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Abstract

We analyzed published studies on the efficacy and safety of the third dose of the
COVID-19 vaccine in various general population settings. We conducted systematic
searches of PubMed and EMBASE for series published in the English language
through November 15, 2021, using the search terms “third” or “booster” or “three”
and “dose” and “COVID-19" or “SARS-CoV-2.” All articles were selected according to
the MOOSE guidelines. The seroconversion risk after third doses was descriptively
expressed as a pooled rate ratio ([seroconversion rate after the third dose]/[ser-
oconversion rate after the second dose]). The search returned 30 studies that in-
cluded a total of 2734437 vaccinated subjects. In more than 2700000 Israeli
patients extracted from the general population, the reduction in the risk of infection
ranged from 88% to 92%. Conversion rates for IgG anti-spike ranged from 95% to
100%. In cancer or immunocompromised patients, mean IgG seroconversion was
39.4% before and 66.6% after third doses. A third dose seems necessary to protect

against all COVID-19 infection, severe disease, and death risk.
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than 3 million subjects in the general population.® We analyzed
published reports about the efficacy and safety of the third dose of the

The fourth wave of the COVID-19 pandemic is ongoing around the
world. Despite new approved antiviral drugs and established suppor-
tive therapies, the role of vaccination remains crucial, particularly for
at-risk populations. In particular, cancer patients, elderly or frail sub-
jects, and other immunocompromised people (e.g., organ transplant
patients on immunosuppressive agents) may still be at risk despite full-
dose vaccination.” A study published in the New England Journal of
Medicine, based on data from the Israeli Ministry of Health, shows that
cases of infection and serious illness dropped “substantially” after a

third booster dose of the Pfizer vaccine was administered to more

COVID-19 vaccine in various settings in 2021.

2 | MATERIAL AND METHODS

This review was performed following Meta-analysis of Observational
Studies in Epidemiology (MOOSE) guidelines.

We conducted a systematic search in PubMed and EMBASE for
series published in the English language through November 15, 2021,

using the terms (“third” or “booster” or “three”) and “dose” and
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(“COVID-19” or “SARS-CoV-2"). Studies were included if they re-
ported the efficacy of the third dose in terms of infection rates and/
or mortality. Seroconversion rates before and after booster were also
reported. Both observational and retrospective studies and clinical
trials were analyzed. References of eligible studies were also
screened for any other potential publication suitable for inclusion in
this review.

Data were extracted from two reviewers (F. P. and M. C.). In-
formation extracted regarded type of study, year and country of origin,
type and number of boosted patients, type of initial two-dose vaccine
received, type and timing of third doses, median anti-spike IgG titers
before and after the booster, seroconversion rates, effectiveness, and
safety. Descriptive statistic was used to explain results. The primary
immunogenicity outcome of anti-spike IgG was reported for each
study before and after the third dose. In particular, the ratio of ser-
oconversion rates after third and second doses (rate ratios) where this
value was not reported directly. Other outcomes were infection rates
and mortality due to COVID-19. Informed consent was not necessary
in this paper because it provides a review of the literature. The risk of

bias was evaluated with Nottingham-Ottawa Scale.

3 | RESULTS

The search process identified 30 studies (Table 1; Supporting
Informations S1, S2, and S3), including four population-based ob-
servational studies from Israel, one retrospective analysis of the US
Phase 1-3 trials in which 23 patients received third doses of the
Pfizer-BioNTech vaccine after the recommendation released by
health authorities, one Chinese Phase 1-2 study in which patients
were randomized to two different vaccine doses (or placebo), an
additional cohort of 80 subjects from two previous trials who re-
ceived third doses of the Astra Zeneca vaccine. Two studies that
reported safety data alone were excluded. A third study reported
relative viral loads of Delta-variant in unvaccinated and boosted
subjects was not included. Twenty-one publications were retro-
spective or prospective case series in different high-risk populations
(hemodialyzed, transplant, or cancer patients). Finally, two other
series reported effects in health care workers and volunteers. Only
seven studies reported the rate of infections as the outcome. The
others reported seroconversion rates after the third dose and IgG
titers before and after the third dose, as well as safety data (Table 2).
Abbott or Roche assays were used in almost all studies. Samples for
all serologic tests were attained within 1 month after the third dose
date. Overall, 2734437 received three COVID-19 vaccine doses
(range: 10-1 137 804).

3.1 | General population (infection rate reduction)

In more than 2700000 Israeli patients extracted from the general
population, the reduction in the risk of infection ranged from 88%
to 92%.

3.2 | General population (seroconversion rate)
Conversion rates for IgG anti-spike ranged from 95% to 100%, in-
cluding a non-mRNA Chinese vaccine (ZF2001) assessed in a Phase 2
study by Yang et al. These were studies in the uninfected population
that received two previous doses of anti-COVID vaccines.

3.3 | Special populations (seroconversion rate)

In cancer patients or the immunocompromised (e.g., transplant re-
cipients), mean 1gG seroconversion was 39.4% before and 66.6%
after third dose administration (rate ratio 1gG titers of pre-and post-

third-dose vaccination 1.69).

3.4 | Adverse events
Safety was usually satisfactory with no serious adverse effects and
usually mild to moderate local and general side effects (adverse

events are reported in Table 2).

3.4.1 | Risk of bias and quality of evidence

The overall risk of bias was moderate-good for all studies except three

publications that scored 5 with NOS score (see Table 1 for details).
Quality of evidence was moderate for seroconversion rate with a

booster. Data from two observational cohorts and one case-control

study showed high evidence of a reduction in the risk of infection

with a third versus no third dose vaccination against COVID-19.

4 | DISCUSSION

Despite the vaccines' decline in effectiveness against infection over
time, as shown in the large-scale veteran analysis, vaccination against
COVID-19 remains the most effective means of fighting the pan-
demic. In the paper recently published in Science, Cohn et al. in fact
demonstrated that the vaccines' effectiveness against infection de-
clined from 87% to 48% from February to October 2021, but they
remained protective against death.” Protection levels against variants
and the ancestral virus is expected to decline over time. However,
boosting with mRNA vaccines may lead to high titers of neutralizing
antibodies, which may protect from symptomatic infection with
variants, probably during the first year. Despite a progressive decline
over time, neutralization strongly correlated with protection from
symptomatic infections with variants.”

Overall, the effectiveness of the third dose of the vaccines was
about 90% for the infection rate in the general population; for im-
munocompromised patients, the rate of seroconversion increased
from 39% to 66% and effective 1gG concentrations increased post
booster by about 69%.
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This overview can be summarized in three main messages, given the
limitations of limited follow-up, different vaccines administered, and the
various cut-off values used to validate serologic response with anti-
bodies. First, there is good evidence from prospective and randomized
studies (one with Moderna and one with a Chinese vaccine) that ser-
oconversion increased with a three-dose program compared to the
standard two-dose schedule, with only a minor increase in local and
systemic adverse events. In the transplant recipient trial conducted by
Hall et al, the increase in serologic response was characterized by an
anti-receptor-binding domain (RBD) antibody level of at least 100 U/ml
4 months after the third dose (Moderna), a 5-fold increase compared to
placebo. In the general Chinese population (median age 43 years), the
serologic response was excellent either before and after the third
(two levels) doses of an anti-RBD vaccine: from 95%-97% to 97%-99%.
This response was confirmed in two large studies in the general Israeli
population, in which the effectiveness of a third dose (given at least
5 months after the second) was higher compared to that of the initial
two doses (reductions of 91% and 95% and 88% and 91% for infection
and severe disease, respectively). Second, immunocompromised patients
have less robust serologic responses after booster vaccination but still
attain a significant benefit from the third dose. Finally, safety data were
scarce but with no indication of the new or added burden of toxicity
compared to data reported by other authors for two-dose regimens.®”

The limited observation period represents the main limitation of
the published literature in verifying the effectiveness (reduction in
the risk of infection compared to those vaccinated with the two-dose
regimen) of a third dose against, in particular, the Delta-variant. Other
significant limitations include (1) the lack of data on the booster ef-
fect magnitude in those who previously received a non mRNA vac-
cine (e.g., Astra Zeneca) and on the safety and effectiveness in
children and adolescents; (2) the retrospective and observational
nature of included studies with lack of large, well-conducted, Phase
Il trials; (3) absence of data about Omicron emergent infection type.

In conclusion, a third-dose booster seems necessary, despite not
providing complete protection at all against the risk of COVID-19 in-
fection, severe disease, and death. We confirmed the efficacy of
mRNA vaccine boosters for the general population not previously
exposed to COVID-19 infection, particularly in those over 40 years of
age with few or no comorbidities (from one large observational study
conducted in Israel), in those over 60 (from over 1 million vaccinated
patients in the real-world Israeli population), in those over 18 (from a
retrospective cohort study of >800 000 Israeli subjects), and those at
risk for severe COVID-19 because of comorbidities (from several small
studies conducted in transplant, hemodialyzed, or oncologic patients).
In particular, a weaker immune response may occur in these frail pa-
tients compared to the response in healthy subjects (median increase
of 70% in seroconversion rates). However, how long the increased
antibody response from the third dose will last remains uncertain.

Continuous monitoring of the vaccines' effectiveness is also
warranted.
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