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ABSTRACT
Introduction: The duration of immunity after infection from SARS-CoV-2 conferring protection from subsequent COVID-19
episodes is not yet fully understood. We reviewed the literature for cases of documented reinfection.
Materials and methods: A comprehensive computerized search in PubMed, through 15 December 2020, using the follow-
ing terms in combination: COVID-19, SARS-CoV-2, reinfection, reactivation, recurrence. To exclude cases due to prolonged
viral shedding or protracted infection, only cases occurring at least 12 weeks apart or confirmed as being sustained by
genetically different viruses by viral genome analysis were included.
Results: We identified 23 cases globally, for which viral genome analysis was performed in 10 cases and serology in 19
cases. The mean interval between the two episodes was 15 weeks. Mean age of cases was 44.5 years, and 10 (43.5%) were
women. In 17/23 cases, no comorbidity was observed. In 10 cases, the first episode was more severe than the ensuing epi-
sode, whereas in seven cases the ensuing episode was more severe. In four cases, there was no difference in severity and
in two cases both episodes were asymptomatic.
Conclusions: From this sample of 23 cases, a clear pattern of the second episode being less or more severe did not
emerge. A better understanding of immunity to SARS-CoV-2, necessary to assess the probability of a second infection and
the durability of protection conferred by vaccination, is warranted.
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Introduction

At the time of writing (10 January 2021), there have been
over 88 million confirmed cases of COVID-19 globally
(https://covid19.who.int), and many countries are starting
vaccination programs. However, the debate is still open
regarding the strength and the persistence of immunity
induced by SARS-CoV-2. Unfortunately, the protective
immunity after infections due to the known seasonal coro-
naviruses is short-lasting, with frequent reinfections occur-
ring at 12 months [1]. How long the adaptive immunity
triggered by SARS-CoV-2 can last is of crucial relevance in
assessing the probability of a second infection and the
long-term efficacy of vaccination programs; neutralizing
antibody activities and memory T cells against SARS-CoV-2
can remain stable for up to 6–7 months [2].

To date, reports of persons presenting more than one
clinical episode attributed to COVID-19 are increasingly
being published. Understanding why some patients are
predisposed to a second infection is crucial. The time
lapse reported in literature between clinical episodes is
variable. In a study of 11 patients presenting symptoms
compatible with COVID-19 after a symptom-free interval
from a previously documented infection, and then con-
firmed as such by another positive SARS-CoV-2 RT-PCR
test, the shortest interval described was 25 days and the
longest 49 days [3]. Other authors [4] have suggested that
reinfection be defined as PCR positivity at least 28 days
after a previous PCR-positive COVID-19 episode that was
followed by clinical recovery and at least one negative
PCR. Arafkas et al. [5] sustained that any observed COVID-
19 relapse within 90 days might be a protracted infection,
and that a positive SARS-CoV-2 testing and recurrent clin-
ical symptoms occurring outside this time frame should
be required to diagnose true reinfection.

In this brief review, we investigated cases of docu-
mented reinfections reported globally. Although viral
shedding reaches a minimum by day 28 after an initial
acute SARS-CoV-2 infection [6], to reduce the risk of
including cases due to prolonged viral shedding or per-
sistent low level infection, viral reactivation, or previously
false-negative laboratory results, we concentrated only on
cases occurring at least 12 weeks apart, with the excep-
tion of cases in which genomic analysis was performed
on viral samples and genetically significant differences
emerged between the causative agents of each episode.

Materials and methods

A comprehensive computerized search was performed
using PubMed, through 15 December 2020, involving

both Medical Subject Headings (MeSH) terminology and
relevant keywords for search strings. The following terms
were searched in combination: COVID-19, SARS-CoV-2,
reinfection, reactivation, recurrence. References in
retrieved articles were manually searched to ensure
identification of studies not found in the initial literature
search. The selection was limited to publications written
in English. After de-duplication, all authors independ-
ently screened titles and abstracts, and finally full texts,
to identify all potentially relevant studies, resolving dis-
crepancies through discussion and consultation
between them.

Results

We identified 23 cases from 13 different countries
(Belgium, Brazil, Ecuador, France, Hong Kong, Israel, Italy,
Qatar, South Korea, Spain, Turkey, UK and USA) [4,7–25].
Mean age (±standard deviation) of cases was 44.5 (±7.3)
years, and 10 (43.5%) were women. In 17/23 cases
(73.9%), no comorbidity was observed. Nine were health-
care workers. Mean interval between the two episodes
was 15.0 ± 5.6 weeks. For all cases, except three, each epi-
sode was confirmed by a positive PCR test on nasopha-
ryngeal swab: for the three cases in which a swab was
not performed or resulted negative the diagnosis was
based on clinical manifestations and serology [14,17,22].
For 19 cases (82.6%), serology was reported
[4,7–13,15–22,24]: more than half of these (10/19 cases)
were recorded as IgG positive following the first infection
[4,8,11,12,14–17,24]. In 10 cases [9–11,13,16,18–20,25],
viral genomic material was isolated at each of the two
episodes and was sequenced: significant differences in
the nucleotide sequences emerged, and in six cases
phylogenetic analysis showed that the viruses responsible
for the two episodes belonged to different
clades [9–11,13,16,19].

Regarding clinical differences between the two epi-
sodes, in 10 cases the first episode was more severe
than the ensuing episode, whereas in seven cases the
ensuing episode was more severe. In four cases, there
was no difference in severity and in two cases both epi-
sodes were asymptomatic.

Table 1 shows the main characteristics of the cases
and of the different episodes of SARS-CoV-2 infection.

Discussion

Since antibody titre has been proved to be significantly
lower in asymptomatic/pauci-symptomatic persons
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compared to patients who developed critical illness [26],
it has been hypothesized that patients experiencing
only mild symptoms during the first episode may
develop a weaker immune response which might
explain predisposition to the reinfection. However, anti-
bodies are only one marker for immunity, which is also
influenced by T cell-mediated immunity. Tan et al. [2]
showed that all the patients they investigated, including
those with mild symptoms, developed a cellular immune
response to SARS-CoV-2 antigens, and this is promising
in terms of protection from reinfections. On the other
hand, other authors [20] have suggested possible mech-
anisms to explain a more severe second infection,
including immune enhancement, acquisition of a more
pathogenic strain, and a greater viral inoculum load.
Some people who have experienced a first infection
might have immune cells that are primed to respond in
a disproportionate way again the second time, and anti-
bodies could be implicated in the so-called phenom-
enon of antibody-dependent enhancement [21].

From our analysis conducted on a total sample of 23
cases with documented reinfections retrieved from lit-
erature, a clear pattern of the second episode being less
severe (due to acquired immunity) or more severe (due
to immune enhancement) did not emerge. Most of the
persons described were immunocompetent, and most
did not present any comorbidity at all. Of the cases
where serology was available, most cases had developed
antibodies following a first infection, a confirmation that
effective immunity depends not on antibodies alone.
Healthcare workers are heavily represented in this sam-
ple (nine out of 23 cases), probably due to a selection
bias, as healthcare workers tend to be subjected to PCR
testing more frequently than the general population;
however, the 12-week time lapse and confirmation by
viral genome analysis criteria suggest they represent
cases of real reinfections, rather than cases of prolonged
viral shedding. There is no clear evidence from the ana-
lysis of these few patients indicating that they had low-
degree immune response, even if in one case IgG was
negative 3 weeks after the onset of the first episode
[22]. It should be observed that immunocompetent per-
sons are in the majority, thereby statistically more likely
to be exposed; in the case of healthcare workers espe-
cially, immunocompromised individuals often have sig-
nificantly reduced exposure from shielding measures
which could account for their absence in reinfec-
tion cases.

Iwasaki underlined that it is not known how fre-
quently reinfections really occur, since asymptomaticTa
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cases can only be picked up by routine testing, and the
phenomenon of asymptomatic reinfections is probably
severely underestimated [27]. Our data, in which two
retrieved cases were asymptomatic at both episodes,
support the existence of multiple asymptomatic epi-
sodes, and therefore the probable underestimation of
their prevalence.

Despite the uncertainty around the real rate of
reinfection, it is perhaps reassuring to have a relatively
small sample of confirmed reinfections worldwide given
the scale of total infections: if reinfection was likely to
occur in an individual case of COVID-19 (within a time
period of months) one might expect a much larger sam-
ple of proven reinfection cases to already exist in
the literature.

In the 10 cases in which genome analysis of the
viruses was performed, significant differences emerged,
indeed in most cases membership to different clades.
This raises the worrying question of what degree of
cross-immunity exists to viruses belonging to differ-
ent clades.

Further studies are warranted as many questions still
need to be answered [28]. Issues needing to be
addressed include how a first infection by SARS-CoV-2
impacts on the predisposition to and the severity of the
disease occurring with subsequent reinfections, how
often they occur, and the reasons why; finally, as vaccin-
ation programs are ongoing and patients with known
history of SARS-CoV-2 infection were excluded from clin-
ical trials [29,30], when should persons who have already
been infected by SARS-CoV-2 be vaccinated.
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