptomatic 196 (33.1) 5,047 (12.3) 

Symptoms or unknown 397 (66.9) 36,007 (87.7) 

Testing after 90 days e 2.86 2.44–3.45 1.20 0.99–1.45 

≥1 test 239 (40.3) 7,640 (18.6) 

No test 354 (59.7) 33,414 (81.4) 

LTCF f 6.67 5.56–7.69 4.35 3.45–5.26 

Yes 247 (41.7) 3,878 (9.4) 

No 346 (58.3) 37,176 (90.6) 

Associated with LTCF (n = 4,125) (n = 247) (n = 3,878) 

Age 1.10 0.86–1.42 0.93 0.72–1.21 

60 + 153 (61.9) 2,304 (59.4) 

20–59 94 (38.1) 1,574 (40.6) 

Sex 0.94 0.73–1.24 0.96 0.74–1.26 

Female 175 (70.9) 2,798 (72.2) 

Male 72 (29.1) 1,080 (27.8) 

Month of initial infection 1.32 1.04–1.69 1.36 1.06–1.74 

March–June 137 (55.5) 1,866 (48.1) 

July–August 110 (44.5) 2,012 (51.9) 

Symptom status 1.89 1.48–2.40 1.93 1.51–2.47 

Asymptomatic 110 (44.5) 1,120 (28.9) 

Symptoms or unknown 137 (55.5) 2,758 (71.1) 

Testing after 90 days 0.90 0.69–1.17 0.94 0.72–1.22 

≥1 test 172 (69.6) 2,611 (67.3) 

No test 75 (30.4) 1,267 (32.7) 

Not associated with LTCF (n = 37,522) (n = 346) (37,176) 

Age 1.07 0.82–1.38 1.03 0.79–1.33 

60 + 71 (20.5) 7,206 (19.4) 

20–59 275 (79.5) 29,970 (80.6) 

Sex 1.28 1.04–1.58 1.32 1.07–1.64 

Female 198 (57.2) 18,983 (51.1) 

Male 148 (42.8) 18,193 (48.9) 

Month of initial infection 1.84 1.49–2.26 1.81 1.46–2.23 

March–June 155 (44.8) 11,346 (30.5) 

July–August 191 (55.2) 25,830 (69.5) 

Symptom status 2.76 2.16–3.50 2.78 2.17–3.52 

Asymptomatic 86 (24.9) 3,927 (10.6) 

Symptoms or unknown 260 (75.1) 33,249 (89.4) 

Testing after 90 days 1.54 1.16–1.96 1.35 1.02–1.75 

≥1 test 67 (19.4) 5,029 (13.5) 

No test 279 (80.6) 32,147 (86.5) 

a Age: > 60 versus 20–59 years of age 
b Sex: female versus male; missing data for two individuals with reinfection, 285 individuals without reinfection 
c Month of initial infection: March–June versus July–August 
d Symptom status: asymptomatic versus symptomatic or unknown during initial infection 
e Testing after 90 days: ≥1 test versus no tests prior to repeat positive 
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oted, with females 1.3 times as likely to have a repeat positive 

est as compared with males, after accounting for other measured 

actors. 

It has been suggested that repeat positive testing in nursing 

ome residents may exceed that noted in younger individuals liv- 

ng in the community ( Armstrong et al., 2021 ). When considering 

ll of those with an initial positive test through August 31, 2020, 

he strongest association of a repeat positive test was with con- 

ection to an LTCF. Those connected to an LTCF were 4.4 times as 

ikely to have a repeat positive test result compared with those 

ith no connection to an LTCF. As previously noted, those asso- 
26 
iated with an LTCF were more likely to be aged ≥60 years, fe- 

ale, and to have a negative testing prior to a positive result. The 

ccurrence and frequency of testing were impacted by workplace 

olicies and regulations. For example, testing was mandated by the 

enters for Medicare and Medicaid Services (CMS) for staff work- 

ng in long-term care facilities, and repeated testing of long-term 

are residents was necessary with the identification of any new 

ase among staff or residents in a facility. 

Risk of a repeat positive test was also noted to be higher in 

hose who were reported to be asymptomatic during the pri- 

ary infection. Several studies have suggested that immune re- 
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ponse following infection with no or mild symptoms is less 

obust than that seen with moderate to severe clinical illness 

 Carsetti et al., 2020 ; Gudbjartsson et al., 2020 ; Ibarrondo et al.,

020 ; Kutsuna et al., 2020 ; Legros et al., 2021 ; Long et al., 2020 ;

uo et al., 2020 ; Rijkers et al., 2020 ; Seow et al., 2020 ). In the cur-

ent study, 12.6% of those with primary infection were reported to 

e asymptomatic. 

Additionally, likelihood of repeat positive test was greater in 

hose with a longer period of follow-up and potential at-risk expo- 

ure. Adjusted risk of a repeat positive test was 1.6 times higher for 

hose with earlier initial infections, and their at-risk exposure time 

lso included longer exposure during the autumn months, when 

ases were increasing in Kentucky and across the United States. 

owever, the event-free survival graphs illustrate that protection 

rom a repeat positive test was consistent across the follow-up pe- 

iod in comparison with non-infected peers over the same time 

eriod. There was no clear evidence of reduction of protective ef- 

ect of primary infection over the 6 months of follow-up beyond 

he first 90 days after an initial positive test result, which was con- 

istent with the findings of others ( Hall et al., 2021; Lumley et al.,

020 ). The greater risk of a repeat positive test result appears more 

 matter of increased risk of exposure during a longer time period 

han waning of immunity during that time period. 

The time period of greatest likelihood of a positive test result 

as in the 90–120 day time period after an initial positive test. The 

vent-free survival graph and estimated protection at 30-day incre- 

ents post 90 days suggest that the apparent decrease in protec- 

ion during the 90–120 time decrease may be an artifact of detec- 

ion of persistent virus for some individuals. Protection was 75% in 

hose aged 20–59 during the 90–120 day time period, but was con- 

istently > 75% from 120 days onward through the end of follow- 

p. Similarly, although protection was estimated to be 53% in those 

ged ≥60 years during the 90–120 day time period, it was consis- 

ently > 53% from 120 days onward. These data suggest that the 

verall protection of 77.3% may be an underestimate of the true 

evel of protection offered from primary infection as a portion of 

he positive results in the 90–120 time period were likely not in- 

icative of active infection. 

This study had several limitations. First, the estimate of pro- 

ection was based on comparison of those receiving initial posi- 

ive and negative test results during March through August. If ini- 

ial results differentially impacted risk behaviors and the likelihood 

f subsequent testing, then estimated protection could have been 

iased. An initial positive test could lead to increased caution in 

ome individuals, but could also decrease caution if the positive 

esult was believed to eliminate likelihood of a subsequent infec- 

ion. In any case, those testing positive were noted to be less likely 

o have testing performed in the follow-up period. Second, cases 

ould have been missed if testing was not performed, and the 

opulation tested during the study period was a minority of the 

esidents of Kentucky. Additionally, as noted in Figure 2 , the ma- 

ority of individuals had no testing performed during the follow- 

p period. Third, antigen testing without confirmation of findings 

ith PCR testing could have resulted in either inclusion of individ- 

als with false positive results in the primary infection group or 

ndividuals with false negative results in the no history of prior in- 

ection group, with a consequent reduction in the estimate of pro- 

ection from primary infection. Fourth, although all testing results 

re to be reported to the Kentucky Department for Public Health, 

egative antigen testing in some settings was not consistently and 

eliably reported. This likely resulted in an underestimation of the 

mount and frequency of testing, including testing performed > 90 

ays after an initial positive result. Fifth, information on symptom 

tatus was missing in 40% of those with primary infection in March 

August, 2020, so the estimated impact of symptoms on reinfec- 

ion should be interpreted with caution. Sixth, the follow-up pe- 
27 
iod for this study occurred prior to the widespread occurrence of 

ariants of concern and variants of interest in Kentucky; the pro- 

ective effect of primary infection with circulating viruses during 

arch through August, 2020, may not accurately predicted protec- 

ion from infection with newer variants. Seventh, there are poten- 

ial confounding factors that were not adequately or consistently 

easured (e.g., race, ethnicity) or that remain unknown, which 

ight have affected the findings and conclusions. The finding of 

n association between female sex and a repeat positive test result 

n the non-LTCF sample may be an example of the impact of an 

nmeasured confounder. Finally, repeat positive tests do not nec- 

ssarily equate with repeat infections and may have reflected viral 

ersistence or false positive results in some cases ( Ladhani et al., 

021 ); consequently, protection from reinfection may have been 

igher than the 77% noted in the current study. 

In summary, repeat positive results for SARS-CoV-2 after pri- 

ary infection were relatively infrequent (1.4%) among the group 

nfected from March through August, 2020, and followed through 

ecember 31, 2020, in Kentucky, USA. Accumulated evidence, in- 

luding that from the present study, suggests that natural infection 

rovides immunologic protection for a period of several months 

 Breathnach et al., 2021 ; Dan et al., 2021 ; Hanrath et al., 2021 ;

ilz et al., 2021 ; Wajnberg et al., 2020 ). Although primary infection 

ppears to provide substantial and persistent protection for most 

ndividuals, certain subpopulations may be at higher risk of a rela- 

ively poorer immune response to initial infection or increased risk 

f exposure to active cases, and consequently are at greater risk for 

ositive testing and potential poor outcomes associated with rein- 

ection. These subgroups include older individuals, those living or 

orking in LTCFs, those who are asymptomatic or who have mild 

linical illness with initial infection, and those with longer dura- 

ion of potential exposure after natural infection (as a result of in- 

reased exposure risk and not necessarily as a reflection of wan- 

ng immunity). A continued emphasis on vaccination and infection 

revention and control strategies remains critically important in 

educing the risk for reinfection and associated severe outcomes 

or these groups. Just as a second dose of vaccine boosts initial im- 

unologic response, there is evidence that vaccination after infec- 

ion provides a similar benefit and may result in a more robust 

nd sustained immunological response, especially in those with 

ess vigorous initial response to primary infection ( Manisty et al., 

021 ; Saadat et al., 2021 ). 
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