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Figure 2. Estimated Vaccine Effectiveness against Hospitalization with Laboratory-Confirmed Covid-19 According to Vaccine Product, Age of Recipient, and Time of Full Vaccination.

The time of full vaccination was defined as at least 14 days after the final dose. Vaccine effectiveness was calculated as 1 minus the incidence rate ratio. I bars indicate 95% confi-
dence intervals.
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ニューヨーク州の成人8,690,825人のデータを用いて，BNT162b2，mRNA-1273，
Ad26.COV2.Sの各ワクチンの効果を評価した。3種のワクチンの重症化予防効果はデルタ株が

優勢になってからも大きくは低下しなかった

DOI: 10.1056/NEJMoa2116063

変異株とワクチン効果

SARS-CoV-2 variants of concern and variants under investigation in England: Technical briefing 33

26

Figure 10. Vaccine effectiveness against symptomatic diseases by period after dose 1 
and dose 2 for Delta (black squares) and Omicron (grey circles) for (A) recipients of 2 
doses of AstraZeneca (ChAdOx1) vaccine as the primary course and (B) recipients of 2 
doses of Pfizer (BNT162b2) vaccine as the primary course (C) recipients of 2 doses of 
Moderna (mRNA-1273) vaccine* as the primary course
Supplementary data is not available for this figure. 
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BACKGROUND
Despite the high efficacy of the BNT162b2 messenger RNA vaccine against severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), rare breakthrough infections 
have been reported, including infections among health care workers. Data are 
needed to characterize these infections and define correlates of breakthrough and 
infectivity.

METHODS
At the largest medical center in Israel, we identified breakthrough infections by 
performing extensive evaluations of health care workers who were symptomatic 
(including mild symptoms) or had known infection exposure. These evaluations in-
cluded epidemiologic investigations, repeat reverse-transcriptase–polymerase-
chain-reaction (RT-PCR) assays, antigen-detecting rapid diagnostic testing (Ag-RDT), 
serologic assays, and genomic sequencing. Correlates of breakthrough infection 
were assessed in a case–control analysis. We matched patients with breakthrough 
infection who had antibody titers obtained within a week before SARS-CoV-2 de-
tection (peri-infection period) with four to five uninfected controls and used gen-
eralized estimating equations to predict the geometric mean titers among cases 
and controls and the ratio between the titers in the two groups. We also assessed 
the correlation between neutralizing antibody titers and N gene cycle threshold 
(Ct) values with respect to infectivity.

RESULTS
Among 1497 fully vaccinated health care workers for whom RT-PCR data were 
available, 39 SARS-CoV-2 breakthrough infections were documented. Neutralizing 
antibody titers in case patients during the peri-infection period were lower than 
those in matched uninfected controls (case-to-control ratio, 0.361; 95% confidence 
interval, 0.165 to 0.787). Higher peri-infection neutralizing antibody titers were 
associated with lower infectivity (higher Ct values). Most breakthrough cases were 
mild or asymptomatic, although 19% had persistent symptoms (>6 weeks). The 
B.1.1.7 (alpha) variant was found in 85% of samples tested. A total of 74% of case 
patients had a high viral load (Ct value, <30) at some point during their infection; 
however, of these patients, only 17 (59%) had a positive result on concurrent Ag-RDT. 
No secondary infections were documented.

CONCLUSIONS
Among fully vaccinated health care workers, the occurrence of breakthrough in-
fections with SARS-CoV-2 was correlated with neutralizing antibody titers during 
the peri-infection period. Most breakthrough infections were mild or asymptom-
atic, although persistent symptoms did occur.
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tested positive for Covid-19, most had few symp-
toms, yet 19% had long Covid-19 symptoms 
(>6 weeks).

Most of the infected health care workers had 
N gene Ct values that suggested they had been 
infectious at some point. These workers includ-
ed some who had been asymptomatic and thus 
who had infections that would not have been 
detected without the rigorous screening that fol-
lowed any minor known exposure. This factor 
suggests that at least in some cases, the vaccine 
protected against symptomatic disease but not 
against infection. However, no secondary infec-
tions were traced back to any of the break-
through cases, which supports the inference 
that these workers were less contagious than 

unvaccinated persons, as has been reported pre-
viously.4,5,17,18 Mandated isolation after positive 
results on RT-PCR assay regardless of vaccina-
tion status could have contributed to this obser-
vation. Most important, we found that low titers 
of neutralizing antibody and S-specific IgG anti-
body may serve as markers of breakthrough in-
fection.

Identifying immune correlates of protection 
(or lack thereof) from SARS-CoV-2 is critical to 
predicting how the expected antibody decay will 
affect clinical outcomes, if and when a booster 
dose will be needed, and whether vaccinated 
persons are protected. Such capacity for predic-
tion is particularly important for new vaccine 
development. The assumption that the presence 

Figure 2. Neutralizing Antibody and IgG Titers among Cases and Controls, According to Timing.

Among the 39 fully vaccinated health care workers who had breakthrough infection with SARS-CoV-2, shown are the 
neutralizing antibody titers during the peri-infection period (within a week before SARS-CoV-2 detection) (Panel A) 
and the peak titers within 1 month after the second dose (Panel B), as compared with matched controls. Also shown 
are IgG titers during the peri-infection period (Panel C) and peak titers (Panel D) in the two groups. Each case of 
breakthrough infection was matched with 4 to 5 controls according to sex, age, immunosuppression status, and 
timing of serologic testing after the second vaccine dose. In each panel, the horizontal bars indicate the mean geo-
metric titers and the I bars indicate 95% confidence intervals. Symptomatic cases, which were all mild and did not 
require hospitalization, are indicated in red.
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ワクチン接種を完了した医療従事
者1497人のうち39名のブレイク

スルー感染。 

ブレイクスルー感染した人は、し
ていない人よりも感染直前の中和

抗体価が低かった。
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BNT162b2 Vaccine and SARS-CoV-2 Infection in Qatar

tiple chronic conditions and prioritized vaccina-
tion according to age group, this pattern of waning 
of protection could theoretically be confounded 
by effects of age and coexisting conditions. How-
ever, this possibility was not supported by our 
results, because a similar pattern of waning of 
protection was observed for all ages. Old age 
may (partially) serve as a proxy for coexisting 

conditions, and the number of persons with se-
vere or multiple chronic conditions is small 
among the young, working-age population of 
Qatar.17,28 The national list of vaccine prioritiza-
tion included only 19,800 persons of all age 
groups with serious coexisting conditions to be 
prioritized in the first phase of vaccine rollout.

Infection incidence was driven by different 

Figure 2. Effectiveness of the BNT162b2 Vaccine.

Data are presented as effectiveness point estimates, with I bars indicating the corresponding 95% confidence intervals. 
Covid-19 denotes coronavirus disease 2019.
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mRNAワクチンの重症化予防効果の推移
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Figure 1. Cycle Threshold (Ct) Counts and Infection Clearance Time.

Shown are Ct counts for participants infected with the alpha variant (Panel A), delta variant (Panel B), and variants that were not of current interest or concern (non–VOI/VOCs) 
(Panel C). Also shown are Ct counts among unvaccinated participants (Panel D) and vaccinated participants (Panel E). Data points for Ct counts that were obtained after the con-
clusion of a participant’s acute infection (as measured by the mean posterior infection clearance time) are partially transparent, since this period was not the focus of the study. 
The mean posterior viral trajectories are depicted as solid lines with 95% credible intervals indicated by the shaded regions. Also shown are individual-level posterior means for the 
peak viral load according to variant status (Panel F) and the mean clearance time according to vaccination status (Panel G). In Panels F and G, horizontal lines indicate means and 
I bars 95% credible intervals.
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アルファ株とデルタ株、その他の株と比較してウイルス量に有意差なし。 
ワクチン接種者では、非接種者と比較してピーク時のウイルス量に差はなかったが、ウイルスの

排出がなくなるまでの期間が短かった。

Pfizer 2-Dose Vaccine Effectiveness for Alpha vs. Delta

19

79

88

96

87

100

64 64

93

0

10

20

30

40

50

60

70

80

90

100

Alpha Delta

Confirmed
Infection

Symptomatic
Disease

Hospitalization
Or Death

Symptomatic
Disease

Hospitalization
Or Death

Confirmed
Infection

Symptomatic
Disease

Hospitaliz-
ation

*Note two different time periods in Israel

Sheikh et al. Lancet (2021): https://doi.org/10.1016/S0140-6736(21)01358-1; Lopez Bernal et al. medRxiv preprint; https://doi.org/10.1101/2021.05.22.21257658; Stowe 
et al. PHE preprint: https://khub.net/web/phe-national/public-library/-/document_library/v2WsRK3ZlEig/view/479607266; Nasreen et al.medRxiv preprint: 
https://doi.org/10.1101/2021.06.28.21259420; https://www.gov.il/en/departments/news/06072021-04

England/Scotland Canada Israelイギリス/スコットランド カナダ イスラエル

感染 
予防

発症 
予防

入院 
予防

発症 
予防

入院/死亡
の予防

入院/死亡
の予防

発症 
予防

感染 
予防

Pfizer 2-Dose Vaccine Effectiveness for Alpha vs. Delta

19

79

88

96

87

100

64 64

93

0

10

20

30

40

50

60

70

80

90

100

Alpha Delta

Confirmed
Infection

Symptomatic
Disease

Hospitalization
Or Death

Symptomatic
Disease

Hospitalization
Or Death

Confirmed
Infection

Symptomatic
Disease

Hospitaliz-
ation

*Note two different time periods in Israel

Sheikh et al. Lancet (2021): https://doi.org/10.1016/S0140-6736(21)01358-1; Lopez Bernal et al. medRxiv preprint; https://doi.org/10.1101/2021.05.22.21257658; Stowe 
et al. PHE preprint: https://khub.net/web/phe-national/public-library/-/document_library/v2WsRK3ZlEig/view/479607266; Nasreen et al.medRxiv preprint: 
https://doi.org/10.1101/2021.06.28.21259420; https://www.gov.il/en/departments/news/06072021-04

England/Scotland Canada Israel

アルファ デルタ

https://context-cdn.washingtonpost.com/notes/prod/default/documents/54f57708-a529-4a33-9a44-
b66d719070d9/note/7335c3ab-06ee-4121-aaff-a11904e68462.#page=1

アルファ株、デルタ株に対するmRNAワクチンの効果

Figure 1. Vaccine effectiveness against infection by Omicron or Delta among adults aged 18 years by time since latest dose 
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BNT162b2 Vaccine and SARS-CoV-2 Infection in Qatar

tiple chronic conditions and prioritized vaccina-
tion according to age group, this pattern of waning 
of protection could theoretically be confounded 
by effects of age and coexisting conditions. How-
ever, this possibility was not supported by our 
results, because a similar pattern of waning of 
protection was observed for all ages. Old age 
may (partially) serve as a proxy for coexisting 

conditions, and the number of persons with se-
vere or multiple chronic conditions is small 
among the young, working-age population of 
Qatar.17,28 The national list of vaccine prioritiza-
tion included only 19,800 persons of all age 
groups with serious coexisting conditions to be 
prioritized in the first phase of vaccine rollout.

Infection incidence was driven by different 

Figure 2. Effectiveness of the BNT162b2 Vaccine.

Data are presented as effectiveness point estimates, with I bars indicating the corresponding 95% confidence intervals. 
Covid-19 denotes coronavirus disease 2019.
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Waning Immunity after the BNT162b2 Vaccine

The confidence intervals were wide; however, 
the results suggest a monotonic increase in the 
rate of severe disease as time since vaccination 
increased.

The analysis was repeated with socioeconomic 
status as an additional covariate, with the use of 
four categories (0 to 3 [indicating low socioeco-
nomic level], 4 to 6 [indicating medium socio-
economic level], 7 to 10 [indicating high socioeco-
nomic level], and unknown) and yielded similar 
results with only slightly smaller rate ratios 
(Table S8). Similar results were obtained when 
the analysis was restricted to the general Jewish 
population (Table S9).

Discussion

The centralized health care system in Israel suc-
ceeded in vaccinating most of the Israeli popula-
tion relatively early and in a short time.13-15 This 
population is, therefore, useful for studying the 
effects of the BNT162b2 vaccine on the spread of 
SARS-CoV-2 infection and severity of Covid-19, 
as well as for studying the waning of vaccine 
protection over time. The appearance and rapid 
predominance of the delta variant in June 2021 
resulted in a dramatic increase in the number of 
new SARS-CoV-2 infections among fully vacci-
nated persons, which aroused concern regarding 

Figure 3. Rates of Documented SARS-CoV-2 Infection and Severe Covid-19, July 11 to 31, 2021.

Shown are the rates of documented infection per 1000 persons (Panel A) and rates of severe Covid-19 per 1000 per-
sons (Panel B), according to period of second dose of Covid-19 vaccine and age group. In the analyses in the age 
groups younger than 60 years, white bars represent periods during which vaccination was restricted to only desig-
nated groups (e.g., health care workers and severely immunocompromised adults). I bars represent 95% confidence 
intervals, which are not adjusted for multiplicity. In Panel A, white bars represent half a month; in Panel B, white 
bars represent a month.
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who received a primary course of the AstraZeneca vaccine (Figure 7A) or Pfizer (Figure 7B), in 

both cases booster doses were Pfizer. In all periods, effectiveness was lower for Omicron 

compared to Delta; with the exception of those who had their second dose of Pfizer 2 to 9 

weeks ago (which may reflect young adults who have recently received their second dose). 

From 2 weeks after a Pfizer booster dose, vaccine effectiveness increased to around 71% 

among those who received AstraZeneca as the primary course and around 76% among those 

who received Pfizer as the primary course.  

These early estimates suggest that vaccine effectiveness against symptomatic disease with the 

Omicron variant is significantly lower than compared to the Delta variant. Nevertheless, 

moderate to high vaccine effectiveness of 70 to 75% is seen in the early period after a booster 

dose.  

Figure 7: Vaccine effectiveness against symptomatic diseases by period after dose 1 and 
dose 2 for Delta (black squares) and Omicron (grey circles) for (A) recipients of 2 doses 
of AstraZeneca vaccine as the primary course and a Pfizer as a booster1 and (B) 
recipients of 2 doses of Pfizer vaccine as the primary course and a Pfizer as a booster 

Supplementary data are not available for this figure.  

1 The early observations for 2 doses of AstraZeneca are particularly likely to be unreliable as they are based on 
relative small numbers and are likely to reflect an older population and a population with more co-morbidities than 
those given the Pfizer vaccine, and this may explain the negative point estimates. 

These results should be interpreted with caution due to the low numbers and the possible 

biases related to the populations with highest exposure to Omicron (including travellers and 

their close contacts) which cannot fully be accounted for.  

With previous variants, vaccine effectiveness against severe disease, including hospitalisation 

and death, has been significantly higher than effectiveness against mild disease (that is those 

detected through community testing and included here). It will be a few weeks before 

effectiveness against severe disease with Omicron can be estimated, however based on this 

experience, this is likely to be substantially higher than the estimates against symptomatic 

オミクロン

デルタ

ワクチン接種からの週数

ワ
ク
チ
ン
に
よ
る
発
症
予
防
効
果
（
%
）

2-9週後 
2回接種

10-14週後 
2回接種

15-19週後 
2回接種

20-24週後 
2回接種

25週後以降 
2回接種

ブースター接種 
から2週後

ファイザー社のmRNAワクチン2回接種後およびブースター接種後のワクチンの有効性

SARS-CoV-2 variants of concern and variants under investigation in England: technical briefing 31

n
 en

g
l j m

ed
   

n
ejm

.o
rg

6

T
h

e n
e

w
 e

n
g

l
a

n
d

 jo
u

r
n

a
l

 of m
e

d
ic

in
e

Figure 1. Estimated Vaccine Effectiveness against Laboratory-Confirmed Coronavirus Disease 2019 (Covid-19) According to Vaccine Product, Age of Recipient, and Time of Full Vac-
cination.

The time of full vaccination was defined as at least 14 days after the final dose. Vaccine effectiveness was calculated as 1 minus the hazard ratio. The shaded areas indicate 95% 
confidence intervals.
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ニューヨーク州の成人8,690,825人のデータを用いて，BNT162b2，mRNA-1273，
Ad26.COV2.Sの各ワクチンの効果を評価した。3種のワクチンの感染予防効果はデルタ株が優

勢になってから低下した

Figure 1. Vaccine effectiveness against infection by Omicron or Delta among adults aged 18 years by time since latest dose 
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BACKGROUND
Despite high vaccine coverage and effectiveness, the incidence of symptomatic 
infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has 
been increasing in Israel. Whether the increasing incidence of infection is due 
to waning immunity after the receipt of two doses of the BNT162b2 vaccine is 
unclear.

METHODS
We conducted a 6-month longitudinal prospective study involving vaccinated 
health care workers who were tested monthly for the presence of anti-spike IgG 
and neutralizing antibodies. Linear mixed models were used to assess the dynam-
ics of antibody levels and to determine predictors of antibody levels at 6 months.

RESULTS
The study included 4868 participants, with 3808 being included in the linear 
mixed-model analyses. The level of IgG antibodies decreased at a consistent rate, 
whereas the neutralizing antibody level decreased rapidly for the first 3 months 
with a relatively slow decrease thereafter. Although IgG antibody levels were 
highly correlated with neutralizing antibody titers (Spearman’s rank correlation 
between 0.68 and 0.75), the regression relationship between the IgG and neutral-
izing antibody levels depended on the time since receipt of the second vaccine 
dose. Six months after receipt of the second dose, neutralizing antibody titers were 
substantially lower among men than among women (ratio of means, 0.64; 95% 
confidence interval [CI], 0.55 to 0.75), lower among persons 65 years of age or 
older than among those 18 to less than 45 years of age (ratio of means, 0.58; 
95% CI, 0.48 to 0.70), and lower among participants with immunosuppression 
than among those without immunosuppression (ratio of means, 0.30; 95% CI, 
0.20 to 0.46).

CONCLUSIONS
Six months after receipt of the second dose of the BNT162b2 vaccine, humoral re-
sponse was substantially decreased, especially among men, among persons 65 years 
of age or older, and among persons with immunosuppression.
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Waning Immunity after the BNT162b2 Vaccine

The confidence intervals were wide; however, 
the results suggest a monotonic increase in the 
rate of severe disease as time since vaccination 
increased.

The analysis was repeated with socioeconomic 
status as an additional covariate, with the use of 
four categories (0 to 3 [indicating low socioeco-
nomic level], 4 to 6 [indicating medium socio-
economic level], 7 to 10 [indicating high socioeco-
nomic level], and unknown) and yielded similar 
results with only slightly smaller rate ratios 
(Table S8). Similar results were obtained when 
the analysis was restricted to the general Jewish 
population (Table S9).

Discussion

The centralized health care system in Israel suc-
ceeded in vaccinating most of the Israeli popula-
tion relatively early and in a short time.13-15 This 
population is, therefore, useful for studying the 
effects of the BNT162b2 vaccine on the spread of 
SARS-CoV-2 infection and severity of Covid-19, 
as well as for studying the waning of vaccine 
protection over time. The appearance and rapid 
predominance of the delta variant in June 2021 
resulted in a dramatic increase in the number of 
new SARS-CoV-2 infections among fully vacci-
nated persons, which aroused concern regarding 

Figure 3. Rates of Documented SARS-CoV-2 Infection and Severe Covid-19, July 11 to 31, 2021.

Shown are the rates of documented infection per 1000 persons (Panel A) and rates of severe Covid-19 per 1000 per-
sons (Panel B), according to period of second dose of Covid-19 vaccine and age group. In the analyses in the age 
groups younger than 60 years, white bars represent periods during which vaccination was restricted to only desig-
nated groups (e.g., health care workers and severely immunocompromised adults). I bars represent 95% confidence 
intervals, which are not adjusted for multiplicity. In Panel A, white bars represent half a month; in Panel B, white 
bars represent a month.
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addition, our two analyses involving negative out-
come controls13 suggested little confounding. 
Second, the possibility of outcome misclassifica-
tion cannot be ruled out if veterans obtained 
care outside the VA health care system. However, 
our use of the VA Covid-19 National Surveillance 
Tool allowed us to integrate data on laboratory 
tests with natural language processing of clini-
cal notes to capture infections documented in-
side and outside the VA health care system. Fur-

thermore, our eligibility criteria were designed to 
select regular VA users with a known residential 
address to improve outcome ascertainment. Even 
in the presence of residual misclassification, we 
would expect this to be nondifferential between 
the vaccination groups under comparison; non-
differential misclassification would have minimal 
influence on the relative measures of effect, al-
though the absolute risks may have been slightly 
underestimated. Finally, our study population was 

Figure 2. Cumulative Incidence of Covid-19 Outcomes during a Period Marked by SARS-CoV-2 Alpha-Variant Predominance (January 4–
July 1, 2021).

Shaded areas represent pointwise 95% confidence intervals. ICU denotes intensive care unit.
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BNT162b2ワクチンまたはmRNA-1273ワクチンの初回接種を受けた米国退役軍人の電子健康
記録を用いて，各ワクチン群219,842人を6ヶ月間追跡した研究。
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ethnic and racial groups. These findings are 
based on a median follow-up of 148 days in the 
blinded phase and are similar to those observed 
previously at a median follow-up of 64 days, in-
dicating that the high efficacy of the mRNA-
1273 vaccine is maintained in the medium term. 
Of importance, the vaccine provided substantial 
protection against asymptomatic infection (63%; 
95% CI, 56.6 to 68.5), though at a lower vaccine 
efficacy than that for symptomatic infection. 
The efficacy of the mRNA-1273 vaccine did not 
wane up to 4 months after the second injection 
and beyond. It is notable that the efficacies 
found in phase 3 trials of Covid-19 vaccines have 
thus far translated into high effectiveness in the 
general population, including effectiveness against 
variants of concern that are associated with re-
ductions in neutralization, such as the B.1.351 
(beta) and B.1.617.2 (delta) variants.8,12-15 Addi-
tional data gathered from regions with current 
and potential surges in transmission of variants 

of concern are important toward informing 
strategies for administering additional doses of 
vaccine.

No safety concerns were identified in this 
trial. However, robust safety surveillance sys-
tems have identified rare events during the 
global distribution of Covid-19 vaccines that the 
phase 3 studies were not powered to detect; 
thus, continued vigilance is warranted, including 
monitoring for anaphylactic reactions, especially 
in persons with allergic phenotypes, and for 
other potential unexpected reactions, such as 
myocarditis in adolescents and young adults.16 
Given the high efficacies of the vaccines1,3,17 and 
the burden of the pandemic, the risk–benefit 
ratio remains strongly in favor of broad deploy-
ment of the vaccines. Despite differences in the 
definitions of disease severity, the vaccine effi-
cacy is supported by real-world data: vaccination 
has been shown to be highly effective in pre-
venting severe Covid-19, associated hospitaliza-

Figure 5. Incidence of Covid-19 According to Time Periods in the Per-Protocol Population.

The incidence rate based on adjudicated Covid-19 cases was defined as the number of participants with an event during the period di-
vided by the number of participants at risk at the beginning of each period and adjusted by person-years (total time at risk) in each treat-
ment group. The dashed vertical line represents a vaccine efficacy of 30% based on the null hypothesis that the primary efficacy of the 
mRNA-1273 vaccine is 30% or less. The number of person-years was calculated from randomization to the date of onset of Covid-19, 
the end of each time period, the last date of participation in the trial, or the efficacy data cutoff date, whichever date was the earliest. 
For the analysis of time intervals starting from 14 days after the first injection, starting from the second injection, and starting 14 days 
after the second injection, assessed every 2 months, person-years for each time period were defined starting from the beginning of each 
time interval and truncating at the end of the interval (if there was an ending time). Vaccine efficacy was defined as 1 minus the hazard 
ratio (mRNA-1273 vs. placebo). The 95% confidence interval for the ratio was calculated with the exact method, conditional on the total 
number of cases and adjusted for person-years for the time period. The data cutoff date was March 26, 2021.
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BACKGROUND
At interim analysis in a phase 3, observer-blinded, placebo-controlled clinical trial, 
the mRNA-1273 vaccine showed 94.1% efficacy in preventing coronavirus disease 
2019 (Covid-19). After emergency use of the vaccine was authorized, the protocol 
was amended to include an open-label phase. Final analyses of efficacy and safety 
data from the blinded phase of the trial are reported.

METHODS
We enrolled volunteers who were at high risk for Covid-19 or its complications; 
participants were randomly assigned in a 1:1 ratio to receive two intramuscular 
injections of mRNA-1273 (100 µg) or placebo, 28 days apart, at 99 centers across 
the United States. The primary end point was prevention of Covid-19 illness with 
onset at least 14 days after the second injection in participants who had not previ-
ously been infected with the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2). The data cutoff date was March 26, 2021.

RESULTS
The trial enrolled 30,415 participants; 15,209 were assigned to receive the mRNA-
1273 vaccine, and 15,206 to receive placebo. More than 96% of participants re-
ceived both injections, 2.3% had evidence of SARS-CoV-2 infection at baseline, and 
the median follow-up was 5.3 months in the blinded phase. Vaccine efficacy in 
preventing Covid-19 illness was 93.2% (95% confidence interval [CI], 91.0 to 94.8), 
with 55 confirmed cases in the mRNA-1273 group (9.6 per 1000 person-years; 95% 
CI, 7.2 to 12.5) and 744 in the placebo group (136.6 per 1000 person-years; 95% 
CI, 127.0 to 146.8). The efficacy in preventing severe disease was 98.2% (95% CI, 
92.8 to 99.6), with 2 cases in the mRNA-1273 group and 106 in the placebo group, 
and the efficacy in preventing asymptomatic infection starting 14 days after the 
second injection was 63.0% (95% CI, 56.6 to 68.5), with 214 cases in the mRNA-
1273 group and 498 in the placebo group. Vaccine efficacy was consistent across 
ethnic and racial groups, age groups, and participants with coexisting conditions. 
No safety concerns were identified.

CONCLUSIONS
The mRNA-1273 vaccine continued to be efficacious in preventing Covid-19 illness 
and severe disease at more than 5 months, with an acceptable safety profile, and 
protection against asymptomatic infection was observed. (Funded by the Bio-
medical Advanced Research and Development Authority and the National Institute 
of Allergy and Infectious Diseases; COVE ClinicalTrials.gov number, NCT04470427.)
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Figure 1. Wuhan-hu-1, PMS20, and Omicron Plasma Neutralizing Titers.

Panel A shows the trajectories of NT
50

 values against Wuhan-hu-1, polymutant spike protein (PMS20), and omicron 
pseudotypes in previously unvaccinated persons who had recovered from Covid-19, measured approximately 1 month 
(mean ±SD, 41±12 days) and 6 months (194±12 days) after infection and then at approximately 1 year (360±15 days) 
after infection, which corresponded to 41±21 days after vaccination (“plus vaccine”) (see Table S2). Panel B shows the 
trajectories of NT

50
 values against Wuhan-hu-1, PMS20, and omicron pseudotypes in persons who had received an 

mRNA vaccine, measured 1 month (42±19 days) and 5 months (165±33 days) after the second dose of an mRNA vac-
cine and at 30±18 days after the third dose (“boost”) that was administered at least 6 months after the second dose.
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• 過去にファイザー社ワクチン2回接種を完了した16歳以上10,000名以
上が対象 

• 2回目接種から追加接種（またはプラセボ接種）までの期間中央値は
約11か月 

• 研究期間中、追加接種群で5名、非追加接種群で109名の新型コロナ
ウイルス感染が発生した。  

• 過去に新型コロナウイルス感染歴のない者において、非追加接種群
と比較した時の、追加接種の発症予防効果は95.6% [95% CI: 89.3-
98.6]であった。  

• 年齢、性別、人種、民族、合併症の状況それぞれのサブグループ解
析でも一致した結果が得られた。

https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-announce-phase-3-trial-data-showing
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did GMTs against wild-type virus, to more than 
15 times as high (in younger adults) and more 
than 20 times as high (in older adults) as those 
after dose 2, reducing the gap between neutral-
ization of wild-type virus and the beta variant. 
Fourth, neutralization GMTs decreased from 7 

days to 1 month after dose 2 but increased from 
7 days to 1 month after dose 3. A similar pattern 
of broader neutralization (i.e., against variant 
strains) and higher GMTs after dose 3 was seen 
in assays of neutralization GMTs against recom-
binant virus with delta variant spike protein on 
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Figure 1. Estimated Vaccine Effectiveness for Laboratory-confirmed COVID-19 Cases, by Vaccine Product, Age, and Timing of Vaccination 
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2021年5月1日－9月3日の研究期間
における新型コロナワクチンの有効性
(感染・入院予防効果)を追跡した前向

きコホー ト研究。 

8,834,604名(うちモデルナ接種者
2,400,296名)が解析された。 

2021年1-4月に2回目接種を完了した
3コホートのモデルナの感染予防効果 

18-49歳：96.5%→ 78.4%  
50-64歳：97.4% → 82.9%  
65歳以上：96.2% → 84.3%

doi: https://doi.org/10.1101/2021.10.08.21264595
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BNT162b2 Booster against Covid-19 in Isr ael

by a factor of 10. This would mean that the sus-
ceptibility of a person who receives a booster 
dose would decrease to approximately 5% (i.e., 
50% divided by 10) relative to that in an unvac-
cinated person and would bring the vaccine effi-
cacy among booster recipients to approximately 
95%, a value similar to the original vaccine effi-
cacy reported against the alpha variant.9,18

Although our analysis attempted to address 
possible biases in the source data, such as the 
effects of confounders and behavioral changes 
after vaccination, some sources of bias may not 
have been measured or corrected adequately. 
These biases include differences between the 
booster recipients and those who did not receive 
the booster with respect to care-seeking behav-
iors and cautiousness, along with differences in 
coexisting illnesses that are not recorded in the 
national database. Some of these possible biases 
are transient and fade with time after the booster 
vaccination, as schematically shown in Figure S1. 
This suggests that the real effectiveness of vac-
cination can be estimated by comparing infec-
tion rates before receipt of the booster dose and 
after a suitable time period (e.g., 12 days) follow-

ing vaccination. Although independent research 
is required to fully understand this behavioral 
model, several indications suggest that our 12-day 
cutoff is reasonable. First, persons tend to under-
go fewer PCR tests on the day of vaccination and 
during the subsequent few days, which is a po-
tential source for detection bias. Consistent with 
such behavioral change is the pattern shown in 
Figure 2, which indicates a large reduction in 
infection rate on the first day after vaccination, 
a decrease that is attenuated during the subse-
quent days before starting to increase as the 
booster dose becomes effective.

Confounding and detection bias may contrib-
ute to the observed reduction in the infection 
rate. We can put a lower boundary on the effect 
of the booster dose by focusing on persons who 
received the booster dose and comparing rates 
during a period in which the booster effect was 
expected to be small with rates during a period 
in which the booster had become effective. We 
therefore compared the rates at least 12 days 
after receipt of the booster with rates during 
days 4 to 6, when the booster effect was ex-
pected to be small and behavioral changes after 

Figure 2. Reduction in Rate of Confirmed Infection in Booster Group as Compared with Nonbooster Group.

Shown is the factor reduction in the rate of confirmed infection among participants who received a third (booster) 
dose of the BNT162b2 vaccine as compared with those who did not receive a booster dose, according to the number 
of days after the administration of the booster dose. Because of wide confidence intervals, only days 1 through 25 
are shown. The dashed horizontal line represents the level at which the booster dose provided no added protection. 
The I bars represent 95% confidence intervals, which have not been corrected for multiplicity.
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60歳以上の高齢者に対してブースター接種した場合、 
接種していない人と比較して11.3倍感染を予防し、 

また19.5倍重症化を防いだ
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Figure 2. Reduction in Rate of Confirmed Infection in the Booster Group as Compared with the Nonbooster Group.

Shown is the factor reduction in the rate of confirmed infection among participants who received a third (booster) 
dose of the BNT162b2 vaccine as compared with those who did not receive a booster dose, according to the num-
ber of days after the administration of the booster dose, for different age groups. The I bars represent 95% confi-
dence intervals, which have not been corrected for multiplicity.
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ブースター群では非ブースター群に比べ
て感染者が約10分の1に低下した。 
ブースター接種はそれぞれの年齢にお

いて有効であった。
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delta variant. The durability of the effect of the 
third dose of vaccine against Covid-19 is yet to 
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Figure 1. Neutralization Efficiency against Wild-Type Virus and the Beta, Delta, and Omicron Variants of Concern.

Serum samples were obtained from 20 health care workers who had received two doses of the BNT162b2 vaccine 
(Panels A and B) and from 20 who had received three doses (Panels C and D). Samples were tested by microneu-
tralization against wild-type severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and the B.1.351 (beta), 
B.1.617.2 (delta), and B.1.1.529 (omicron) variants of concern. Dashed lines in Panels A and C indicate the cutoff 
 titer. Geometric mean titers (horizontal lines) with 95% confidence intervals (I bars) are presented, as well as the 
geometric mean titer value. Dots indicate individual serum samples. The factor reduction as compared with wild-
type virus is shown for samples obtained from participants who had received two doses of vaccine (Panel B) and 
those obtained from participants who had received three doses (Panel D). For these analyses, the mean factor dif-
ferences between wild-type SARS-CoV-2 and the variants of concern were calculated for each participant; the means 
of the individual values are shown here. Error bars in Panels B and D indicate the standard error.
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and because they are less likely to be affected by biases 
stemming from a differential tendency to be tested that 
is expected to exist between the study groups.

Secondary outcomes were less severe: documented 
SARS-CoV-2 infection confirmed by positive PCR test 
and symptomatic infection.

For each outcome, matched pairs of individuals were 
followed from the start of follow-up until the earliest of: 
documentation of the outcome, end of the study calendar 
period (Sept 26, 2021), or death. We also ended the follow-
up of a matched pair if the control individual received the 
third dose. Outcomes were ascertained in the period 
starting 7 days after receipt of the third dose in the 
vaccinated, similar to the period used to determine full 
vaccination after the second dose, and until the end of 
follow-up.

Statistical analysis
We used the Kaplan-Meier estimator18 to construct 
cumulative incidence curves and to estimate the risk for 
each outcome. The risks were compared via ratios and 
differences. We estimated the risk ratio for each outcome 
using only matched pairs in which both individuals were 
still at risk 7 days after receipt of the third vaccine dose in 
those vaccinated. We analysed outcomes in the full 
population and in subgroups defined by strata of age, 
sex, and number of comorbidities. 95% CIs were 
calculated using the nonparametric percentile bootstrap 
method with 1000 repetitions. The effectiveness of the 
third dose was estimated as 1 – risk ratio. As a sensitivity 
analysis, vaccine effectiveness was also estimated as 
1 – incidence rate ratio derived from a Poisson regression 
using the same dataset, with no further adjustment. 
Analyses were done using R software (version 4.0.4).

We conducted an ecological analysis in which we 
plotted daily incidence proportions of SARS-CoV-2 
infection (ie, positive PCR test) among the at-risk 
population by age group around the time the third dose 
vaccination campaign started.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Between July 30, 2020, and Sept 23, 2021, 1 158 269 indi-
viduals were eligible to be included in the third dose group 
(appendix pp 20–21, 23). After matching, the third dose 
and control groups each included 728 321 individuals, with 
a median age of 52 years (IQR 37–68) and 51% were 
female (table 1). Baseline demographics were similar 
between the eligible population (ie, 1 158 269 indi viduals) 
and the matched population included in the study. Total 
follow-up time was 12 632 473 days, with a median follow-
up time of 13 days (IQR 6–21) after the first 7 days in both 
groups, and a maximum follow-up time of 55 days.

Effectiveness of the third vaccine dose, compared with 
two doses only, was estimated to be 93% (95% CI 88–97; 
231 events for two doses vs 29 events for three doses) 
against admission to hospital, 92% (82–97; 157 vs 
17 events) against severe disease, and 81% (59–97; 44 vs 
seven events) against COVID-19-related death (table 2). 

Figure 1: Cumulative incidence curves comparing COVID-19-related admission to hospital (A), severe 
disease (B), and death (C) in individuals who received two versus three doses of the BNT162b2 mRNA 
COVID-19 vaccine
The dashed vertical line indicates day 7, on which the main analysis period begins.
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Effectiveness of a third dose of the BNT162b2 mRNA 
COVID-19 vaccine for preventing severe outcomes in Israel: 
an observational study
Noam Barda*, Noa Dagan*, Cyrille Cohen, Miguel A Hernán, Marc Lipsitch, Isaac S Kohane, Ben Y Reis†, Ran D Balicer†

Summary
Background Many countries are experiencing a resurgence of COVID-19, driven predominantly by the delta (B.1.617.2) 
variant of SARS-CoV-2. In response, these countries are considering the administration of a third dose of mRNA 
COVID-19 vaccine as a booster dose to address potential waning immunity over time and reduced effectiveness 
against the delta variant. We aimed to use the data repositories of Israel’s largest health-care organisation to evaluate 
the effectiveness of a third dose of the BNT162b2 mRNA vaccine for preventing severe COVID-19 outcomes.

Methods Using data from Clalit Health Services, which provides mandatory health-care coverage for over half of the 
Israeli population, individuals receiving a third vaccine dose between July 30, 2020, and Sept 23, 2021, were matched 
(1:1) to demographically and clinically similar controls who did not receive a third dose. Eligible participants had 
received the second vaccine dose at least 5 months before the recruitment date, had no previous documented 
SARS-CoV-2 infection, and had no contact with the health-care system in the 3 days before recruitment. Individuals 
who are health-care workers, live in long-term care facilities, or are medically confined to their homes were excluded. 
Primary outcomes were COVID-19-related admission to hospital, severe disease, and COVID-19-related death. The 
third dose effectiveness for each outcome was estimated as 1 – risk ratio using the Kaplan-Meier estimator.

Findings 1 158 269 individuals were eligible to be included in the third dose group. Following matching, the third dose 
and control groups each included 728 321 individuals. Participants had a median age of 52 years (IQR 37–68) and 
51% were female. The median follow-up time was 13 days (IQR 6–21) in both groups. Vaccine effectiveness evaluated 
at least 7 days after receipt of the third dose, compared with receiving only two doses at least 5 months ago, was 
estimated to be 93% (231 events for two doses vs 29 events for three doses; 95% CI 88–97) for admission to hospital, 
92% (157 vs 17 events; 82–97) for severe disease, and 81% (44 vs seven events; 59–97) for COVID-19-related death. 

Interpretation Our findings suggest that a third dose of the BNT162b2 mRNA vaccine is effective in protecting 
individuals against severe COVID-19-related outcomes, compared with receiving only two doses at least 5 months 
ago.

Funding The Ivan and Francesca Berkowitz Family Living Laboratory Collaboration at Harvard Medical School and 
Clalit Research Institute.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
Despite the initially promising results of nationwide 
vaccination campaigns, many countries are currently 
experiencing a resurgence of COVID-19, dominated by 
the delta (B.1.617.2) variant of SARS-CoV-2. After 
several months of low pandemic activity in early 2021, 
Israel is experiencing its fourth pandemic wave, despite 
over 55% of the population having been vaccinated with 
two doses of the BNT162b2 mRNA COVID-19 vaccine. 
First and second doses were given 21 days apart, as per 
the pre-approval randomised trials. The increase in 
infections and hospitalisations of vaccinated individuals 
likely stems from a combination of waning vaccine 
immunity over time,1–3 given that many people in Israel 
were vaccinated 5–7 months ago, and from potentially 
reduced effectiveness of the vaccine against the delta 
variant.4

A standard approach to overcoming waning 
immunity, also known as secondary vaccine failure, is 
the administration of an additional vaccine dose—
often referred to as a booster dose. Faced with rising 
rates of COVID-19-related admissions to hospital, and 
based on initial evidence suggesting a pronounced 
humoral response to a third dose of the mRNA 
vaccines,5–7 the Israeli Ministry of Health announced a 
campaign to administer a third dose of the BNT162b2 
mRNA COVID-19 vaccine (Pfizer–BioNTech). This 
campaign began with immunocompromised patients 
on July 13, 2021, and was expanded several times to 
include people aged over 60 years (on July 30), 50 years 
(on Aug 12), 40 years (on Aug 19), 30 years (on Aug 24), 
and eventually the entire population over the age of 
12 years on Aug 30. The third dose was only given to 
people who had received the second dose at least 
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missing body-mass index or residential area data were 
also excluded. A complete definition of the study 
variables is provided in the appendix (pp 12–19).

This study was approved by the Clalit Health Services 
institutional review board and was exempt from requiring 
written informed consent. The protocol is included in the 
appendix (pp 3–11).

Procedures
The target trial for this study would compare two 
treatment strategies: administration of the third dose at 
recruitment (third dose group) and no administration of 
the third dose at any time during follow-up (control 
group). To emulate this target trial, each day during the 
study period, eligible individuals who received the third 
dose on that day were matched to eligible controls who 
were previously vaccinated with two vaccine doses but 
had not yet received the third dose. Controls matched on 
a given day who received the third dose on a future date 
would become newly eligible to be recruited into the 
third dose group on that future date.

Individuals in the third dose group and the control 
group were exactly matched on a set of potential 
confounders: age (categorised into 2-year bins), sex 
(male or female), place of residence, number of pre-
existing chronic conditions considered to be risk factors 
for severe COVID-19 by the US Centers for Disease 
Control as of Dec 20, 2020 (divided into four bins),16 
calendar month in which each person received the 
second vaccine dose, and number of SARS-CoV-2 PCR 
tests performed in the 9 months before the index date 
(divided into six bins). The latter two matching variables 
were included as markers of health-seeking behaviour 
specifically related to vaccination against COVID-19, 
given that individuals who are more health conscious or 
concerned about the pandemic chose to be vaccinated 
sooner and did more PCR tests.

Outcomes
Primary outcomes were hospital admission for 
COVID-19, severe COVID-19 disease (according to US 
National Institutes of Health criteria17), and COVID-19-
related death. Each of these outcomes include the 
outcomes that precede it. These severe outcomes were 
chosen because of their greater public health importance, 

Vaccinated with 
two doses 
(n=728 321)

Vaccinated with 
three doses 
(n=728 321)

Median age (IQR) 52 (37–68) 52 (37–68)

Sex

Female 371 435 (51·0%) 371 435 (51·0%)

Male 356 886 (49·0%) 356 886 (49·0%)

Population sector

Jewish 612 006 (84·0%) 602 402 (82·7%)

Arab 92 656 (12·7%) 102 067 (14·0%)

Ultra-Orthodox Jewish 23 659 (3·2%) 23 852 (3·3%)

CDC risk factor count

0 340 607 (46·8%) 340 607 (46·8%)

1 175 738 (24·1%) 175 738 (24·1%)

2 90 704 (12·5%) 90 704 (12·5%)

≥3 121 272 (16·7%) 121 272 (16·7%)

Number of SARS-CoV-2 PCR tests in the past 9 months

0 407 815 (56·0%) 407 815 (56·0%)

1 134 016 (18·4%) 134 016 (18·4%)

2 84 832 (11·6%) 84 832 (11·6%)

3 41 962 (5·8%) 41 962 (5·8%)

4 21 553 (3·0%) 21 553 (3·0%)

≥5 38 143 (5·2%) 38 143 (5·2%)

CDC certain risk criteria

Cancer 19 773 (2·7%) 20 621 (2·8%)

Chronic kidney disease 66 886 (9·2%) 68 982 (9·5%)

Chronic obstructive 
pulmonary disease

20 669 (2·8%) 22 249 (3·1%)

Heart disease 71 428 (9·8%) 71 166 (9·8%)

Solid organ transplant 431 (<0·1%) 507 (<0·1%)

Obesity (ie, BMI 30–40) 147 399 (20·2%) 145 022 (19·9%)

Severe obesity (ie, BMI ≥40) 13 438 (1·8%) 13 405 (1·8%)

Pregnancy 4 588 (0·6%) 7 442 (1·0%)

Sickle cell disease 65 (<0·1%) 85 (<0·1%)

Smoking 115 250 (15·8%) 135 202 (18·6%)

Type 2 diabetes 115 451 (15·9%) 115 713 (15·9%)

CDC possible risk criteria

Asthma 47 187 (6·5%) 47 085 (6·5%)

Cerebrovascular disease 32 822 (4·5%) 35 262 (4·8%)

Other respiratory disease 3 771 (0·5%) 3 768 (0·5%)

Hypertension 184 317 (25·3%) 181 157 (24·9%)

Immunosuppression 26 471 (3·6%) 26 395 (3·6%)

Neurological disease 45 483 (6·2%) 47 904 (6·6%)

Liver disease 16 074 (2·2%) 17 283 (2·4%)

Overweight (ie, BMI 25–30) 260 353 (35·7%) 255 737 (35·1%)

Thalassaemia 4085 (0·6%) 4440 (0·6%)

Type 1 diabetes 4339 (0·6%) 4176 (0·6%)

CDC=Centers for Disease Control and Prevention. BMI=body-mass index. 
*198 476 individuals appear in both groups, as they were first recruited as 
unvaccinated and then, following vaccination, re-recruited as vaccinated.

Table 1: Baseline characteristics 

Vaccinated with 
two doses

Vaccinated with 
three doses

1 – risk ratio 
(95% CI)

Risk difference per 
100 000 individuals 
(95% CI)

Events Risk per 
100 000 
individuals

Events Risk per 
100 000 
individuals

Admission to hospital 231 220·8 29 14·4 93% (88–97) 206·4 (146·1–275·1)

Severe disease 157 158·9 17 12·9 92% (82–97) 145·9 (93·1–207·7)

Death 44 31·9 7 6·1 81% (59–97) 25·8 (13·0–38·5)

Estimates were obtained using the Kaplan-Meier estimator starting from day 7 after receipt of the third dose, in those 
who received it. 

Table 2: Effectiveness of the third vaccine dose versus two vaccine doses of the BNT162b2 mRNA 
COVID-19 vaccine

See Online for appendix
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16–39 years, the rate of these severe outcomes was 
too small for meaningful estimation of the booster 
effectiveness. Effectiveness was also similar among 
groups defined by the number of comorbidities.

Most previous studies on this topic have focused on the 
antibody response elicited by the third dose of mRNA 
vaccines.5–7 Two recent studies from Israel reported on 
the effectiveness of the third dose in preventing clinical 
outcomes. The first study estimated a reduction of 
92–97% in the risk for severe disease starting from day 12 
after receipt of the third dose,19 but did not adjust for pre-
existing clinical conditions related to the risk of severe 
disease, and did not evaluate the effectiveness within 
subgroups. A second study, which adjusted for various 
confounders and used a test-negative design, estimated a 
reduction of 70–84% in the probability of testing positive 
for SARS-CoV-2 among the vaccinated,20 but did not 
consider more severe outcomes.

The optimal time to achieve maximum protection 
against SARS-CoV-2-related outcomes after a third 
vaccine is unknown. In this study, we estimated effective-
ness starting from day 7 after the third dose, which is 
similar to the period used to define full vaccination after 
the second dose.21 Our choice is supported by high 
concentrations of antibodies in individuals 7 days after 
administration of the third dose.6 It is possible, however, 
that some degree of protection begins earlier. Although 
an increase in antibody production can be identified 
on days 3–5 after administration of the second dose of 
SARS-CoV-2 mRNA vaccines,22 for other vaccines (eg, 
influenza), antibodies and antibody-secreting cells are 
detected as early as day 2 after a booster dose.23,24 
Moreover, a rapid response of the immune system can 
potentially prevent infections in individuals even if they 
were exposed to the virus shortly before the third dose. 
Such protection is termed the post-exposure effect25 and 
is well established in vaccinations for other pathogens, 

such as varicella,26 measles,27 and hepatitis A.28

Our study has several limitations. First, differing 
testing frequencies between the groups do not allow 
unbiased estimates for the less severe secondary 
outcomes of documented infection and symptomatic 
infection. Second, as in any observational study, 
unmeasured confounding might exist. However, this 
concern is mitigated because our analysis was adjusted 
for various important possible confounders, including 
sociodemographic factors, clinical factors, and behav-
ioural factors related to COVID-19. In addition, this study 
focuses on severe outcomes, which are less likely to be 
affected by differences in health-seeking behaviours or 
testing rates between groups. Third, due to the relative 
scarcity of events in individuals younger than 40 years, 
we could not evaluate vaccine effectiveness in this age 
group. Fourth, this vaccine effectiveness study did not 
explore potential adverse clinical events and excess 
health-care utilisation associated with the administration 
of a third dose. Finally, we excluded populations (health-
care workers, those living in long-term care facilities, and 
those medically confined to their homes) that are likely to 
be targeted early to receive the booster dose. 

There is an active debate surrounding the 
administration of third doses to individuals in some 
countries while other countries suffer from vaccine 

Vaccinated with two doses Vaccinated with three doses 1 – risk ratio 
(95% CI)

Risk difference per 
100 000 people (95% CI)

Tests Events Risk per 
100 000 
people

Tests Events Risk per 
100 000 
people

Documented infection 93 566 6131 3662·3 77 184 1135 422·9 88% (87–90) 3239·4 (3014·6–3468·6)

Symptomatic infection 95 934 3345 1909·6 78 507 514 178·9 91% (89–92) 1730·7 (1587·6–1923·7)

Estimates were obtained starting from day 7 after receipt of the third dose in those who received it. Tests were counted during the study follow-up period for each patient.

Table 4: Infection outcomes in those who received a third vaccine dose versus two vaccine doses of the BNT162b2 mRNA COVID-19 vaccine

Figure 2: Daily incidence of SARS-CoV-2 infection for different age groups around initiation of third dose 
vaccination
Daily incidence proportions of SARS-CoV-2 infection (ie, positive PCR-test) among the at-risk population by age 
group around the time the third dose vaccination was initiated (left Y axis). For each age group, the vertical dashed 
line with the same colour is the day that age group became eligible for the third dose. The epidemic curve (daily 
incidence counts) is shown shaded in the background (right Y axis). All curves were smoothed by using a moving 
7-day mean, assigning for each day the value of the mean of the 7 days ending on that day.
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curred in 5 of 287,310 participants in the boost-
er group and in 14 of 49,882 participants in the 
nonbooster group (adjusted hazard ratio, 0.13; 
95% CI, 0.04 to 0.40; P<0.001) (Table S5).

Among female participants, death from 
Covid-19 occurred in 54 of 400,300 participants 
in the booster group and in 13 of 47,972 partici-
pants in the nonbooster group (adjusted hazard 
ratio, 0.06; 95% CI, 0.03 to 0.11; P<0.001) (Table 
S6). Among male participants, death from 
Covid-19 occurred in 83 of 357,818 participants 
in the booster group and in 52 of 37,118 par-
ticipants in the nonbooster group (adjusted haz-
ard ratio, 0.12; 95% CI, 0.08 to 0.18; P<0.001) 
(Table S7).

 Secondary Outcome

During the study period, confirmed SARS-CoV-2 
infection was observed in 2888 participants in 
the booster group and in 11,108 participants in 
the nonbooster group. The adjusted hazard ratio 
for SARS-CoV-2 infection in the booster group, 
as compared with the nonbooster group, was 
0.17 (95% CI, 0.16 to 0.18; P<0.001) (Table S8).

Figure 2. Cumulative Hazard Ratio for Death Due to Covid-19.

The shaded area indicates the 95% confidence interval. Covid-19 denotes coronavirus disease 2019.
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 Table 2. Association of Confounding Variables with Death Due to Covid-19.*

Variable
Hazard Ratio for Death 

Due to Covid-19 (95% CI) P Value

Booster received 0.10 (0.07–0.14) <0.001

Age 1.10 (1.09–1.12) <0.001

Male sex 2.49 (1.82–3.41) <0.001

Socioeconomic status 0.98 (0.92–1.04) 0.45

Diabetes 1.29 (0.96–1.72) 0.09

Chronic obstructive pulmonary 
disease

1.31 (0.86–1.99) 0.22

Chronic kidney failure 2.27 (1.63–3.15) <0.001

Ischemic heart disease 0.96 (0.69–1.32) 0.79

Chronic heart failure 1.41 (0.95–2.09) 0.09

Obesity 1.17 (0.87–1.58) 0.30

Lung cancer 3.20 (1.49–6.87) 0.003

History of cerebrovascular accident 1.54 (1.08–2.17) 0.02

History of transient ischemic attack 0.87 (0.50–1.51) 0.63

History of smoking 1.10 (0.82–1.49) 0.52

*  Age was a continuous variable, and socioeconomic status was an ordinal 
variable; all other variables were dichotomous (present vs. absent). Covid-19 
denotes coronavirus disease 2019.
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COVID-19による死亡は，ブースター投与
群では65人（10万人当たり0.16人／

日），非投与群では137人（10万人当たり
2.98人／日）であった。Covid-19による
死亡の調整後ハザード比は、ブースター群
では非ブースター群と比較して0.10（95％
信頼区間，0.07～0.14；P＜0.001）。
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COVID-19まとめ

• デルタ株が主流となった第5波は過去最大の規模となった
が現在収束している。ワクチンや抗体カクテル療法の影響
で致死率は大きく低下した 

• オミクロン株が世界的に拡大している 

• 新型コロナワクチンは経時的に感染予防効果が低下する
が、ブースター接種によって感染予防効果・重症化予防効
果を増強できる

• デルタ株が主流となった第5波は過去最大の規模となった
が現在収束している。ワクチンや抗体カクテル療法の影響
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質疑応答

○馬場座長　せっかくですので、ここで Q&A をしたいと思います。

　私から最初に、小嶺先生に、最初に歯科治療はハイリスクということで、エアロゾルを

伴う治療ということで、東京の５大学は４、５月は閉じましたし、いろいろとあったので

すけれども、結果としては今まで歯科における院内感染の報告がないという小林隆太郎先

生の話にもあったのですけれども、そういう統計というのは、厚労省は今把握されている

のですか。

〇小嶺先生　ありがとうございます。統計を取っているわけではなくて、クラスターが発

生しても厚労省に届け出るものでもないので、クラスター班が情報は収集しているのです

が、把握できているわけではないです。

　歯科に関して言うと、御質問でもありましたけれども、富山県で１例、歯科診療所内で

患者さんと歯科医療機関の歯科医療従事者の両方に感染があったというのが１例あります

が、それも歯科治療が原因かどうかというところまで追えていないので、歯科治療が原因

でというところまでは分かってはいないという状況です。

〇馬場先生　ちょっとびっくりしたのですけれども、去年の４月ぐらいから厚労省の研究

班が統計を取り始めていたというので、それはすごいなと思って聞いていたのですけれど

も、その中で、院内での感染者を診てしまったと。要するに、意図したかしないかは別にして、

８０％は意図していないと先生はおっしゃったけれども、初めからコロナであっても診よ

うという歯科診療所というのは何％ぐらい全体であったのですか。昭和大学の歯科病院は

外来で１日８００人来るのですけれども、まずはスクリーニングして診ないようにしよう

ということだったのですけれども、そこは必要だと思いながら自分たちは対応できないの

で、そういうふうに対応をしたのですけれども。

　小林先生、何かその辺でコメントはありますか。

〇小林先生　まず先ほどの歯科では院内感染がある・ないの報告ということなのですが、

要は日本歯科医師会と日本歯科医学会、日本歯科医学会連合の３組織において、それらの

報告があったかどうかという意味で、そういう報告がなかったですということです。実際

に本当に感染があったどうか分かりませんと先ほどの講演内にも言わせていただいたので

すが、ただ、実際にそういう報告がないというのは、私たち現場の人間たちが今後もしっ

かり守っていくという意味では、プラスの言葉になるかなという意味です。そういう意味

から「報告はありません」という形をとらせていただいています。

〇馬場先生　実際そうですよね。ちゃんと対策を講じていたから、恐らく院内感染が生じ

なかったのではないかなという感触はありますよね。

〇小林先生　そうだと思います。ほかでも今ニュースが出ているように、本当に適当にやっ

ていて出た場合は、内部者から絶対密告が出るだろうなと思いましたので、そういう意味で、

院長だけでなくスタッフの一人一人が、みんなが正しい知識を持つということが歯科界に

とっては大切かなと思いました。

49



〇馬場先生　ありがとうございます。この対策をちゃんとキープして、いいレッスンとして、

感染対策を盤石なものにして感染に強い歯科医療を考えていくいい機会になったと思いま

すね。本当にいいレッスンになったと思います。

　小林先生にちょっと伺いたいのですけれども、産学でチャレンジされている空気を変え

る器械ですけれども、あれはもうそろそろ成就しそうなところまで来ているのですか。

〇小林先生　実際にはこういう案を、一番初めに歯科医学会連合は日刊工業新聞のいわゆ

る２０２１年ピッチというので、今は２か月に１回なのですが、各企業にオープンという

ことで、また、ブラインド的には臨床ニーズマッチング会を開いているのですが、みんな

に呼びかけたほうがいいということでオープンに声をかけていました。そうしましたら逆

に、日本歯科商工協会の会員である東京技研が手を挙げてくださって、私が思いつきで「こ

ういうのがあったら」と言ったらすぐ設計をしてくださいまして、特許云々は関係なしに、

そういうのはこちらも関係ないので、全部情報を渡して器械の設計から入りました。この後、

富岳等も使って、ただの扇風機だったらいいのですが、そこにヘパフィルター等をつけた

ものですから、せっかくやるのだったら外に汚いものを出すのはやめようという欲が出ま

して、それが出来上がってきました。今、最終の気流実験をしていますので、それが出来

上がれば製品発表ができるという状況に来ましたので、思ったよりも早く進んでおります。

〇馬場先生　期待しております。ヘパフィルターという言葉なんて知らなかったですものね。

〇小林先生　はい。

〇馬場先生　今のことに関連して忽那先生に伺いたいのですが、歯科がもともとハイリス

クな診療領域だということだったのですが、昭和の４病院でコロナの患者さんを医科のほ

うで診ていまして、先ほどおっしゃった血液疾患の病棟とかでクラスターが起こったり

しました。歯科の患者さんというのは、基本的には歯科以外は外来に来る患者さんは元気

なので、そういうところもあるのかなと思ったりもするのですが。あとは、先ほど小林先

生もおっしゃったように、歯科医師自体がしっかりサージカルマスクをして、口腔内のバ

キューム、口腔外のバキュームを一生懸命やったということもあるのですけれども、先生

から見られていて歯科のリスク、あるいは今日の講演を聞かれていて、率直な印象を伺い

たいのですけれども。

〇忽那先生　免疫不全の方でもウイルスの排出量が多いというわけではありませんので、

感染のリスク自体は大きく変わらないだろうと思いますが、おっしゃるとおり、歯科の先

生方とか、あるいは耳鼻科の先生方、そうした非常にハイリスクと思われるような診療科

の先生方でも、海外でもそうした診療科において特に多いという報告はないのですね。

　これはむしろ私が先生方に伺いたいぐらいですけれども、１つは、そうした歯科、耳鼻

咽喉科の先生方の感染対策が適切に行われていることが大きいのかなとは思います。ある

いは医療従事者もマスクをふだんからつけている中で、病院の中で感染が起こっていると

いうよりも、病院の外でもらってくるということが多かったりとか、そうしたこともある

のかなとは思います。

〇馬場先生　そうですね。小嶺先生と小林先生から忽那先生に何か御質問はありますか。
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〇小林先生　先生のことはいつもテレビで観ていまして、切れのいい御報告をいただいて

勉強させていただいています。

　私自身も、なぜ過去を見たかというと、ペストだとかスペイン風邪を見ながら、日本で

疫病という時代があったとしても、私たちが生きている間にこれほどの事が起きていなかっ

たので、まず人として一つできることは過去を見ようと思ったのですが、終息と言われる

もの、大体２～３年がピークで少しずつおさまっていくと言われているのですが、専門家

としての先生は、今回の新型コロナウイルスというのはどんな感じなのだろうと。私も外

食も一切せず、かなり人とのつき合いも抑えて、全く今までの人生と違うような生活をし

ている中で、一般の人だったらもっと我慢できないだろうなと思う中で、少し明るい何か

情報というか、緩める意味ではないのですけれども、専門家の先生の率直な御意見を聴け

たらいいなといつも思っていたので、よろしくお願いいたします。

〇忽那先生　ありがとうございます。おっしゃるとおり、本当に１００年に一度ぐらいの

感染症の流行だと思うのですけれども、思った以上にワクチンの効果が、特に mRNA ワク

チンに関しては非常に高い効果ですので、接種が進むことによって重傷者はかなり減って

くるだろうと予想されています。若い世代にも広がっていくと、感染者そのものも徐々に

減っていくだろうと考えられますので、これまでのような脅威ではだんだんとなくなって

くると思われます。

　ただ、完全になくなるというのは、かなり長期間が必要になると思います。例えば時々

海外から持ち込まれてクラスターが発生してとか、そういうことはあるとは思うのですけ

れども、今ですとアメリカで、コロナで亡くなられる方というのは９９％がワクチン接種

をしていない人たちなのですね。なのでワクチン接種をした人で重症化する人が減ってい

く、そうしたら感染者が減っていく。だんだんとそうした中で徐々に今のような堅いよう

なガードではなくて、だんだんと緩めていくというような、そうした空気になっていくの

かなとは考えております。

〇小林先生　ありがとうございます。

〇馬場先生　小嶺先生、何かありますか。

〇小嶺先生　ありがとうございます。今回、我々歯科が対策を考える上で一番問題だった

のが、無症状の方が感染を広げるということで、元気な方たちが歯科診療所を受診して、

普通に治療を受けることになり、問診でも拾いようがないということが、今回対策が一番

難しく思えた原因だったと思います。我々歯科としては、今までの感染対策としては、事

前に問診をして必要な対策を取る、スタンダードプリコーションの中で対策をしつつ問診

をしていくということで考えていたのですけれども、今後こういったウイルスがもっと出

てくる可能性があるのか、歯科診療における感染対策として考えていかなければならない

というのは、今回のコロナを通じて何か知見があれば、ぜひよろしくお願いいたします。

〇忽那先生　ありがとうございます。これまでの感染症の常識ですと、ここまで無症状の

間に広がりやすいということはなかったと思うのですよね。感染症の専門ということでこ

れまでやってきましたけれども、そうした常識を裏切られるような感染性を持つ感染症で
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すので、新たに無症状から広がり得るということを含めて、今後は特にコロナに対して感

染対策を行わないといけないということかと思います。例えば SARS に関しては、重症化

してからが一番広がりやすいと言われているのですね。もともと感染性のない方が感染を

広げるということが想定されていなかったですし、今後そういう感染症がどんどん出てく

るということも恐らくないのか。やはりコロナの感染性って、これまでの常識からは少し

外れている特殊なものなのかなとは思いますが、このコロナ自体がすぐに消えるわけでは

ないだろうと思いますので、コロナを想定した感染対策というのはしばらく必要だろうと

は思います。

〇小嶺先生　ありがとうございました。

〇馬場先生　ありがとうございます。

　そろそろ時間なので、まだ質問をいただいているのですけれども、最後にまとめたいと

思います。先ほど小嶺先生が、４月か５月に長野県の取組があったと言っていましたね。

行政と歯科が、どうすればいいかを話し合っていた。僕らは４、５月って、いろいろなエ

ビデンスを調べながら、エビデンスも十分になくて、みんなで不安な思いでやっていたの

だと思うのです、手探りの中で。そういう情報共有をできるだけ進めていくというのは間

違いなく大切だと思います．もう一つあるのは、僕たちはそんなに全てのことを知ってい

ないということを認識しなきゃいけないと思います。新たなエビデンスを探しながら、謙

虚に対応していかなければいけない。それと間違った知識を、しっかりと「間違った」と

言わなければいけないですね。ワクチンの話は、かなりいろいろな情報が流布しています。

その情報に影響されて、「私は打たない」という方が結構いらっしゃります。もちろん個人

の自由なので、うちの昭和でも、最初は若い子の相当数が「打たない」と言いました。そ

れから，丁寧にリスクを説明すると、かなり接種してくれる人が増えました。うちの歯科

病院なども５月に接種したのですけれども、明らかにそこでゲームが変わりました。外で

感染してくる人がいなくなったので、病院の対応もすごくよくなりました。ですから、正

確な知識をみんなで共有しながら、しかも謙虚な気持ちで対応していく必要があるのでは

ないかなと思いました。

　その意味で、今日は３人の先生方に貴重な御講演をいただきまして、どうもありがとう

ございました。学術会議あるいは歯学協を代表して御礼申し上げたいと思います。多くの

皆さんに御参画いただきまして本当にありがとうございました。

３）閉会挨拶

○馬場先生　それでは最後に、一緒に企画してくださいました岡山大学の浅海先生に閉会

の辞をいただきまして、閉じさせていただきたいと思います。

　浅海先生、よろしくお願いします。

〇浅海先生　皆様、本日は本講演に御参加くださいましてありがとうございました。また
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講師の先生方には、各方面から貴重なお話をいただきましたことを感謝申し上げます。

　この新型コロナウイルス感染症によって、世界中が行動制限を受けて、はや１年半が

過ぎようとしています。日本では現在、第４波に差しかかっていますが、既に第５波のこ

とが取り沙汰されています。スペイン風邪は３回のピークがあって、３年間続いていま

す。このコロナウイルス感染症２０１９の今後の状況も、今日のお話にもありましたように、

ワクチンと治療薬次第ということになり、まだ少しかかりそうですが、今日の講演は今後

の我々の指標としてとても貴重だったと思います。演者の先生方には再度感謝して、この

講演を終了したいと思います。

　皆様、御協力どうもありがとうございました。
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