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Assessment of SARS-CoV-2 Reinfection 1 Year After
Primary Infection in a Population in Lombardy, Italy
Despite more than 150 million people becoming infected world-
wide, SARS-CoV-2 reinfections are uncommon. The risk of a

second infection in the popu-
lation who has recovered
from COVID-19 is crucial to
improve quarantine manage-
ment and optimize the ongo-
ing vaccination campaign.

The rate of reinfection among health care workers has been
reported,1,2 but the rate of reinfection in the general popula-
tion is less clear.3,4

Methods | We investigated the incidence of SARS-CoV-2 pri-
mary infection and reinfection among individuals who, dur-
ing the first wave of the pandemic in Italy (February to
July 2020), underwent diagnostic reverse-transcriptase–
polymerase chain reaction (PCR; see eAppendix in the
Supplement for the platform and specifics). Symptomatic and
asymptomatic patients of any age, who were recruited in
several screening and contact-tracing programs, were in-

cluded. We obtained the approval of the local ethics commit-
tee, which, because of the observational characteristic of the
study, granted a waiver of informed consent for participants.
This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline for cohort studies.

The study laboratory serves 4 hospitals (1400 beds) and
one of the most severely affected sanitarian areas (560 Kmq;
470 000 inhabitants) in Lombardy, Italy, yielding 122 007 PCR
test results. We defined cases (those with infection who were
PCR-positive) and controls (those without infection who were
PCR-negative) according to the World Health Organization
guidelines; criteria are specified in eAppendix in the Supple-
ment. The cohorts were considered to be at risk from the time
of the first definition (date of positive test result for cases; date
of second negative test result for controls) until the end of the
observation (February 28, 2021) or a new positive PCR test re-
sult. Reinfections were defined by a second RT-PCR positiv-
ity beyond 90 days after complete resolution of the first in-
fection and with at least 2 consecutive negative test results
between episodes.5 The 90-day window was decided on the
basis of reports of RNA virus persistence until 12 weeks.5 Sta-
tistical analyses were conducted using JMP, version 14.0 (SAS
Institute), and Prism, version 9.0.2 (GraphPad). Statistical
significance was set at P< .05.

Results | The baseline demographic characteristics are shown
in the Table. The median (interquartile range) age of the pa-
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Table. Population Characteristics

Characteristic

SARS-CoV-2 RT-PCR

Negative result at baseline
and during follow-up
(n = 12 968)

Negative result that converted
to positive during follow-up
(n = 528)

Positive result
at baseline
(n = 1579)

Age, y

Mean (SD) 57 (23) 58 (23) 62 (18)

Median (IQR) 59 (40-77) 59 (41-78) 63 (50-78)

Range 0-108 0-100 0-107

Sex, No. (%)

Women 6960 (53.7) 315 (59.7) 771 (48.8)

Men 6008 (46.3) 213 (40.3) 808 (51.2)

Racial/ethnic group, No. (%)

White 11 390 (87.8) 494 (93.6) 1449 (91.8)

Asian 578 (4.5) 15 (2.8) 41 (2.6)

Black 466 (3.6) 7 (1.3) 22 (1.4)

Latinx 506 (3.9) 12 (2.3) 59 (3.7)

Other 28 (0.2) 0 8 (0.5)

Health district, No. (%)

Legnano 7441 (57.4) 293 (55.4) 798 (50.5)

Magenta 4203 (32.4) 192 (36.4) 728 (46.1)

Abbiategrasso 737 (5.7) 20 (3.8) 47 (3.0)

Cuggiono 587 (4.5) 23 (4.4) 6 (0.4)

No. of tests, median (IQR) 3 (3-4) 4 (4-5) 3 (3-5)

Person-day of follow-up 3 499 503 112 974 496 586

Inpatients, No. (%) 3547 (27.4) 308 (58.3) 1176 (74.5)

Symptomatic, No (%) 5554 (42.8) 371 (70.3) 1105 (70.0)

Abbreviations:
IQR, interquartile range;
RT-PCR, reverse-transcription–
polymerase chain reaction.
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tients was 59 (40-78) years, but positive cases were older
and geographically distributed more in the industrial area of
Legnano.

During the follow-up (mean [SD], 280 [41] days) 5 rein-
fections (0.31%; 95% CI, 0.03%-0.58%) were confirmed in
the cohort of 1579 positive patients. Most of these patients
were evaluated, treated, and followed in hospitals or dedi-
cated COVID-19 ambulatories.6 Only 1 was hospitalized, and
4 patients had a close relationship (2 patients work in hospi-
tals, 1 patient underwent transfusions every week, and 1
patient retired in a nursing home) with health facilities. The
mean (SD) interval between primary infection and reinfec-
tion was longer than 230 (90) days.

Of 13 496 persons who initially were not infected with
SARS-CoV-2, 528 (3.9%; 95% CI, 3.5%-4.2%) subsequently
developed a primary infection. The incidence density per
100 000 person days was 1.0 (95% CI, 0.5-1.5) for reinfec-
tions compared with 15.1 (95% CI, 14.5-15.7) for new infec-
tions, while the incidence rate ratio adjusted for age, sex,
ethnicity, and the sanitarian area was 0.07 (95% CI, 0.06-
0.08). After analyzing the cumulative incidence during
follow-up, we confirmed that the 2 cohorts were signifi-
cantly different (hazard ratio, 0.06; 95% CI, 0.05-0.08; log-
rank test P < .001) (Figure).

Discussion | The study results suggest that reinfections are
rare events and patients who have recovered from COVID-19
have a lower risk of reinfection. Natural immunity to
SARS-CoV-2 appears to confer a protective effect for at least
a year, which is similar to the protection reported in recent
vaccine studies. However, the observation ended before
SARS-CoV-2 variants began to spread, and it is unknown
how well natural immunity to the wild-type virus will pro-
tect against variants.
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Figure. Cumulative Incidence of SARS-Cov-2 Infection

0

No. days at risk

0

10988
31742

200

325798
2040576

400300

496586
3499503

8

6

Cu
m

ul
at

iv
e 

in
ci

de
nc

e 
of

 
SA

RS
-C

oV
-2

 in
fe

ct
io

n,
 %

Days

4

2

100

137085
491579

Infection
Reinfection

RT-PCR positive
RT-PCR negative

RT-PCR indicates reverse-
transcriptase–polymerase chain
reaction.

Letters

1408 JAMA Internal Medicine October 2021 Volume 181, Number 10 (Reprinted) jamainternalmedicine.com

Downloaded From: https://jamanetwork.com/ on 03/13/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.2959?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.2959
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.2959
mailto:nimumoli@tiscali.it
https://dx.doi.org/10.1056/NEJMoa2034545
https://dx.doi.org/10.1016/S0140-6736(21)00675-9
https://dx.doi.org/10.1016/S0140-6736(21)00575-4
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.0366?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.2959
https://www.cdc.gov/coronavirus/2019-ncov/php/invest-criteria.html
https://dx.doi.org/10.1016/j.ijid.2020.07.065
https://dx.doi.org/10.1016/j.ijid.2020.07.065
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.2959


Editor's Note
Protection Because of Prior SARS-CoV-2 Infection
How much protection against future infections does prior in-
fection with SARS-CoV-2 infection provide? This is an impor-
tant question for advising individual patients, as well as for
projecting future outbreaks of SARS-CoV-2.

InthisissueofJAMAInternalMedicine,Vitaleandcolleagues1

use the results of diagnostic reverse-transcriptase–polymerase
chain reaction tests in Lombardy, Italy, to compare the inci-
dence of SARS-CoV-2 infection among persons with prior SARS-
CoV-2 infection with persons who tested negative for the virus.

The differences were dramatic. The incidence density per
100 000 person days was 1.0 (95%, CI 0.5-1.5) for persons with
a history of infection and 15.1 (95% CI, 14.5-15.7) for persons
without a history of infection. These results complement those
of Harvey and colleagues2 from the US, who found that pa-
tients with a positive diagnostic nucleic acid amplification test
result for antibodies to SARS-CoV-2 were much less likely to
develop SARS-CoV-2 infection at 90 days than persons with-
out antibodies.

Before assuming that people with documented SARS-
CoV-2 infections, whether by polymerase chain reaction di-
agnostic testing or by presence of antibodies, are protected
against future infections, there are 2 caveats. First, we do not
know how long natural immunity lasts. Second, we do not
know if natural immunity to the wild-type virus is equally pro-
tective for SARS-CoV-2 variants (viruses with genetic varia-
tions). As has been indicated by Spellberg and colleagues,3

achieving herd immunity through natural infection is a long
and painful process, and, historically, the only human dis-
ease to be eradicated, smallpox, was eradicated through vac-
cination, not natural infection.

Because it is likely that immunization plus history
of natural infection is better protection than natural infec-
tion alone, all persons should be encouraged to get vacci-
nated even if they have been previously infected with
SARS-CoV-2. Although unproven, it is possible that vaccina-
tion provides broader immunity to variants than natural
infection. And because we do not know how long vaccine
protection will last or whether there will be variants that
escape protection from vaccination, we may need im-
munization boosters and or reformulated vaccinations in
the future.
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Assessment of FDA Approval for New High-risk
Therapeutic Devices Not Meeting Pivotal Study
Primary End Points, 2016-2020
The US Food and Drug Administration (FDA) regulates high-risk
medicaldevicesthroughthepremarketapproval(PMA)pathway.
To obtain FDA approval, manufacturers typically must conduct
a pivotal premarket study providing evidence of device safety

and effectiveness.1 The FDA
assesses device risks and ben-
efits as measured in pivotal

studies by primary end points, such as the magnitude of clini-
cal symptom improvement or occurrence of adverse events.1

However, the FDA recently approved a temporary cardiac sup-
port device for use during high-risk percutaneous coronary
interventions despite early termination of its pivotal study ow-
ing to futility.2 In this cross-sectional study, we sought to system-
atically determine the frequency of, and rationale for, FDA
approval of high-risk therapeutic medical devices not meeting
pivotal study primary end points.

Methods | Using the FDA PMA database,3 we conducted a retro-
spective cross-sectional analysis of new high-risk therapeutic
medical devices approved between January 1, 2016, and Decem-
ber 31, 2020 (eFigure in the Supplement). In accordance with pre-
viously described methods,4 we reviewed FDA summary docu-
ments to identify all pivotal studies evaluating these devices
and their primary end points. We then determined which stud-
ies did not meet at least 1 prespecified primary end point.

For each device not meeting a pivotal study primary end
point, we extracted device, pivotal study, and primary end point
characteristics (eMethods in the Supplement). We also deter-
mined the FDA-provided rationale for approval and whether a
postmarket study was mandated as a condition of approval.3

All search results were current as of March 7, 2021. All data
were summarized with descriptive statistics using Excel for
Mac, version 16.49 (Microsoft). This study used public, non-
identifiable data that did not constitute human participants
research (45 CFR 46.102) and was not submitted for institu-
tional review board review.

Results | Between January 1, 2016, and December 31, 2020, the
FDA approved 107 new high-risk therapeutic medical de-
vices, of which 14 (13.1%) did not meet at least 1 pivotal study
primary end point. Among these devices, 10 were cardiovas-
cular, 4 were life sustaining, and 11 were implantable (Table 1).

In 15 pivotal studies, the 14 devices did not meet 16 of
the 36 (44.4%) primary end points; 3 devices did not meet all
of the primary end points, 10 devices did not meet an effec-
tiveness end point, and 2 did not meet a composite safety-
effectiveness end point. Seven devices were assessed against
a comparator, and 7 were assessed against other criteria
(eg, performance goals). Three devices did not meet nonin-
feriority end points, and 6 did not meet surrogate end
points. The FDA frequently cited post hoc analysis, success
of other primary end points, and positive trends in second-
ary or nonprespecified outcome measures as rationales for
approval (Table 1). For 11 devices, the agency required
at least 1 postapproval study.
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