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Vaccination Is the Only Acceptable
Path to Herd Immunity

Angela L. Rasmussen’*

Population-level herd immunity is critical for long-term control of
SARS-CoV-2. However, proposals to reach the herd immunity
threshold through naturally acquired infection, rather than vaccina-
tion, have complicated public health efforts and popularized pol-
icies that will lead to widespread transmission and mortality. Vacci-
nation is the only viable path to herd immunity.

Of the many strategies that have been
proposed for controlling the global co-
ronavirus disease 2019 (COVID-19)
pandemic caused by severe acute respi-
ratory syndrome coronavirus 2 (SARS-
CoV-2), herd immunity through natural
infection may be the most deeply
flawed and outright dangerous. In early
October, three scientists issued a docu-
ment called the Great Barrington Decla-
ration, calling for “focused protection”
of the vulnerable, while encouraging
young, healthy people to otherwise
resume their normal lives'. The justifica-
tion given for this approach is that the
whole community would benefit from
the protection conferred upon the
more vulnerable by others that have
built up herd immunity. This has influ-
enced public health policy in the United
States, as the authors of the declaration
met with members of the White House
Coronavirus Task Force and compelled
them to advocate for a focused protec-
tion strategy. In practice, this has
resulted in minimal federal guidance to
encourage essential interventions,
such as face masks and distancing, in-
tended to
These unfortunate developments in

reduce  transmission.
the pandemic response are based
on a fundamental misunderstanding
of herd
achieved. Herd immunity has never

immunity and how it is

been achieved through naturally ac-
quired infections and is only possible
at global population scale through
mass immunization.

Check for
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Herd immunity is based on our under-
standing of viral pathogens as obligate
intracellular parasites that require a
host for replication. If enough people
are immune to infection, then the virus
cannot be transmitted to new suscepti-
ble hosts and will be eliminated from
within  the
When a sufficient proportion of the

circulation population.
population are immune and thus thwart
the pathogen’s ability to circulate, that
population has reached the herd immu-
nity threshold. Throughout history,
consequential human pathogens that
caused debilitating disease, such as
smallpox and polio, have circulated
throughout the population for centuries
or millennia without ever reaching this
threshold. They have only been van-
quished through immunization cam-
paigns that have required years of effort
and investment.

Herd immunity is a relatively recent
concept, and some have taken um-
brage at the term as it equates human
populations with animals. However,
this reflects the origin of the term, which
was originally coined by livestock veter-
inarians in the early 20 century refer-
ring to epidemics of “contagious abor-
tion,” or pathogens that caused
spontaneous miscarriages in herds of
cattle and sheep. By the 1950s, the
term was applied to newly developed
vaccines and their potential for prevent-
ing widespread viral diseases such as
polio at population scale’. As herd im-
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munity as a concept became more
broadly associated with immunization
campaigns, it gained that specific
meaning. Until recently, herd immunity
generally referred to population immu-
nity acquired through vaccination.

The recent reversion of the term to its
original context—immunity acquired
through infection or immunization—
has created a host of misconceptions
about how the herd immunity threshold
might be reached for SARS-CoV-2. The
prospect of reaching herd immunity
through natural infection is not an expe-
ditious process, in part because of the
relationship between the herd immu-
nity threshold and the basic reproduc-
tion number (Rg). Rp measures the
average number of secondary infec-
tions caused by one infected person in
a population of completely susceptible
individuals. In the most basic terms, the
herd immunity threshold is defined
mathematically as 1-1/Ro°. Given that
estimates of Ry throughout the SARS-
CoV-2 pandemic around the world
have ranged from 2 to 3 in the absence
of interventions to reduce transmission,
the herd immunity threshold is esti-
mated to be in the range of 50%-67%".

However, Rg is not a static number,
making the herd immunity threshold
difficult to estimate. Ry is not solely
determined by viral infectivity and viru-
lence and rarely reflects the variables
present in the real world. Interventions
intended to reduce transmission can
reduce Rg substantially, as can many
variables that influence susceptibility,
including genetic traits, receptor distri-
bution, and immune status of the host.
Furthermore, even in populations that
are completely susceptible, they do
not remain completely susceptible
over time as a pathogen spreads
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Figure 1. SARS-CoV-2 Spread in Populations with Different Susceptibility
SARS-CoV-2 spread in a susceptible population (top panel) and in a population that has reached

the herd immunity threshold (lower panel).

through the population. For SARS-CoV-
2, Ro has varied by country and region,
depending on the intervention mea-
sures applied in those locations.
Although spread has
occurred in heavily affected countries,

even in the United States, which leads

substantial

the world in COVID-19 cases, large se-
roprevalence studies have indicated
that seroprevalence was generally less
than 10% after the first surge in spring
2020°. Current CDC estimates suggest
that seroprevalence around the United
States does not exceed 20%-25% in
heavily affected states such as New
York and is much lower throughout
most of the rest of the country®. While
seropositivity alone is not proof of pro-
tective immunity, the low overall sero-
prevalence suggests that the majority
of people have not been exposed.
Reaching herd immunity through natu-
rally acquired infection will at minimum
require doubling or tripling the number
of cases and require at least 2-3 years,
and possibly longer should community
transmission decrease. As more than
270,000 people in the United States
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have died of COVID-19 and millions
report persistent long-haul symptoms
after recovery, attempting to reach
herd immunity in this way would be
catastrophic.

Furthermore, relying on natural infec-
tion rather than vaccination to reach
the herd immunity threshold assumes
that infection and vaccination induce
comparable immune responses with
similar durability. There is growing evi-
dence that this is not the case. Many
pathogenic viruses, including SARS-
CoV-2, inhibit the activity of type | inter-
ferons, which drive innate antiviral re-
sponses that are critical to both initial
suppression of virus replication and
subsequent induction of robust adap-
tive immunity. SARS-CoV-2 infection
profoundly suppresses type | and type
Il interferons compared to influenza A
virus in vivo’. Systemic suppression of
type | interferon is associated with se-
vere COVID-19%, which is also linked
in multiple studies to lymphopenia’.
As type | interferons drive Th1 polariza-
tion, which enhances both neutralizing
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antibody and CD8+ cytotoxic T cell re-
sponses, it is reasonable to hypothesize
that the subversion of these responses
could impact adaptive mechanisms of
viral clearance and the development
of immunological memory. Although
most COVID-19 patients do develop
detectable antibody responses, multi-
ple studies have observed that serum
antibody titers may rapidly decline
within months, for SARS-CoV-2 as well
as other coronaviruses'®. While the sig-
nificance to functional immune protec-
tion is unknown, it does suggest that
SARS-CoV-2 infection may result in
atypical long-term immune responses.
A recent study showed substantial
depletion of follicular CD4+ T cells
and a loss of germinal centers in the
lymph nodes and spleens of patients
who died of COVID-19, and this was
accompanied by severely reduced
follicular B cells''. As follicular CD4+
T cells within germinal centers are
necessary for differentiation of memory
B cells, this finding suggests a possible
mechanism by which SARS-CoV-2
infection may impair the development
of long-lasting, durable immunity.

Immunity induced by vaccination is
likely to produce very different re-
sponses. The current vaccine candi-
dates in late-stage clinical trials do not
cause SARS-CoV-2 infection, therefore
will not interfere with or evade either
innate or adaptive immune responses.
Although several of the candidates are
viral-vectored vaccines, these undergo
an abortive, non-pathogenic replica-
tion cycle and do not suppress these
immune responses. Therefore, they
are less likely to result in subversion of
memory immune responses. Data from
pre-clinical and phase 1/2 trials support
this finding: while infection results in a
wide spectrum of antibody titers, im-
consistently  produces
neutralizing titers comparable to the

munization

highest titers seen in convalescent pa-
tients'?"3. While there is not yet data
on how this impacts durability, it sug-
gests that immune responses elicited
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by vaccines are fundamentally distinct
from those produced by naturally
Thus,
herd immunity through immunization
rather than infection will not only occur
more quickly and with vastly less

acquired infection. reaching

morbidity and mortality, it will likely
result in greater functional immune pro-
tection for a longer duration of time
(Figure 1).

Many questions remain about how herd
immunity will contribute to the ultimate
control of the SARS-CoV-2 pandemic
and the long-term prospects for pre-
venting future outbreaks. However,
several facts are abundantly clear.
Although vaccines, when available, will
require months to distribute and
tremendous efforts to overcome vac-
cine hesitancy, they still will reach the
herd immunity threshold, whatever
that may be, in far less time than natural
infection would permit. They may pro-
duce more robust, longer-lasting, and
more protective immune responses
than infection. Most importantly, de-
cades of reliable research demonstrate
that vaccines are a safe and highly
effective means of preventing wide-
spread infectious diseases and are the
only morally and scientifically accept-

able approach for achieving herd im-
munity at national or global scale.
Attempting to reach herd immunity
through natural infection will result in
devastating losses of both life and qual-
ity of life for those infected and are
completely insupportable as a public
health strategy for controlling a genera-
tional pandemic.
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SARS-CoV-2 Re-infections:
Lessons from Other Coronaviruses

Lia van der Hoek'*

Animal and human endemic coronaviruses have been known for de-
cades, as has their capacity to re-infect. In the COVID-19 pandemic,
itis key to reveal the factors that influence reinfection susceptibility.
In this commentary, | provide a view on endemic animal and human
coronaviruses and the correlates of protection to reinfection.

The current rapid transmission of SARS-
CoV-2 shows many signs of a so called
"virgin soil” pandemic, involving a pop-

Check for
Updates.

ulation at risk that had no previous con-
tact with a pathogen. Itis expected that
patients recovered from COVID-19 will

have immunity, protecting them from
reinfection. This acquired immunity
could, in theory, be either potent or
poor. Potent immunity would indicate
protection, requiring a higher dose of
virus to cause an infection. Poor or no
protective immunity represents a situa-
tion where waning of antibodies or
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