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Recently, there have been several
reports of SARS-CoV-2 “breakthrough”
infections that have occurred in recipients
of the FDA-approved SARS-CoV-2 vac-
cines (1). These reports have the poten-
tial to undermine public confidence in
the efficacy of these vaccines. Moreover,
the use of the term “breakthrough” infec-
tions implies that the virus broke through
a protective barrier provided by the vac-
cine. But is this what happened in these
cases? In most cases, the answer is no,
and this answer lies in the fundamental
understanding of the mucosal immune
system throughout the respiratory tract:
the upper respiratory tract and the lower
respiratory tract. The current vaccines
prevent COVID-19, by definition a lower
respiratory tract illness, in greater than
90% of recipients (2-5). Recent studies of
fully vaccinated individuals monitored by
routine nasal testing have shown marked
reductions, but not a complete absence,
of SARS-CoV-2-positive tests (6-9). We
believe it is a mistake to think that these
vaccines will prevent nasal (upper airway)
infection. This inference is based on the
current routes of immunization.

Immune response to
vaccination

The current vaccines elicit anti-spike IgG
as well as T cell responses that can be
detected in peripheral blood. However,
there is a paucity of data on whether these
intramuscular vaccines elicit respiratory
tract-specific immune responses such
as generation of tissue-resident memory
B cells (10) or T cells (11). In fact, this is
highly unlikely. Lessons from conjugated

Streptococcus pneumoniae vaccines show
strong effects in reducing meningitis and,
to a certain extent, pneumonia because
of S. pneumoniae serotypes in the vac-
cine (12). However, these vaccines do not
completely prevent nasal colonization by
S. pneumoniae (13). Prior clinical experi-
ence with the anti-respiratory syncytial
virus (anti-RSV) monoclonal antibody
(an IgGl isotype) had little effect on
RSV infection of the upper respiratory
tract but prevented RSV hospitalization
for lower respiratory tract infection (14).
Similarly, the seasonal inactivated influ-
enza vaccine delivered intramuscularly
protects individuals against acute respi-
ratory illness and is associated with high
levels of virus-neutralizing serum anti-
bodies, but does not block viral transmis-
sion as observed in cohorts that included
household contacts (15). On this basis, we
would predict that systemic IgG would
have little effect on nasal infection, nasal
carriage, or, more importantly, nasal
shedding of virus. Hence, vaccination
with the currently approved vaccines
will not eliminate the need to continue
some mitigation procedures such as mask
wearing and social distancing in high-
density-contact scenarios if high vaccina-
tion rates to achieve herd immunity are
not reached (16).

Expectations regarding
effective vaccines

We have not done a good job of commu-
nicating to the press or the public the
concept that limited nasal infection may
occur in vaccinated individuals. Under-
standing the regional aspects (upper
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versus lower respiratory tract) of vaccine
effectiveness are key to ensure public
confidence in the vaccines as well as
to help the public understand the need
to continue adhering to public health
mitigation recommendations. In other
words, we should expect SARS-CoV-2
vaccines to prevent disease, but without a
transmission-blocking vaccine or achiev-
ing herd immunity, we cannot expect
to vaccinate our way back to 100% of
our pre-pandemic activities. Moreover,
this highlights the need to also fund
basic research to develop safe muco-
sal vaccines that can generate tissue-
resident memory B and T cells in the
respiratory mucosa that may be more
effective in mediating sterilizing immu-
nity in the respiratory tract. In fact, a
recent study using mucosal adenovirus
vaccines appeared superior to intramus-
cular routes in controlling viral load in
the respiratory tract (17).

Defining breakthrough
infections

We need a more precise definition of what
a true breakthrough case is (Figure 1). We
suggest that breakthrough disease should
be defined by a positive SARS-CoV-2 PCR
test from the respiratory tract and docu-
mentation of lower respiratory tract dis-
ease (Figure 1). On the other hand, detec-
tion of the SARS-CoV-2 virus in the upper
respiratory tract in a fully vaccinated indi-
vidual with no symptoms or mild upper
respiratory tract infection symptoms (loss
of smell) would not meet the criteria for a
breakthrough infection. This is not to say
that these positive tests are not infections,
as they do carry the risk of transmission,
they are just not “breakthrough” infec-
tions. Perhaps they are best classified as
post-vaccination upper respiratory tract
infections. The formal criteria for a true
breakthrough infection could include evi-
dence of radiographic abnormalities, a
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Figure 1. Clinical scenarios and proposed classification of breakthrough infection based on disease in the lower respiratory tract. \We propose that break-
through infection after COVID-19 vaccination is defined by evidence of lower respiratory tract infection (LRI) and a positive PCR test for SARS-COV-2. Vaccinated
individuals who are asymptomatic or have symptoms limited to an upper respiratory tract infection (URI) are not experiencing a breakthrough infection,
although it is important to understand that these individuals may still be able to transmit virus. We also suggest that those individuals who do not mount an
effective immune response to vaccination do not represent cases of breakthrough infection. *Transmission risk is likely proportionate to the viral copy number.

widened alveolar-arterial (A-a) gradient,
or hypoxemia defined by low oxygen satu-
rations in the arterial blood by pulse oxim-
etry. These criteria will be critical to deter-
mine which positive SARS-CoV-2 tests are
true vaccine failures in the lower respirato-
ry tract versus the upper respiratory tract.
In the current environment of widespread
vaccine hesitancy, these distinctions will
be crucial to maintaining, and possibly
increasing, the public’s trust in vaccines as
well as understanding the role of vaccina-
tion in ending the pandemic.
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