
Letter to the Editor
The efficacy of COVID-19
vaccines against the
B.1.617.2 (delta) variant

To the Editor,

The coronavirus disease 2019 (COVID-19)
pandemic continues to pose a serious threat
to people’s lives, owing to the variants,
particularly the B.1.617.2 (delta) variant.
We recently published a paper in Molecular
Therapy that studies the efficacy and safety
of COVID-19 vaccines in severe acute res-
piratory syndrome coronavirus 2 (SARS-
CoV-2).1 Here, we report analyses of the
efficacy of COVID-19 vaccines against the
delta variant. We evaluated the efficacy of
COVID-19 vaccines from the perspective
of overall infection, severe infection, and
fatal infection, following receipt of 3 types
of vaccines: messenger RNA (mRNA)-based
vaccine; viral vector (non-replicating) vac-
cine; and inactivated vaccine (no data
have been reported for other types of
vaccines).

We identified records by searching Google
Scholar, PubMed, Medline, Excerpt Medica
Database (EMBASE), and the Cochrane
Central Register of Controlled Trials
(CENTRAL) for “(COVID-19 vaccine),
B.1.617.2, and delta variant” on 11 August
2021. They comprised 7 clinical trials, 3 cat-
egories of vaccine (comprising 6 different
vaccines), and a total of 504,781 cases
(69,315 versus 435,466).2–8 A meta-analysis
was performed using R statistical software
(details are shown in supplemental informa-
tion, Figure S1, and Table S1).9

We first investigated the efficacy of COVID-
19 vaccines against overall infection by the
delta variant. The efficacy was 59% (95%
confidence interval [CI]: 26.13; 100) for inac-
tivated vaccines, 67.74% (95% CI: 62.26;
72.53) for viral vector vaccines, and 77.74%
(95% CI: 68.22; 88.59) for mRNA-based vac-
cines (Figures 1A and 1D). We next evalu-
ated the efficacy against severe infection
(defined as per World Health Organization
guidelines).2 The efficacy of inactivated vac-
cines was 70.2% (95% CI: 40.42; 100), of viral
vector (non-replicating) vaccines 95% (95%
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CI: 78.15; 100), and of RNA-based vaccines
89.25% (95% CI: 77.78; 100; Figures 1B
and 1D).

To further evaluate the efficacy of COVID-
19 vaccines against severe infection with
delta variant, we compared vaccinated and
un-vaccinated patients. Because the clinical
trials of viral vector (non-replicating) vac-
cines lack sufficient numbers of mild and
moderate cases and deaths, only mRNA-
based vaccines and inactivated vaccines
were included in this analysis. The results
showed that the incidence of death in the
entire vaccinated group was 0%, although
the rate in the un-vaccinated group was
1.25%–4.55%. Meanwhile, the incidence of
moderate infection in the vaccinated group
(6.73%–60%) was lower than that in un-
vaccinated group (19.32%–86.37%). The
RNA-based vaccines showed better protec-
tion than inactivated vaccines (Figures 1C
and 1D).

In term of efficacy against overall infection
by the delta variant, RNA-based vaccines
ranked first, followed by viral vector (non-
replicating) vaccines and inactivated vac-
cines, which is consistent with the results
against the original SARS-CoV-2 strain.
RNA-based vaccines may be more effective
against these mutant strains, owing to their
complete presentation of the full immuno-
genicity of SARS-CoV-2. However, the effi-
cacy of all vaccines was decreased against
the delta variant. The level of neutralizing
antibodies is an important factor in deter-
mining the effectiveness of vaccines. For all
types of vaccine, the titers of neutralizing an-
tibodies against the delta variant after infec-
tion were decreased compared with that of
original virus strains.10 At the same time,
some studies have found that the peak of
delta virus burden is the same in vaccinated
people compared to those who have not
been vaccinated.11 These findings may
explain the reduced effectiveness of the
vaccine. Chen et al.10 found that mRNA-
based vaccines produced the highest level
of neutralizing antibodies in both normal
vaccinated humans and in patients infected
with delta variant, which is consistent with
the efficacy analysis. However, for viral
vector (non-replicating) vaccines and inacti-
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vated vaccines, the titers of neutralizing
antibodies in vaccinated patients were
significantly lower than those in previously
infected patients,10 suggesting that they
carry insufficient immunogenicity, resulting
in decreased efficacy.

Although vaccination cannot completely
prevent infection by the COVID-19 delta
variant, protection against moderate and se-
vere infection remains satisfactory, and all
vaccines exhibit efficacy greater than 70%.
The viral vector (non-replicating) vaccines
exhibit the highest efficacy, but due to the
small sample size, this result is somewhat
biased. Vaccination can prevent death, and
the proportion of severe cases is also greatly
reduced compared to the un-vaccinated.
Therefore, vaccination remains an important
preventive method for the delta variant.
However, a noteworthy problem remains.
Whereas the vaccine could prevent moderate
and severe infections, the viral burden was
unchanged.11 This may delay diagnosis to a
certain extent and may thus increase the
risk of transmission, particularly to un-vacci-
nated people.12 Booster shots may address
this problem. Pouwels et al.11 comprehen-
sively compared the viral load and neutral-
izing antibody levels of the various strains
among previously infected, vaccinated, and
un-vaccinated people. They observed that
the risk of infection by the delta variant in
previously infected people was lower than
in vaccinated people and that the level of
neutralizing antibodies in previously in-
fected people was greater than in vaccinated
people,11 suggesting that antibodies against
the original virus strains still play an impor-
tant role in the control of current variant
strains, as do the COVID-19 vaccines.
Nevertheless, because efficacy is weakened
because of different levels of immunoge-
nicity, booster shots may strengthen protec-
tion by the vaccines.13,14 Some countries
have already approved the use of booster
shots, with prioritization of the immuno-
compromised.13 Another option is the devel-
opment of new vaccines; however, the virus
that causes COVID-19 mutates almost
once a week,15 and the rate of vaccine devel-
opment may be insufficient against this rate
of mutation, unless a vaccine with stronger
immunogenicity can be developed.
Cell Therapy.
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Figure 1. The efficacy of COVID-19 vaccines against the B.1.617.2 (delta) variant

(A) Overall infection. (B) Severe infection is shown. (C) The incidence of severity grade in vaccinated and un-vaccinated cases is shown. Death (red), moderate cases (dark

blue), and mild cases (light blue) are shown. (D) The details of efficacy of vaccines are shown.
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Our analysis has some limitations. Due to the
limited data for the delta variant and the fact
that all studies were test-negative design, re-
searchers have corrected vaccine efficiency
for different reasons, which results in a large
heterogeneity of the data. In addition, most
of the studies are published on pre-printed
platforms and have not yet undergone peer
review. Thus, there may be design flaws lead-
ing to data bias. Therefore, further real-
world data are needed for verification.

We conclude that the efficacy of all COVID-
19 vaccines has dropped against the delta
variant. Fortunately, the COVID-19 vaccines
exhibit satisfactory efficacy against severe
infection. Undoubtedly, vaccination is the
most promising means to control COVID-
19, including that caused by the delta variant.
Nonetheless, the vaccine booster shots
should be considered to combat COVID-19
variants.
SUPPLEMENTAL INFORMATION
Supplemental information can be found on-
line at https://doi.org/10.1016/j.ymthe.2021.
09.024.
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