
Herd immunization with childhood vaccination
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ABSTRACT

It may take time to obtain a vaccine for the current COVID-19, and the virus genome may keep an
evolution and mutations, so a universal and effective vaccine for the coronavirus may not be possible.
Epidemiological studies reveal the infection of SARS and COVID-19 in children is less frequent and less
severe than in adults. Childhood vaccine-mediated cross cellular immunity and immunomodulation
might provide protection against the infections of COVID-19. These data suggest that herd immuni-
zation with children vaccines in adults may improve the adult cross cellular immunity and immuno-
modulation and improve their clinical presentation and prognosis. This can be also useful to cope with
future pandemics.
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From Dec, 2019, an infection of a novel human coronavirus, named COVID-19 has been
devastating the world [1–3]. Children are usually more susceptible to viral infection than
adults do [4, 5], however, the incidence of COVID-19-infection and fatalities in children is
very low. In the age group of 0–9 years old, the incidence of infections is between 0.5% and
0.9% with no fatalities; in the age group of 10–19 years old, the infection rate is between 0.7%
and 1.2% with the fatality rate of 0.2% or lower than 0.2%. The infection symptoms in
children are usually less severe than that in adults, children are rarely recovered in the
intensive care unit [6, 7].

Coincidently, during the epidemic of severe acute respiratory syndrome (SARS) in 2003,
people between 20 and 40 years old were the most susceptible to the infection of SARS [8–
10], persons below the age of 20 were less susceptible, and the lowest incidence of morbidity
and mortality were among the individuals between 0 and 9 years old [11–14]. In contrast to
adult patients, the patients below 20 years of age usually experienced relatively mild symp-
toms and had a shorter duration of infection [11, 12, 15, 16].

Both children and adults were exposed to the same virulence of SARS/COVID-19, the
specific immunological features of children might be the keystone to play a different inter-
action between the host immune system and SARS/COVID-19 resulting in different clinical
outcomes between children and adults. The specific immunological features of children
might be the vaccine-mediated trained immunity [17] and the immunomodulation which
may benefit pediatric patients to mild their clinical presentation of SARS and COVID-19.

The innate immune cells (such as monocytes/macrophages) become memory cells after
pathogen/vaccine exposure, the memory cells can produce either an enhanced or attenuated
immune responses to the afterward exposure of the same or unrelated pathogens, which is
defined as trained immunity and immunomodulation [18]. Attenuated immune responses is a
kind of immunomodulation which can prevent the immune system from over-reacting against
the invading pathogens, because an over-reacting immune response cannot make a distinction
between self and non-self tissue leading to the unwanted damage to host tissues [19–22].

Vaccine-mediated enhanced trained-immunity is composed of the humoral (B–cells/
antibodies) and cellular immunity (T-cells). Natural killer (NK) cells can be from the B–cell
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and T-cell lineages, but NK cells are only involved in innate
immune responses [23–25]. With the binding of the vaccine-
antigen to the B–cell receptor and secondary signaling from
cytokines, the stimulated B–cells begin to mature into a
plasma cells and then produce of the particular antibody
with the best corresponding fit to the vaccine-antigen [23,
24]. The particular antibody can provide protection against
the specific reinfection of the vaccine-related pathogen. At
the same time vaccine-mediated cellular-immunity (NK
cells) and immunomodulation can confer non-specific cross
protection to other invading pathogens [26–28].

For example, measles-vaccination cannot only reduce
measles-associated fatality, but also very likely to decrease
other infection-related mortality [29]. Influenza vaccine can
confer the protection against flu, at the same time the vac-
cine is immune-modulator inducing NK cytotoxic response,
one month after the vaccination of influenza the level of NK
activity is still significantly higher than that before vacci-
nation, in addition to provide immunity against flu infec-
tion, the elevated NK activity can prevent other viral
infection [30].

In older children frequent vaccinations can stimulate the
humoral immunity to generate antibodies providing effec-
tive protection to eliminate the reinfection of vaccine-related
pathogens; and the vaccinations can activate the cellular
immunity and modulate the immune system, protecting the
host from other pathogen-associated infections, and pre-
venting the over-reaction of immune system [29]. However
in infants a state of partial immunization can induce a
relatively immature trained immunity and low level of cross
immunity, thus the clinical presentation of the infants
infected with COVID-19 are more severe compared to that
of the older children patients [31].

About 75–80% of the viral genome of the COVID-19 is
identical to that of the SARS [32]. Genetic resemblance sug-
gests that COVID-19 and SARS may share similar pathoge-
netic mechanisms [33, 34]. It is a reasonable to speculate that
the lower infectivity and fatality of SARS and COVID-19 in
children is related to the cross-immunity elicited in children
as a response to one or more of their childhood vaccines.

The effect of children vaccine-mediated humoral im-
munity on SARS had been investigated. The following vac-
cines had been tested, group A meningococcal
polysaccharide, measles, rubella, Bacille Calmette-Gu�erin,
mumps, diphtheria, pertussis, tetanus (DPT), Streptococcus
pneumoniae, Japanese encephalitis, varicella, hepatitis B vi-
rus, oral poliovirus vaccine, and Haemophilus influenzae
type b. Results showed these vaccines did not induce cross
reactive antibodies against SARS [35]. However the authors
did not investigate other possible cross-protective mecha-
nisms: vaccine mediated cross protection of cellular immu-
nity and immunomodulation.

Rotavirus vaccine was not tested in above study. The
rotavirus vaccine helps protect people against diarrhea and
vomiting caused by rotavirus, an interesting finding in the
infection of COVID-19 is that, only 13% of pediatric pa-
tients of COVID-19 experience the symptoms of diarrhea,
meanwhile 31% of adult patients of COVID-19 have the

symptoms of diarrhea [36], in another report 48.5% of adult
patients of COVID-19 have the symptoms of diarrhea [37].
The patients of COVID-19 with digestive symptoms, such as
anorexia or loss of appetite, diarrhea, vomiting, and
abdominal pain, have a worse clinical outcome and higher
risk of mortality compared to those without digestive
symptoms [37]. On the other hand, patients without diges-
tive issues are more likely to be cured and discharged from
the hospital [38]. The mild clinical presentations and the less
frequent symptom of diarrhea in pediatric patients might be
secondary to the cross cellular immunity and immunomo-
dulation induced by children vaccination. In fact, it has been
reported that vaccination can activate cellular immunity and
immunomodulation [26–28].

It may take time to obtain a vaccine for the current
COVID-19, and the virus genome may keep an evolution and
mutations, so a universal and effective vaccine for the coro-
navirus may not be possible. My suggestion is herd immu-
nization with children vaccines. We might try to vaccinate
adults with children vaccines, we can assign the participants
into various groups, such as the group of rotavirus vaccine,
the group of measles vaccines, the group of flu vaccines, and
the group of multiple vaccine combination, we can compare
the effectiveness of different groups and optimize our vacci-
nation design. The goal one is to increase cross cellular im-
munity, the goal two is to modulate adult immune system
preventing it from over-reacting with COVID-19 infection.
Vaccinating adults with children vaccine may not eradicate
the infection of COVID-19 immediately, but the clinical
presentation and patient prognosis might be improved, and
the potential benefit far outweigh the risk.
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