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Protecting everyone against
COVID-19 as soon as possible
Sixteen months have elapsed since the
emergence of SARS-CoV-2 in Wuhan,
China (1). Never before has the world
seen such an unprecedented, expedient
outpouring of vaccine candidates to bat-
tle a pandemic. And, perhaps aided by a
virus that initially seemed unusually meek
against vaccine strategies of all colors and
flavors, numerous immunogens achieved
surprisingly high efficacy against mild
COVID-19 symptoms in clinical trials (2-
6). However, the universality of the prob-
lem and the promiscuousness of respira-
tory transmission present two important
challenges that two separate studies, one
by Levi and Azzolini et al. and another by
Mazzoni and Di Lauria et al., in this issue
of the JCI address: how to protect everyone
as soon as possible and consequently also

Efforts to best protect the world from SARS-CoV-2 as variants emerge and
despite limited vaccine supply are ongoing. One strategy that may maximize
vaccine coverage and expedite immunization campaigns involves providing
single mRNA vaccine doses to individuals with previous COVID-19. In this
issue of the JC/, two independent studies, one by Levi and Azzolini et al.

and another by Mazzoni and Di Lauria et al., explored vaccine responses

in individuals previously infected with the virus. Levi and Azzolini and
colleagues used multilinear regression models to correlate exposure and
symptoms with antibody response to the vaccine. Mazzoni and Di Lauria and
colleagues characterized B cell and T cell kinetics in whole blood after one
and two doses of vaccine in health care workers with and without previous
infection. Both studies indicated that one vaccine dose may sufficiently
protect individuals who have recovered from COVID-19. Implementing a
single-dose mRNA vaccine protocol in previously symptomatic individuals
may facilitate and expedite immunization campaigns.

decrease the risk for emergence of resis-
tant variants that could send all our efforts
back to zero (7, 8).

Limiting mRNA vaccine

doses in previously infected
individuals

An attractive and practical approach to
these problems may be to spare vaccine
doses in previously infected individuals. In
recent weeks, a series of manuscripts from
different groups in Europe and the Unit-
ed States methodically began to unravel
the biological and functional rationale for
this clinical decision (9-12). Krammer et
al. sampled 110 volunteers in the Unit-
ed States and found that a single dose of
mRNA vaccine (BNT162b2 [Pfizer] or
mRNA1273 [Moderna]) in seropositive
individuals rapidly increased SARS-CoV-2
Spike IgG responses to titers similar or
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higher than those in seronegative subjects
receiving a two-dose regimen (9). A sim-
ilar effect was described in 72 health care
workers in the United Kingdom, includ-
ing a subgroup of seronegative volunteers
with strong T cell responses to non-Spike
antigens at baseline who exhibited titers of
anti-Spike antibody intermediate between
naive and seropositive groups 21 to 25 days
after receiving the first dose of BNT162b2
(10). SARS-CoV-2-specific T cell respons-
es to Spike peptides were also stronger in
individuals with previous natural infection.
Importantly, live SARS-CoV-2 neutraliza-
tion tests in a subset of subjects paralleled
the quantitative anti-Spike responses,
suggesting that vaccination of previously
infected individuals leads to strong neutral-
izing antibody responses after a single dose
of vaccine (10). Immunizing two or more
months after symptomatic infection may
enhance neutralizing capacity (12). These
findings were replicated indirectly by a
second study in the United States, using an
FDA-approved assay to measure antibod-
ies that block the interaction between the
SARS-CoV-2 receptor binding domain and
the human host receptor angiotensin-con-
verting enzyme 2 (ACE2) (11).

More doses may not always be
better

Levi and Azzolini et al. and Mazzoni and
Di Lauria et al. provide additional context
for these observations through the charac-
terization of variables associated with the
exponential increase in antibody respons-
es and the description of cellular immune
response kinetics after mRNA immuni-
zation of previously infected individuals.
Levi and Azzolini et al. (7) used multilin-
ear regression models to show that SARS-
CoV-2 exposure strongly and positively
correlated with the antibody response
to vaccine, and confirmed an important
insight for public health considerations:
symptoms matter. Vaccine responses in
asymptomatic/paucisymptomatic  previ-
ously infected subjects were intermediate
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between naive and individuals with classic
COVID-19 manifestations. In addition, the
data hints at a second important principle
in medical practice: more is not always
better. A small, in itself anecdotal, subset
of previously infected subjects who had
experienced florid symptomatology and
robust responses to the first dose of vaccine
experienced a reduction in antibody titers
upon receiving the second dose (7). This
observation is supported by the character-
ization of the kinetics of cellular immunity
in Mazzoni and Di Lauria et al. (8).

Mazzoni and Di Lauria and colleagues
reported SARS-CoV-2-specific B cell and
T cell kinetics in whole blood after one and
two doses of vaccine in health care work-
ers with and without previous infection.
In previously infected, symptomatic indi-
viduals immunized with the first dose of
BNT162b2 vaccine, Spike-protein reactive
B cells increased steadily until, with the
second inoculation, the effect triggered
by the immunogen reverted and specific
B cells began to decrease. Additionally,
no improvement in the CD4*' CD154%,
cytokine-positive T cell population was
observed after the second dose. The brisk
reactivation of cellular immunity after a
single dose of mRNA vaccine in previous-
ly infected, symptomatic subjects report-
ed by Mazzoni and Di Lauria and col-
leagues explains the anamnestic antibody
response now evident in all these related
publications (8).

Remaining questions
Many questions emerge from these evolv-
ing observations. Obviously, we wonder
how long responses to one single dose of
mRNA vaccine in previously infected indi-
viduals or against two doses in the entire
population will last (13). Moreover, many
regions of the world, particularly those in
greatest need for vaccine supply, are receiv-
ing products based on strategies other than
mRNA and we must rapidly learn whether
these findings are replicated with other
constructs (14). We may, in fact, be witness-
ing the first chapter of a complex, upcoming
jigsaw puzzle of vaccine combinations and
their effects on the immune response of
people living in many countries with inter-
mittent and varied vaccine menus.

A critical question that remains unan-
swered is whether a single dose of mRNA
BNT162b2 vaccine will suffice in previ-

ously infected, symptomatic subjects to
protect against new SARS-CoV-2 variants,
such as B.1.351. Neutralizing activity in
convalescent sera from individuals infect-
ed early in the pandemic with SARS-CoV-2
is worrisomely low against B.1.351. Fur-
ther, recent data suggest that a single dose
of mRNA vaccine in naive subjects may
be less effective against B.1.351 and oth-
er variants (15-18). If antibody titers fully
account for the poorly protective respons-
es against new SARS-CoV-2 variants in
convalescent sera and after a single-dose
mRNA immunization in naive individuals,
the strong anamnestic response elicited
by mRNA vaccines in previously infected
subjects should solve the problem. Howev-
er, if factors such as epitope specificity and
antibody affinity in responses triggered by
different variants matter, an original anti-
genic sin phenomenon after WT infection
could hamper the anamnestic antibody
response after a single dose of vaccine,
making a second dose necessary. Even-
tually, infections with new variants may
contribute to the expansion and protective
breadth of antibodies and memory B cells
in convalescent sera (19). Finally, immu-
nized individuals with prior symptomat-
ic illness and high titers of neutralizing
antibody against SARS-CoV-2 may make
excellent candidates to expand the pool of
donors of high-titer convalescent plasma
for early prevention of severe COVID-19
(20, 21). People in countries at the end of
the receiving line for vaccines need tempo-
rary solutions to mitigate this tragedy until
all have access to long-term protection.
Optimizing this process through focused
campaigns in populations sensitized by
prior personal experience and with high
antibody titers should help.

Conclusions

The studies described in this Commentary
are small, but the core concepts in all of
them coincide despite measuring differ-
ent components of the immune response
with different assays in different coun-
tries. Follow up in all of them has been
limited, although every intervention is
novel and has been monitored for a hand-
ful of months at best during this pandem-
ic. This said, nothing to date suggests that
recovered, symptomatic subjects would
benefit from a second dose of vaccine. The
immune status of the COVID-19 patient
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population at the time of vaccination is
evidently different from that of naive (or
asymptomatically infected) volunteers
who participated in the original trials (2, 3).

Emergence of new SARS-CoV-2 vari-
ants is starting to threaten our pool of vac-
cines, as data suggest that not every immu-
nogen will work equally well against the
variants over time (22, 23). This concern is
greater for vaccines available in develop-
ing countries. Most clinical decisions are
not simple and evidence is often limited,
but immunizing individuals previously
symptomatic due to COVID-19 with a sin-
gle dose of mRNA vaccine deserves seri-
ous consideration.
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