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ABSTRACT

Background Current data suggest that severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) reinfections are rare, but no

information are available on minors and after 12 months of follow-up.

Methods This retrospective cohort study included all the population of an Italian Province, diagnosed with a SARS-CoV-2 infection from March

2020 to May 2021. The primary outcome was the incidence of a reinfection, defined as a new positive polymerase chain reaction (PCR) test

occurring ≥90 days after complete resolution of the first infection, and data were retrieved from the official datasets (coronavirus disease 2019

[COVID-19], demographic, hospital and co-pay exemption) of the Local Health Unit (LHU) of Pescara.

Results After an average of 201 days of follow-up (max. 414), we recorded 24 reinfections ≥90 days after the resolution of the first 7173

infections (0.33%). Four reinfections required hospitalization, one was lethal. Most of the reinfections (n = 13) occurred 6–9 months after the

resolution of the first infection; no new infection was detected 12 or more months later and among the 832 minors.

Conclusions This study confirms previous findings on a low risk of SARS-CoV-2 reinfection. If confirmed, these findings suggest that more

targeted restriction policies can be applied to the subjects that recovered after a first infection.
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Introduction

A precise estimation of the extent and length of protec-
tion against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) reinfection in previously infected individuals
is essential to optimize restriction and vaccination policies.1

A few studies reported consistently reassuring results, sug-
gesting that a secondary infection is rare both among health-
care workers and in the general population, occurring in <1%
of individuals who previously tested positive for SARS-CoV-
2.2–6 However, no data have been provided separately for the
minors, and the length of follow-up never exceeded twelve
months. We carried out a cohort study on the entire popu-
lation of an Italian province, estimating the rate of SARS-
CoV-2 reinfection, by age-class, in the first 15 months of the
pandemic.

Methods

This retrospective cohort study included all the subjects aged
≥1 year who were resident in the Province of Pescara, Italy
on 1 January 2020, diagnosed with a SARS-CoV-2 infection
(either asymptomatic or symptomatic and requiring hospital
admission in coronavirus disease 2019 [COVID-19] wards)
from 3 March 2020 (date of the first positive real-time
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polymerase chain reaction—RT-PCR—test) to 90 days before
21 May 2021 (date of data extraction and end of follow-up).

Baseline-positive subjects were identified with PCR sam-
ples, tested through nasopharyngeal swabs by the accredited
laboratories of Pescara Local Health Unit. The primary out-
come was the incidence of a reinfection, defined as a new pos-
itive PCR test occurring ≥90 days after complete resolution
of the first infection, and with ≥2 consecutive negative test
results between episodes.6 Data sources and extraction criteria
are reported in the supplemental online appendix.

The research protocol was approved by the Ethics
Committee of the Emilia-Romagna Region (protocol code
556/2021/Oss/UniFe). The manuscript was prepared
according to the STROBE (strengthening the reporting of
observational studies in epidemiology) statement.7

Results

A total of 18 034 residents in Pescara Province had ≥1 posi-
tive RT-PCR sample from 3 March 2020 to 21 May 2021. Of
them, 1990 were tested and followed by healthcare facilities
placed outside the Province, and could thus not be included
because follow-up data could have been missing. Also, all the
subjects who were younger than 1 year (n = 65), had <90 days
of follow-up between complete resolution and follow-up end
(n = 8471), or deceased within 90 days after the resolution of
the first infection (n = 335), were excluded from the analyses.

Therefore, the final sample consisted of 7173 residents
(Table 1; mean age: 46.3 ± 21.8 years; 48.0% males). Of them,
1478 (20.6%) were diagnosed with ≥1 comorbidity over the
previous 10 years, and 1783 (24.9%) had received at least the
first dose of a COVID-19 vaccine as of 21 May 2021.

After an average of 201 days of follow-up (min. 90; max
414), a total of 24 participants had a new positive RT-PCR
test (0.33% of the sample). Four of the reinfected subjects
(0.06%) had a symptomatic COVID-19 requiring hospitaliza-
tion, and one died (a 77-year-old woman).

Most of the reinfections (n = 13) occurred 6–9 months
after the resolution of the first infection; no new infection
was detected 12 or more months later and among the subjects
aged <18 years.

The characteristics of the 24 reinfected individuals are
reported in Table S1. The mean age and the proportion
of subjects with ≥1 comorbidity were substantially higher
among those who were reinfected than those who were not
(mean age: 54.5 ± 18.4 versus 46.3 ± 21.8 years and 41.7%
versus 20.6%, respectively). Nine of the reinfected subjects
received a first vaccine dose (and four were fully immunized)
during the follow-up, but after the onset of the new infection.

Overall, the primary SARS-CoV-2 infection occurred before
the immunization in all but four subjects, who had a positive
test result 3–13 days following the first vaccine dose.

Discussion

Main findings of this study

During the first 15 months of SARS-CoV-2 pandemic, in
the general population of an Italian Province, we observed
a 0.33% reinfection rate among the subjects who recovered
from a previous infection (symptomatic or asymptomatic).
Most of the episodes were asymptomatic or paucisymp-
tomatic, and only one subject deceased after the second
infection (0.01%).

What is already known on this topic

Overall, these findings are in line with the available litera-
ture,3–6,8 suggesting that the natural immunity confers sub-
stantial protection in the first months after the primary infec-
tion: all the published cohort studies reported reinfection
rates lower than 1%,3–6 and the only Italian study, on a
sample of 1579 positive subjects, reported a virtually identical
reinfection rate (0.32%).6 However, this is the first study with
a follow-up longer than 12 months, and the first to provide
data separately for the minors: notably, no reinfections were
recorded after 12 months of follow-up, and none of the 832
included minors experienced a reinfection.

What this study adds

These findings may have major implications for the man-
agement of the pandemic: indeed, the low risk of reinfec-
tion strongly supports the strategies of several governments
that, during the first phase of the vaccination campaign,
characterized by a shortage of vaccines, opted to postpone
the immunization of those who were previously infected,9

and are considering these subjects as a low-risk category,
able to receive the newly established COVID pass, such as
vaccinated individuals or subjects with a negative test within
the last 48 h.10 Also, in the current debate on the most
appropriate non-pharmaceutical anti-contagion policies for
the next waves of the pandemic,6 some targeted, less stringent
quarantine measures may be applied to the individuals who
recovered from the first infection, especially if their age is
lower than 18 years. As an example, in Italy, the individuals
who have been infected and recovered, have been included
among those who can request the EU digital COVID cer-
tificate (so-called ‘Green Pass’, which is mandatory to access
many social and professional activities), with no need of vac-
cination or nasopharyngeal swabs (Italian Minister of Health:
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Table 1 Characteristics of the sample and incidence of reinfectionsa

Overall sample

(n = 7173)

Mean age in years (SD) 46.3 (21.8)

Age-class in years, % (n)

< 18 11.6 (832)

18–59 61.0 (4378)

≥60 27.4 (1963)

Male gender, % (n) 48.0 (3444)

Comorbidities or risk factors, % (n) b

Diabetes 5.7 (406)

Hypertension 12.4 (891)

Major cardiovascular diseases 6.4 (460)

COPD 3.2 (231)

Kidney disease 2.1 (149)

Cancer 4.2 (301)

At least one of the above 20.6 (1478)

First dose of SARS-CoV-2 vaccine c 24.9 (1783)

Outcomes

Reinfection, % (n) 0.33 (24)

Reinfection and hospitalization, % (n) 0.06 (4)

Hospitalizations after the second infection, % (n/N) 16.7 (4/24)

Reinfection and deaths, % (n) 0.01 (1)

Follow-up, mean (SD)

Days from resolution to the end of follow-up, without reinfection

(n = 7149)

181 (90)

Days from resolution to reinfection (n = 24) 201 (61)

% of reinfections by time after first infection resolution (n/N)

3–6 months after resolution 0.13 (7/5510)

6–9 months after resolution 2.22 (13/585)

9–12 months after resolution 0.81 (4/495)

≥12 months after resolution 0.00 (0/918)

SD = Standard deviation; n/N = Number of subjects with the outcome/Total number of subjects.
aA reinfection was defined as a new positive PCR test occurring ≥90 days after complete resolution of the first infection, and with at least two consecutive

negative test results between episodes.
bSubjects with the selected comorbidities/risk factors in the Regional co-pay exemption database (Italian ‘Esenzioni Ticket’ file) or an hospital admission in

the last ten years (from the Italian SDO database of administrative discharge abstracts) with the following ICD-9-CM codes in any diagnosis field: 250.xx

(diabetes); 401.xx-405.xx (hypertension); 410.xx-412.xx or 414.xx-415.xx or 428.xx or 433.xx-436.xx (major cardiovascular or cerebrovascular diseases);

491.xx-493.xx (chronic obstructive pulmonary diseases—COPD); 580.xx-589.xx (kidney diseases); 140.xx-172.xx or 174.xx-208.xx (cancers).
cOf the 1783 participants who received the first vaccine dose during the follow-up, 1779 were immunized after the first positive nasopharyngeal swab;

only four subjects were immunized before the first positive test.

https://www.dgc.gov.it/web/). In the same country, how-
ever, all the population is still requested to maintain social
distance, avoid mass gatherings and wear masks indoor. These
measures will certainly help lowering the infection rate, in turn
decreasing the absolute number of reinfections.11,12

Finally, given the lack of data on the long-term duration
of both the natural immunity and that conferred by the
vaccines,13 the absence of reinfections after twelve months

of follow-up is certainly reassuring and may suggest a longer
protection than the nine months currently recommended for
the COVID pass.10

Limitations of this study

Clearly, the findings on both minors and immunity dura-
tion are inevitably preliminary and require confirmation from
specifically designed prospective population studies, which
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may also evaluate the extent and degree of protection against
the emerging viral variants.

In conclusion, our study confirms previous findings on a
low risk of SARS-CoV-2 reinfection. More targeted restric-
tion policies can be applied to the subjects that recovered after
a first infection.

Supplementary data

Supplementary data are available at the Journal of Public Health

online.
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