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According to Réltgen and
colleagues vaccination generates
antibody breadth, whereas SARS-
CoV-2 infection does not. Vaccina-
tion results in germinal center B cell
responses and generates immuno-
logical breadth, with antibodies that
bind viral variants. COVID-19 from
SARS-CoV-2 infection does not in-
duce germinal centers; it sustains
immune imprinting, also known as
‘original antigenic sin’, and this
results in limited immunological
breadth.

A recent study from Roltgen and col-
leagues in Cell [1] examined antibody re-
sponses induced by a range of vaccines
for coronavirus disease 2019 (COVID-19)
and compared them with responses in-
duced by prior infection. The main focus
was to see whether antibodies generated
in these different contexts differed in their
ability to recognize severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)
Spike proteins from variant viral strains.

Most currently used vaccines for COVID-19
express, or induce the expression of, the
Spike protein of the Wuhan-Hu-1 strain of
SARS-CoV-2. Chemically inactivated viral
vaccines in use are also based on the
Wuhan-Hu-1 strain of SARS-CoV-2 but
include all the proteins of the virus, not just
the Spike protein, albeit in a partially
denatured form.

The authors examined vaccinated sub-
jects from cohorts in Northern California

as well as from Mongolia and thus
accessed information about antibodies
made in response to an mMRNA vaccine,
two adenoviral vaccines, and one chemi-
cally inactivated vaccine. These were
compared with antibody responses in
COVID-19 patients. While it was already
known that mRBNA vaccination provides
higher titers of antibodies than other vac-
cine categories, these studies revealed
that vaccination in general generates
greater antibody breadth than natural
infection [1].

Natural infection with SARS-CoV-2 results
in a relatively large proportion of short
-lived IgM and IgA antibodies but also
generates some IgG responses. Overall,
the titers of antibodies generated during
acute COVID-19 can be comparable with
those seen with many vaccines. While
different vaccines produce different mag-
nitudes of antibody responses, there is
one significant feature that distinguishes
the antibodies generated by all vaccines
from those generated after natural
SARS-CoV-2 infection: vaccine-induced
antibodies have ‘breadth’ and these anti-
bodies acquire the ability to bind different
viral variant Spike proteins, such as those
from the beta, gamma, and delta SARS-
CoV-2 variants. Natural infection with
SARS-CoV-2 does not generate compa-
rable breadth.

One of the major changes that was seen
in severe COVID-19, and described in
the early months of the pandemic, was
the failure to form germinal centers, linked
specifically to the absence of Bcl-6 ex-
pressing CD4" T follicular helper cells
[2]. In contrast, subsequent studies that
sampled lymph nodes after mRNA vacci-
nation had, not surprisingly, revealed
the presence of robust germinal centers
(Figure 1) for at least 2 months after
vaccination [3].

In their studies [1], Roltgen and colleagues
confirmed previous findings [2,3] showing
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the absence of germinal centers in COVID-
19 and the robust formation of germinal
centers after vaccination (Figure 1). They ex-
tended these studies by examining the fate
of both the vaccine Spike mRNA and the
Spike protein in the lymph nodes of vacci-
nated individuals over a 2-month period
[1]. They showed the presence of Spike
protein in the germinal centers of lymph
nodes for almost 2 months after immuniza-
tion. Perhaps that was not surprising, given
the ability of follicular dendritic cells in germi-
nal centers to hold on to antigen—antibody
complexes for extended periods of time.
That might have been the presumptive in-
ference made to explain the persistence of
the Spike antigen, but for an even more re-
markable finding. What was particularly sur-
prising was the specific expression of Spike
mRNA for extended periods of time in the
germinal center regions of lymph nodes of
vaccinated individuals. Could continuing
persistence and translation of the mRNA in
lymph nodes be the underlying cause of
the persistence of antigen in germinal cen-
ters and indeed the prolonged life of germi-
nal centers after vaccination?

This final intriguing finding is quite remark-
able and needs to be validated by others.
A study performed prior to the pandemic
on MRNA vaccination in rhesus macaques
utilized novel tools to follow the fate of both
mRNA and protein but was performed
over a relatively short duration [4]. It would
be important for studies on non-human pri-
mates to be performed over extended time
periods with similar tools. mRNA modifica-
tions reduce immunogenicity but also
enhance translatability as well as mRNA sta-
bility. So, while survival of the mRNA in vivo
for a few more days may have been pre-
dicted in the Roltgen et al. study [1], the im-
portance of discovering whether mRNA
actually persists for weeks and months and
is translated for an extended period of time
cannot be overstated.

The concept of ‘original antigenic sin’
posits that antibodies induced upon the
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Figure 1. Spike vaccination generates greater antibody breadth than natural severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
and coronavirus disease 2019 (COVID-19). Vaccination leads to germinal center formation and greater antibody breadth while natural SARS-CoV-2 infection and
COVID-19 itself results in germinal center disruption and the production of antibodies with diminished breadth, as assessed by their relative inability to bind viral

variants [1]. Figure created with Biorender.com

first exposure to an antigen dominate
even after subsequent challenges with
antigens that vary slightly from the
original. This process has sometimes
also been called immune imprinting or
antigen imprinting [5,6]. It may well be
that ‘original antigenic sin’ only applies
to certain infections and not to all vacci-
nations. It is likely that ‘optimal’ immune
responses with proper germinal center
formation facilitate the ability for anti-
bodies to gain breadth and discern
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variant antigens, while suboptimal im-
mune responses do not. This study by
Scott Boyd'’s laboratory [1] provides some
interesting insights, some of which fit previ-
ous evidence for a suboptimal immune re-
sponse in acute COVID-19.
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