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Severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) infection has 
spread around the world, causing the 
coronavirus disease 2019 (COVID-19) 
pandemic. In less than a year since its 
emergence in December 2019, >32 mil-
lion cases have been detected world-
wide and, as of this writing, COVID-19 
has resulted in >1  000  000 deaths [1]. 
Multitudes have recovered from COVID-
19, but it has been uncertain whether 
they are immune to being reinfected 
with SARS-CoV-2 or, if not, whether the 
disease course during a second episode 
would be mitigated, similar, or worse 
than the first infection. As reports of re-
infection begin to appear [2–5], including 
a person in South Korea described by Lee 
and colleagues in this issue of Clinical 
Infectious Diseases [6], and other individ-
uals around the world (Table 1), what are 
the implications for our understanding of 

immunity to SARS-CoV-2 and the pro-
spects for a COVID-19 vaccine?

Reinfection has been described for 
other respiratory and nonrespiratory 
RNA viruses, both after natural infec-
tion and after vaccination. For example, 
people who have recovered from para-
influenza may be susceptible to symp-
tomatic disease, even if reinfected with 
the same strain, likely due to waning of 
immunity from the prior infection [7]. 
Viral diversity can result in escape from 
memory responses that may not rec-
ognize new strains, as demonstrated in 
more diverse viruses such as influenza 
and hepatitis C virus (HCV). Even for 
HCV, in which reinfection occurs com-
monly in certain high-risk populations, 
protective immunity that ameliorates its 
subsequent disease course has been de-
scribed [8], highlighting the complex 
interplay between the immune response 
and viral factors that may determine the 
outcome of reinfections. Similarly, some 
vaccines (including influenza and per-
tussis) may not fully prevent infection 
but may reduce the likelihood of severe 
disease [9, 10]. These examples from nat-
ural infection and from vaccination il-
lustrate the spectrum of immunity and 
potential outcomes: sterilizing immunity 
that fully protects against infection; par-
tial or protective immunity that reduces 

the incidence, severity of disease, and/
or contagiousness; no immunity; or 
even enhancing immunity that actually 
contributes to worse disease severity 
(Figure 1).

For coronaviruses other than SARS-
CoV-2, what do we know about the 
type of immune responses and the ex-
tent and durability of immunity to re-
infection? Typically, after infection with 
other coronaviruses, virus-specific anti-
bodies appear approximately 7–14  days 
after symptom onset and eventually 
wane. For the seasonal coronaviruses, 
reinfection is associated with a rise in 
strain-specific antibodies and may occur 
as soon as 6–12  months after initial in-
fection, as documented in prospective 
cohorts and viral challenge experiments 
[11]. Reassuringly, after experimental 
rechallenge with a common cold human 
coronavirus, 229E, participants were re-
infected but the period of viral shed-
ding was shorter and no participants 
developed cold symptoms—an example 
of partial and disease-ameliorating im-
munity [12]. In a study in Kenya, a subset 
of participants with repeat infection 
with the endemic human coronavirus 
NL63 had higher viral levels during their 
second infection, but the frequency of 
upper respiratory symptoms diminished 
with repeat infections [13]. In patients 
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who have recovered from the severe acute 
respiratory syndrome or Middle East re-
spiratory syndrome coronaviruses, anti-
bodies remain detectable up to 1–3 years 
after infection; it is not known, however, 
whether individuals are protected from 
reinfection because reexposures were 
improbable [11]. For SARS-CoV-2, ma-
caques rechallenged after infection had 
brief periods of detectable virus in the 
nasopharynx but did not suffer from pro-
longed infection and/or severe disease 
[14]. Based on what we know about other 
coronaviruses and protective immunity, 
the recent reports of SARS-CoV-2 re-
infection should not surprise us but 
highlight the importance of determining 
whether partial or protective immunity 
will affect the likelihood or disease course 
of the second infection.

In all but 1 of the reinfection reports to 
date, including the report by Lee and col-
leagues [6], the first episode of COVID-19 
was asymptomatic or mild and reinfec-
tion occurred between 3–17 weeks after 
the initial infection (Table  1). Why has 
reinfection rarely been reported in those 
who initially had severe disease? One 
likely explanation is that, because most 
COVID-19 is mild, a far greater propor-
tion of recovered individuals have had 
mild rather than severe disease. Another 
potential explanation is that the greater 
magnitude of antibody responses or 
T-cell responses generated during severe 
COVID-19 may confer more robust and/
or long-lasting protection. Correlates of 

protection may not only include the se-
verity of the original illness but may also 
be influenced by viral escape mutations 
and/or viral inoculum at the time of 
reexposure. Complete protection against 
SARS-CoV-2 infection (or reinfection) 
likely requires multifaceted and coord-
inated immune responses (humoral and 
cell-mediated) deployed at the right place 
(mucosal immunity) in an expeditious 
fashion (eg, anamnestic response).

What are the implications of the re-
ported reinfection cases for public health 
surveillance? First, it is critical to define 
what we mean by reinfection. It is notable 
that these reports are occurring in a con-
text where jurisdictions have deployed an 
unprecedented level of surveillance and 
testing, using very sensitive polymerase 
chain reaction (PCR)–based tests. This 
high sensitivity resulted in early “false 
alarms,” as it was appreciated early on 
during the pandemic that patients would 
frequently test positive on PCR assays, 
then negative, then positive again even 
without clinical or epidemiologic con-
cerns for reinfection. Subsequent studies 
suggested that the vast majority of these 
individuals had prolonged and/or inter-
mittent PCR positivity after the original 
infection, and, when tested, viral gen-
omic data revealed persistent detection of 
the same isolate rather than reinfection. 
Fortunately, intermittent PCR positivity 
was not associated with culturable infec-
tious virus nor with disease or transmis-
sion [15]. While mass testing resulted in 

these false alarms, it also allowed exam-
ination of sequence data to detect rein-
fections. A strict definition of reinfection 
requires sequence data from both detec-
tions, separated in time, to distinguish 
that there are 2 distinct viral isolates, 
which distinguishes reinfection from 
intermittent shedding of the original 
viral isolate. Suspected reinfection war-
ranting investigation may, in the absence 
of detailed sequence data, include criteria 
such as clinical features, epidemiologic 
evidence for reexposure, laboratory data 
such as PCR cycle threshold and/or rise 
in antibody titers, and—importantly—
lack of an alternative diagnosis. One of 
the most critical tasks for the field is to 
develop consensus case definitions for re-
infection that can be used for surveillance 
and diagnosis.

In addition to developing clear-cut 
case definitions, another imminent need 
is for public health authorities to provide 
the laboratory support to store specimens 
and sequence virus. Notably, proving re-
infection required retrieval of viral gen-
omic material from the initial episode, 
which is not always available, as well as 
access to a laboratory with sequencing 
capabilities beyond detection. In add-
ition, it is critical to determine whether 
patients who are reinfected remain likely 
to infect others; samples from people with 
molecular evidence of reinfection should 
be cultured in specialized laboratories for 
infectious virus, and rigorous contact tra-
cing studies must be performed.

First Reexposure

since first

Figure 1. Immunity after rechallenge; reinfections may have variable success and outcomes. Protective immunity could affect the incidence, severity, and/or infectiousness 
of disease. Thus far, enhanced immunopathology to severe acute respiratory syndrome coronavirus 2 has not been described.
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What do the reinfection cases tell us 
about how to think about people who 
have had COVID-19? At this point, not 
enough. Given the millions of people 
who have recovered from COVID-19, so 
far reinfection seems to be uncommon. 
Case reports of reinfection are useful to 
establish that these individuals are not 
completely protected from SARS-CoV-2 
reinfection, but they are unable to tell us 
much more due to the lack of systematic 
collection and the likelihood of bias in 
who receives repeat testing. In addition, 
although a subset of individuals with re-
infection had more symptoms or greater 
disease severity the second time around, 
raising the possibility of immune en-
hancement (as may occur with dengue or 
the coronavirus that causes feline infec-
tious peritonitis), there are other poten-
tial explanations for these observations. 
Because individuals who exhibit symp-
toms are more likely to be tested again, we 
are much less likely to detect those who 
are reinfected but asymptomatic, such as 
the patient who returned from Europe 
to Hong Kong and was found to have re-
infection only because of travel-related 
screening [2]. We also cannot control for 
ascertainment or recall biases, nor for 
other potential factors, such as a higher 
viral inoculum during the second infec-
tion. Most reported cases are in young 
and healthy individuals, and thus we do 
not yet know the natural history of re-
infection in older or immunocomprom-
ised patients. Prospective cohorts that 
test regularly and systematically in re-
gions of ongoing transmission are critical 
to define the true incidence and natural 
history of reinfection, to assess the dy-
namics of serologic and T-cell responses, 
and to determine how preexisting or 
infection-induced immune responses af-
fect outcomes when people are reexposed 
to SARS-CoV-2.

Until we know more, patients who 
have recovered from COVID-19 should 

continue preventive measures, such as so-
cial distancing and mask-wearing. Once a 
safe and efficacious vaccine is available, it 
should be offered to those who have had 
previous COVID-19. As clinicians, we 
need to not only counsel our patients re-
garding measures to avoid reinfection but 
to be prepared to make these diagnoses, 
and to potentially treat such patients. The 
provider considering a reinfection diag-
nosis for a patient with development of 
recurrent symptoms after recovery from 
COVID-19 should take a detailed history, 
including for potential reexposures; con-
sider alternate diagnoses; and work with 
research and public health laboratories to 
evaluate whether a viral isolate distinct 
from the original one is present.

For now, the implications of the re-
cently described SARS-CoV-2 reinfection 
cases are uncertain. What is indisput-
able, however, is that we will only make 
progress in understanding these cases 
if clinicians, public health experts, basic 
and translational science researchers, and 
vaccinologists work together to deter-
mine the incidence of reinfection, why 
some people are susceptible and others 
are not, the immune and virologic correl-
ates of disease severity when reinfection 
occurs, and the longevity of infection- 
and vaccine-induced immune responses 
against SARS-CoV-2. Establishing ef-
fective and durable protective immunity 
through vaccination that reliably reduces 
COVID-19 disease may alter SARS-
CoV-2 to “only” another seasonal corona-
virus, a better situation than the one we 
are currently facing. The challenges are 
immense but so are the opportunities to 
apply the lessons from what we learn from 
reinfections to developing an effective and 
durable vaccine against SARS-CoV-2.
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