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In this edition:  
• Global overview 
• Special Focus: Update on SARS-CoV-2 variants of interest and variants of concern 
• WHO regional overviews 

 

Global overview 
Data as of 11 September 2022 
 

Globally, the number of new weekly cases decreased by 28% during the week of 5 to 11 September 2022, as 
compared to the previous week, with over 3.1 million new cases reported (Figure 1, Table 1). The number of 
new weekly deaths decreased by 22% as compared to the previous week, with just under 11 000 fatalities 
reported. As of 11 September 2022, over 605 million confirmed cases and over 6.4 million deaths have been 
reported globally. 

At the regional level, the number of newly reported weekly cases decreased across all six WHO regions: the 
Western Pacific Region (-36%), the African Region (-33%), the Region of the Americas (-27%), the South-East Asia 
Region (-20%), the Eastern Mediterranean Region (-19%) and the European Region (-15%). The number of new 
weekly deaths decreased across five of the six regions: the European Region (-31%), the South-East Asia Region 
(-25%), the Region of the Americas (-22%), the Western Pacific Region (-11%), the Eastern Mediterranean Region 
(-10%); while it increased in the African Region (+10%). 

Figure 1. COVID-19 cases reported weekly by WHO Region, and global deaths, as of 11 September 2022** 

 

**See Annex 1: Data, table, and figure notes 
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Symptoms of Coronavirus (COVID-19)

cdc.gov/coronavirus

CS-317142-E 

Seek medical care immediately if someone has 
Emergency Warning Signs of COVID-19

• Trouble breathing
• Persistent pain or pressure in the chest
• New confusion

• Inability to wake or stay awake
• Bluish lips or face

This list is not all possible symptoms. Please call your healthcare provider for any other 
symptoms that are severe or concerning to you.

Know the symptoms of COVID-19, which can include the following:

Symptoms can range from mild to severe illness, and appear 2–14 days after you 
are exposed to the virus that causes COVID-19. 

Muscle or body aches New loss of  
taste or smell

Vomiting or diarrhea

Cough, shortness of breath or difficulty breathing Fever or chills熱、寒気咳、息切れ、呼吸苦

筋肉痛、関節痛 嘔吐、下痢 嗅覚異常 
味覚異常

CDC. Symptoms of Coronavirus (COVID-19) 



Fig 2 | After the initial exposure, patients typically develop symptoms within 5-6 days (incubation period). SARS-CoV-2 generates a diverse range of clinical manifestations,
ranging from mild infection to severe disease accompanied by high mortality. In patients with mild infection, initial host immune response is capable of controlling the
infection. In severe disease, excessive immune response leads to organ damage, intensive care admission, or death. The viral load peaks in the first week of infection, declines
thereafter gradually, while the antibody response gradually increases and is often detectable by day 14 (figure adapted with permission from doi:10.1016/j.cell.2020.04.013;
doi:10.1016/S2213-2600(20)30230-7)

Quantitative reverse transcription polymerase chain reaction
(qRT-PCR) technology can detect viral SARS-CoV-2 RNA in the upper
respiratory tract for a mean of 17 days (maximum 83 days) after
symptom onset.7 However, detection of viral RNA by qRT-PCR does
not necessarily equate to infectiousness, and viral culture from PCR
positive upper respiratory tract samples has been rarely positive
beyond nine days of illness.5 This corresponds to what is known
about transmission based on contact tracing studies, which is that
transmission capacity is maximal in the first week of illness, and
that transmission after this period has not been documented.8
Severely ill or immune-compromised patients may have relatively
prolonged virus shedding, and some patients may have intermittent
RNA shedding; however, low level results close to the detection
limit may not constitute infectious viral particles. While
asymptomatic individuals (those with no symptoms throughout the
infection) can transmit the infection, their relative degree of
infectiousness seems to be limited.9 -11 People with mild symptoms
(paucisymptomatic) and those whose symptom have not yet
appeared still carry large amounts of virus in the upper respiratory
tract, which might contribute to the easy and rapid spread of
SARS-CoV-2.7 Symptomatic and pre-symptomatic transmission (one
to two days before symptom onset) is likely to play a greater role in
the spread of SARS-CoV-2.10 12 A combination of preventive
measures, such as physical distancing and testing, tracing, and
self-isolation, continue to be needed.

Route of transmission and transmission dynamics
Like other coronaviruses, the primary mechanism of transmission
of SARS-CoV-2 is via infected respiratory droplets, with viral

infection occurring by direct or indirect contact with nasal,
conjunctival, or oral mucosa. Target host receptors are found mainly
in the human respiratory tract epithelium, including the oropharynx
and upper airway. The conjunctiva and gastrointestinal tracts are
also susceptible to infection and may serve as transmission portals.6

Transmission risk depends on factors such as contact pattern,
environment, infectiousness of the host, and socioeconomic factors,
as described elsewhere.12 Most transmission occurs through close
range contact (15 minutes face to face and within 2 m),13 and spread
is especially efficient within households and through gatherings of
family and friends.12 Household secondary attack rates (the
proportion of susceptible individuals who become infected within
a group of susceptible contacts with a primary case) ranges from
4% to 35%.12 Sleeping in the same room as, or being a spouse of an
infected individual increases the risk of infection, but isolation of
the infected person away from the family is related to lower risk of
infection.12 Other activities identified as high risk include dining in
close proximity with the infected person, sharing food, and taking
part in group activities 12 The risk of infection substantially increases
in enclosed environments compared with outdoor settings.12 Aerosol
transmission can still factor during prolonged stay in crowded,
poorly ventilated indoor settings (meaning transmission could occur
at a distance >2 m).12 14 -16

The role of faecal shedding in SARS-CoV-2 transmission and the
extent of fomite (through inanimate surfaces) transmission also
remain to be fully understood. Both SARS-CoV-2 and SARS-CoV-1
remain viable for many days on smooth surfaces (stainless steel,
plastic, glass) and at lower temperature and humidity (eg, air

3the bmj | BMJ 2020;371:m3862 | doi: 10.1136/bmj.m3862
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流行初期の新型コロナウイルス感染症の典型的な経過と重症化の割合
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0日 5日 10日

従来の新型コロナウイルス 
（世代時間5日、基本再生産数2と仮定）

オミクロン株 
（世代時間2日、基本再生産数2と仮定） 発表者作成



オミクロン株 
ワクチン接種者や既感染者にも感染

☓
☓ ☓

☓
デルタ株 

ワクチン接種者や既感染者には感染しにくい

☓

☓

発表者作成
☓
☓



0

10

20

30

40

50

60

70

咳 のどの 
痛み

頭痛 38℃ 
以上の 
発熱

鼻水 痰 関節痛 
筋肉痛

強い 
倦怠感

息苦しさ 下痢 味覚 
異常

嗅覚 
異常

138
16

2729
36404041

6062

オミクロン株の亜系統BA.5 
感染者の特徴 

鼻水、のどの痛み、咳が多い 
熱は若いほど多く高齢者で少ない
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年代別重症化率の推移（陽性判明日別）（令和４年7月17日時点）
※重症者数は、対応可能な軽症中等症患者受入医療機関等において
治療継続をしている重症者（令和3年4/6～7/12、令和4年2/16～4/12）や
他府県で受け入れている重症者（令和3年4/22～5/10）を含む。

重症
化率

第一波
(R2/1/29-6/13)

第二波
(R2/6/14-10/9)

第三波
(R2/10/10-
R3/2/28)

第四波
(R3/3/1-6/20)

第五波
(R3/6/21-12/16)

第六波
（R3/12/17-
R4/6/24）

第七波（7/17時点）
（R4/6/25-）

新規
陽性
者数

重症
者数

重症化
率

新規
陽性
者数

重症
者数

重症化
率

新規
陽性
者数

重症
者数

重症化
率

新規
陽性
者数

重症
者数

重症化
率

新規
陽性
者数

重症
者数

重症化
率

新規
陽性
者数

重症
者数

重症化
率

新規
陽性
者数

重症
者数

重症化
率

未就学児 19 0 0.0% 157 0 0.0% 689 1 0.1% 1256 1 0.1% 4858 0 0.0% 67580 10 0.01% 7900 2 0.03%

就学児 13 0 0.0% 61 0 0.0% 336 0 0.0% 742 0 0.0% 3121 0 0.0% 52642 3 0.01% 7617 0 0.00%

10代 47 1 2.1% 621 0 0.0% 2679 0 0.0% 4631 1 0.0% 14445 3 0.0% 129471 7 0.01% 20959 0 0.00%

20代 364 2 0.5% 2996 1 0.0% 7079 2 0.0% 12138 21 0.2% 27012 25 0.1% 133701 12 0.01% 18997 0 0.00%

30代 290 5 1.7% 1424 2 0.1% 4654 14 0.3% 7640 40 0.5% 17066 74 0.4% 122358 10 0.01% 16754 1 0.01%

40代 306 13 4.2% 1160 14 1.2% 4851 42 0.9% 8223 146 1.8% 15521 229 1.5% 118783 47 0.04% 16390 1 0.01%

50代 258 23 8.9% 1047 38 3.6% 4994 142 2.8% 7622 348 4.6% 10942 324 3.0% 75101 79 0.11% 11367 4 0.04%

60代 161 35 21.7% 628 49 7.8% 3393 246 7.3% 4582 420 9.2% 3690 181 4.9% 37402 122 0.33% 5456 3 0.05%

70代 176 49 27.8% 580 79 13.6% 3657 451 12.3% 4378 564 12.9% 2221 121 5.4% 30453 339 1.11% 3999 2 0.05%

80代 118 18 15.3% 449 46 10.2% 2797 224 8.0% 3021 200 6.6% 1494 61 4.1% 23230 227 0.98% 2403 2 0.08%

90代 30 1 3.3% 145 3 2.1% 899 26 2.9% 923 16 1.7% 397 6 1.5% 8596 39 0.45% 778 1 0.13%

100代 4 0 0.0% 3 0 0.0% 36 0 0.0% 46 0 0.0% 19 0 0.0% 431 3 0.70% 39 0 0.00%

【再】
70代以上 328 68 20.7% 1177 128 10.9% 7389 701 9.5% 8368 780 9.3% 4131 188 4.6% 62710 608 0.97% 7219 5 0.07%

総計 1786 147 8.2% 9271 232 2.5% 36064 1148 3.2% 55318 1757 3.2% 100891 1024 1.0% 800933 898 0.11% 112729 16 0.01%

※重症化率：新規陽性者数に占める重症者の割合。
※重症化率は7月17日判明時点までの重症者数に基づく。今後、重症者数・新規陽性者数の推移により変動

重症化率は経時的に低下している
大阪府資料より



第70回新型コロナウイルス感染症対策アドバイザリーボード 広島県健康福祉局資料より

重症化するまでの時間は短縮傾向にある



新型コロナに感染したときの 
死亡リスク（年齢と基礎疾患）

肥満
合併症のある糖尿病

慢性腎臓病
慢性閉塞性肺疾患

認知症
心血管疾患

歳
歳
歳
歳
歳
歳

https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html



基礎疾患の数と死亡リスク 

基礎疾患なし

１つ

2～５つ

6～9つ

10以上

https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html



呼吸器症状 
・咳 
・痰 
・息苦しさ 
・胸の痛み

精神神経症状 
・記憶障害 
・集中力低下 
・不眠 
・頭痛 
・抑うつ

脱毛 嗅覚障害 
味覚障害

全身症状 
・倦怠感 
・関節痛 
・筋肉痛 
・しびれ

消化器症状 
・下痢 
・腹痛

動悸

発表者作成
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診療の手引き 

COVID-19

June 2022

別冊

新型コロナウイルス感染症

罹患後症状のマネジメント

第1.1版

https://www.mhlw.go.jp/content/000952700.pdf
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immunocompromised and in those who were not immunocompro-
mised (Supplementary Table 20).

Analyses within each care setting suggested that the risk reduc-
tion in BTI versus SARS-CoV-2 infection on both the relative 
(HR) and absolute (burden) scale generally becomes increasingly 
more pronounced as the acuity of the care setting increased (from 
non-hospitalized to admitted to ICU) (Fig. 4 and Supplementary 
Table 21). BTI was associated with less risk of death and at least one 
PASC in all care settings. There was also a consistently reduced risk 
of hematologic and coagulation disorders and pulmonary disorders 
in BTI versus SARS-CoV-2 infection without prior vaccination 
across all care settings.

Post-acute sequelae in people hospitalized with BTI versus 
seasonal influenza. We developed a comparative analysis to bet-
ter understand how people hospitalized with BTI (n = 3,667) fare 
relative to those who are hospitalized with seasonal influenza 
(n = 14,337). Demographic and health characteristics before and 
after weighting are provided in Supplementary Tables 22 and 23. 
Examination of standardized mean differences of baseline charac-
teristics after application of overlap weighting demonstrated good 
balance (Supplementary Fig. 5).

Compared to people who were hospitalized with seasonal influ-
enza, people with BTI who were hospitalized during the acute phase 
of the disease and survived the first 30 days exhibited an increased risk 
of death (HR = 2.43 (2.02, 2.93); burden of 43.58 (31.21, 58.26)) and 
increased risk of having at least one post-acute sequela (HR = 1.27 
(1.19, 1.36); burden of 87.59 (63.83, 111.40)) (Extended Data Fig. 7 
and Supplementary Table 24). People with BTI exhibited increased 
risk of sequelae in all the examined organ systems compared to those 
with seasonal influenza. Results of individual sequalae are presented 
in Supplementary Fig. 6 and Supplementary Table 25.

Positive and negative outcome controls. To assess whether our 
approach reproduces established knowledge, we tested the association  

between SARS-CoV-2 infection without prior vaccination and the 
risk of fatigue (a cardinal post-acute sequela of COVID-19, where, 
based on prior evidence, we would expect a positive association). The  
results showed that, compared to the contemporary control group, 
people with SARS-CoV-2 infection and without prior vaccination 
exhibited increased risk of fatigue (HR = 2.79 (2.57, 303)) (Extended 
Data Table 1a).

To assess the putative presence of spurious associations, we tested 
the association between BTI and several negative outcome controls 
where there was no biologic plausibility or epidemiologic evidence 
that an association is expected. We used the same data sources, 
cohort building process, covariate selection approach (including 
predefined and algorithmically selected high-dimensional covari-
ates), weighting method and interpretation of results. The results 
suggested no significant association between BTI and risk of any of 
the negative outcome controls (Extended Data Table 1a).

To further test the rigor of our approach, we tested as a pair 
of negative exposure controls receipt of influenza vaccination in 
odd-numbered (n = 605,453) versus even-numbered (n = 571,291) 
calendar days between 1 March 2020 and 15 January 2021. 
Examination of the associations of receipt of influenza vaccine on 
odd-numbered versus even-numbered calendar days and each out-
come yielded non-significant results, consistent with our a priori 
expectations for a successful application of negative exposure con-
trols (Extended Data Table 1b).

Discussion
In this study of 33,940 people with BTI, 4,983,491 in the contem-
porary control, 5,785,273 in the historical control, 2,566,369 in the 
vaccinated control, 113,474 in the SARS-CoV-2 infection without 
prior vaccination group and 14,337 in the seasonal influenza group, 
we show that, compared to non-infected controls, people who sur-
vive the first 30 days of BTI exhibited increased risk of death and 
post-acute sequelae in the pulmonary and several extrapulmonary 
organ systems. The risks of death and post-acute sequelae were 

Death

At least one post-acute sequela

Cardiovascular

Coagulation and hematologic

Fatigue

Gastrointestinal

Kidney

Mental health

Metabolic

Musculoskeletal

Neurologic

Pulmonary

Hazard ratio

0.3 0.4 0.6 0.8 1.0 1.1 –55 –40 –25 –10 0

Excess burden per 1,000 persons at 6 months

Fig. 3 | Risk and 6-month excess burden of post-acute sequelae in people with BTI compared to those with SARS-CoV-2 infection without prior 
vaccination. Risk and 6-month excess burden of death, at least one post-acute sequela and post-acute sequelae by organ system are plotted. Incident 
outcomes were assessed from 30!days after the positive SARS-CoV-2 infection test to the end of follow-up. Results are in comparison of BTI (n!=!33,940) 
to those with SARS-CoV-2 infection without prior vaccination (n!=!113,474). Adjusted HRs (dots) and 95% CIs (error bars) are presented, as are estimated 
excess burden (bars) and 95% CIs (error bars). Burdens are presented per 1,000 persons at 6!months of follow-up.
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The post-acute sequelae of SARS-CoV-2 infection—also 
referred to as Long COVID—have been characterized1. 
Increasingly, vaccinated individuals are being diagnosed 

with COVID-19 as a result of breakthrough SARS-CoV-2 infection 
(BTI)2,3. Whether people with BTI experience post-acute sequelae 
is not clear. Addressing this knowledge gap is important to guide 
public health policy and post-acute COVID-19 care strategies.

Here we leverage the breadth and depth of the electronic health-
care databases of the US Department of Veterans Affairs to address 
the question of whether people with BTI develop post-acute 
sequelae. We characterize the risks and 6-month burdens of a panel 
of prespecified outcomes in a cohort of people who experienced BTI 
after completion of vaccination in the overall cohort and by care set-
ting of the acute phase of the disease (that is, whether people were 
not hospitalized, hospitalized or admitted to an intensive care unit 
(ICU) during the first 30 days after a positive test). We then under-
take a comparative evaluation of the magnitude of risk in people 
with BTI versus those with SARS-CoV-2 infection and no prior vac-
cination and, separately, hospitalized people with BTI versus those 
hospitalized with seasonal influenza.

Results
Post-acute sequelae in BTI versus controls without SARS-CoV-2 
infection. There were 33,940 and 4,983,491 participants in the BTI 
group and a contemporary control group of users of the Veterans 
Health Administration from 1 January 2021 to 31 October 2021 
with no record of a positive SARS-CoV-2 test, respectively. BTI 
participants had a positive SARS-CoV-2 test with prior record of a 

complete vaccination defined following Centers for Disease Control 
and Prevention (CDC) guidelines at 14 days after first Janssen 
(Johnson & Johnson)(Ad26.COV2.S) vaccination and 14 days after 
second Pfizer-BioNTech (BNT162b2) or Moderna (mRNA-1273) 
vaccination. The demographic and health characteristics of the BTI 
and the control groups before and after weighting are presented 
in Supplementary Tables 1–4. During the enrollment period, the 
overall rate of BTI within those fully vaccinated was 10.60 (95% CI: 
10.52, 10.70) per 1,000 persons at 6 months; rates of breakthrough 
by vaccine type are presented in Supplementary Data Table 1.

For all analyses, we provide two measures of risk: (1) we esti-
mated the adjusted HRs of a set of incident prespecified outcomes in 
people with BTI versus the control group; and (2) we estimated the 
adjusted excess burden of each outcome due to BTI per 1,000 per-
sons 6 months after a positive SARS-CoV-2 test on the basis of the 
difference between the estimated incidence rate in individuals with 
BTI and the control group. Assessment of standardized mean dif-
ferences of participant characteristics (from data domains including 
diagnoses, medications and laboratory test results) after application 
of weighting showed that they are well-balanced in each analysis of 
incident outcomes (Supplementary Fig. 1).

Compared to the contemporary control group, people who sur-
vived the first 30 days of BTI exhibited an increased risk of death 
(HR = 1.75, 95% CI: 1.59, 1.93) and excess burden of death esti-
mated at 13.36 (95% CI: 11.36, 15.55) per 1,000 persons with BTI 
at 6 months; all burden estimates represent excess burden and are 
given per 1,000 persons with BTI at 6 months (Fig. 1). People with 
BTI also had an increased risk of having at least one post-acute 

Long COVID after breakthrough SARS-CoV-2 
infection
Ziyad Al-Aly! !1,2,3,4,5 ✉, Benjamin Bowe1,2 and Yan Xie! !1,2,6

The post-acute sequelae of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection—also referred to as 
Long COVID—have been described, but whether breakthrough SARS-CoV-2 infection (BTI) in vaccinated people results in 
post-acute sequelae is not clear. In this study, we used the US Department of Veterans Affairs national healthcare databases to 
build a cohort of 33,940 individuals with BTI and several controls of people without evidence of SARS-CoV-2 infection, includ-
ing contemporary (n!=!4,983,491), historical (n!=!5,785,273) and vaccinated (n!=!2,566,369) controls. At 6!months after infec-
tion, we show that, beyond the first 30!days of illness, compared to contemporary controls, people with BTI exhibited a higher 
risk of death (hazard ratio (HR)!=!1.75, 95% confidence interval (CI): 1.59, 1.93) and incident post-acute sequelae (HR!=!1.50, 
95% CI: 1.46, 1.54), including cardiovascular, coagulation and hematologic, gastrointestinal, kidney, mental health, metabolic, 
musculoskeletal and neurologic disorders. The results were consistent in comparisons versus the historical and vaccinated 
controls. Compared to people with SARS-CoV-2 infection who were not previously vaccinated (n!=!113,474), people with BTI 
exhibited lower risks of death (HR!=!0.66, 95% CI: 0.58, 0.74) and incident post-acute sequelae (HR!=!0.85, 95% CI: 0.82, 
0.89). Altogether, the findings suggest that vaccination before infection confers only partial protection in the post-acute phase 
of the disease; hence, reliance on it as a sole mitigation strategy may not optimally reduce long-term health consequences of 
SARS-CoV-2 infection. The findings emphasize the need for continued optimization of strategies for primary prevention of BTI 
and will guide development of post-acute care pathways for people with BTI.

NATURE MEDICINE | VOL 28 | JULY 2022 | 1461–1467 | www.nature.com/naturemedicine 1461
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ワクチン接種による後遺症予防効果は15%
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neutralization escape. These findings provide im-
munologic context for the current surges caused 
by the BA.2.12.1, BA.4, and BA.5 subvariants in 
populations with high frequencies of vaccination 
and BA.1 or BA.2 infection.

Nicole P. Hachmann, B.S. 
Jessica Miller, B.S. 
Ai-ris Y. Collier, M.D. 
John D. Ventura, Ph.D. 
Jingyou Yu, Ph.D. 

Figure 1. Omicron Subvariant Mutations and Neutralizing Antibody Responses.

Panel A shows the lineage of mutations that have been identified in the omicron BA.1, BA.2, BA.2.12.1, and BA.4 or BA.5 subvariants of 
SARS-CoV-2, as compared with the reference WA1/2020 isolate. BA.4 and BA.5 have identical sequences of the spike protein and thus 
have been grouped together. FP denotes fusion peptide, HR1 heptad repeat 1, HR2 heptad repeat 2, NTD N-terminal domain, RBD re-
ceptor-binding domain, RBM receptor-binding motif, SD1 subdomain 1, and SD2 subdomain 2. Panel B shows neutralizing antibody ti-
ters as determined by luciferase-based pseudovirus neutralization assays in samples obtained from 27 participants 6 months after re-
ceipt of the two-dose BNT162b2 messenger RNA vaccine series and 2 weeks after the third (booster) dose. Panel C shows neutralizing 
antibody titers in participants who had been infected with the BA.1 or BA.2 subvariant. All the infected participants had been vaccinated 
except for 1 participant who had a negative neutralizing antibody titer. In 9 participants, two or three time points after infection are 
shown. Neutralizing antibody titers were measured against the SARS-CoV-2 reference isolate WA1/2020 and the omicron BA.1, BA.2, 
BA.2.12.1, and BA.4 or BA.5 subvariants. In Panels B and C, medians (black bars) are shown numerically, and factor differences from 
other subvariants are indicated; the dashed horizontal line indicates the lower limit of detection for the assay.
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 concise content and Context

CLINICAL TRIAL

A randomized, double-blind study of an mRNA vaccine 
encoding the SARS-CoV-2 spike protein.

43,548 participants ≥16 years old were assigned to 
receive the vaccine or placebo by intramuscular injection 
on day 0 and day 21. Participants were followed for 
safety and for the development of symptomatic Covid-19 
for a median of 2 months.

RESULTS

Safety: 
Vaccine recipients had local reactions (pain, erythema, 
swelling) and systemic reactions (e.g., fever, headache, 
myalgias) at higher rates than placebo recipients, with 
more reactions following the second dose. Most were 
mild to moderate and resolved rapidly.

Efficacy: 
The vaccine showed some early protection 12 days after 
the first dose; 7 days after the second dose, 95% efficacy 
was observed.

research Summary

Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine
    F.P. Polack, et al.    DOI: 10.1056/NEJMoa2034577

CLINICAL PROBLEM

Safe and effective vaccines to prevent severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection and 
Covid-19 are urgently needed. No vaccines that protect 
against betacoronaviruses are currently available, and 
mRNA-based vaccines have not been widely tested.

LIMITATIONS AND REMAINING QUESTIONS

Further study is required to understand the following:

Safety and efficacy beyond 2 months and in groups 
not included in this trial (e.g., children, pregnant 
women, and immunocompromised persons).

Whether the vaccine protects against asymptomatic 
infection and transmission to unvaccinated persons. 

How to deal with those who miss the second 
vaccine dose.

Lipid 
nanoparticle

mRNA

CONCLUSIONS

Two doses of an mRNA-based vaccine were safe over 
a median of two months and provided 95% protection 
against symptomatic Covid-19 in persons 16 years of 
age or older.
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diverse with regard to ethnicity, race, age and comorbid-
ities; however, they typically excluded pregnant women,
children, and those with immunodeficiency or a history
of allergic reactions to vaccines. Although persons younger
than 16 years were excluded from their phase 3 trials, both
Pfizer-BioNTech and Moderna have plans to test their vac-
cines in pediatric populations. Additional studies are under
way to examine safety and immunogenicity in larger
groups of special populations. The recent examples of im-
mediate hypersensitivity reactions in a number of recipients
of the Pfizer-BioNTech and Moderna vaccines, some with a
history of hypersensitivity reactions, highlight this point.

Another unknown is the duration of protection pro-
vided by these vaccines. Data were recently published
on the serum antibody response to the Moderna vaccine
out to 119 days after the first vaccination (90 days after
the second immunization) (7). Although there was only
an approximately 2-fold decline in antibody titers over this
time, in prior trials of influenza virus vaccines using the
mRNA and protein platforms, serum antibodies waned
dramatically by 6 months to 1 year (8). At present, the du-
rability of the immune response to the spike protein is
unknown. It is possible that symptomatic or severe dis-
ease may be durably curtailed by memory T-cell and/or B-
cell responses, however, this remains uncertain and the
duration of protection needs to be carefully monitored.

Perhaps the unknown with the greatest potential im-
mediate impact on the current pandemic is the degree
to which these vaccines protect against infection and
transmission. The high degree of protective efficacy
reported thus far in these trials refers to symptomatic
disease. Protection from actual infection may be consid-
erably less, whereas protection from severe disease may
be considerably higher. The ability of these vaccines to
protect against infection is being analyzed by looking for
evidence of asymptomatic infections in the vaccinated

cohorts in the phase 3 trials through shedding of virus by
asymptomatic individuals and development of antibod-
ies to viral proteins not included in the vaccines. In pre-
liminary data reported to the FDA by Moderna, 38
participants in the placebo group compared with 14 par-
ticipants in the vaccine group were found to be shedding
virus in the absence of symptoms before the second im-
munization, suggesting a degree of protection from
infection and, by extension, decreased transmission. The
distinction between immunity that protects a vaccinated
person from developing symptomatic disease and im-
munity capable of also interrupting transmission of the vi-
rus from the vaccinated person to others is an important
consideration for population immunity. This distinction is
frequently lost in discussions about the collective societal
responsibility to get vaccinated to reach an adequate
level of population (herd) immunity to eliminate transmis-
sion. Failure to appreciate this distinction may lead to a
false sense in vaccinees that they are protected from
infection and thus cannot transmit to susceptible con-
tacts. Hence, it is critical to continue to reinforce the pub-
lic health measures of social distancing, handwashing,
and masking until the current outbreak is under control.

Given that recent polling suggests that only 40% to
60% of people in the United States are currently planning
to get vaccinated, it is conceivable that without some
impact on transmission, the virus will continue to circu-
late, infect, and cause serious disease in certain seg-
ments of the unvaccinated population. Administration of
parenterally administered vaccines alone typically does
not result in potent mucosal immunity that might inter-
rupt infection or transmission (9). In the case of poliovi-
rus, induction of mucosal immunity through vaccination
with the live attenuated oral polio vaccine, in contrast to
the parenterally administered inactivated vaccine, was
thought to have played a critical role in interruption of

Figure. Cumulative incidence curves for the first COVID-19 occurrence after the first dose of mRNA vaccine.

0.024

0.020

0.016

0.012

0.008

0.004

0.000C
um

ul
at

iv
e 

In
ci

de
nc

e 
of

 C
O

V
ID

-1
9 

O
cc

ur
re

nc
e

0 7 14 21 28 35 42 49 56 63 73 77 84 91 98 105 112 119
Days After Dose 1

2.5

2.0

1.5

1.0

0.5

0.0

C
um

ul
at

iv
e 

In
ci

de
nc

e 
Ra

te
, %

0 10 20 30 40 50 60 70 80 90 100 110
Days From Randomization

1st Dose

2nd Dose

1st Dose
2nd Dose

Placebo

Vaccine

Placebo

Vaccine

A. Pfizer-BioNTech B. Moderna

0/21 314

0/21 258

Vaccine

Placebo

21/21 230

25/21 170

37/21 054

55/20 970

39/20 481

73/20 366

41/19 314

97/19 209

42/18 377

123/18 218

42/17 702

143/17 578

43/17 186

166/17 025

44/15 464

192/15 290

47/14 038

212/13 876

48/12 169

235/11 994

48/9591

249/9471

49/6403

257/6294

49/3374

267/3301

50/1463

274/1449

50/398

275/398

50/0

275/0

At risk, n
14 312

14 370

14 306

14 363

13 964

14 000

13 490

13 515

12 981

12 972

12 284

12 225

10 742

10 675

8327

8283

5705

5663

2621

2594

583

586

Vaccine

Placebo

At risk, n

Patients with severe COVID-19 or COVID-19 leading to hospitalization

A. Pfizer-BioNTech vaccine (BNT162b2). Figure reproduced from reference 2 (www.fda.gov/media/144245/download). B. Moderna vaccine (mRNA-
1273). Individual severe COVID-19 data similar to those displayed in panel A are not publicly available. Figure reproduced from reference 4 (www.fda
.gov/media/144434/download).

SARS-CoV-2 Vaccines: Much Accomplished, Much to Learn SPECIAL ARTICLE

Annals.org Annals of Internal Medicine 3

Downloaded from https://annals.org by Kokusai Iryo Center on 02/11/2021.

1回目接種からの日数

新
型
コ
ロ
ナ
の
累
積
患
者
発
生
率

1回目接種

2回目接種

プラセボ群

ワクチン接種群

95%減

https://doi.org/10.7326/M21-0111

流行初期の新型コロナウイルスに対するmRNAワクチンの効果



604 | Nature | Vol 608 | 18 August 2022

Article

Neutralization profiles were similar for BA.2 and BA.2.12.1 except for 
three class 3 RBD mAbs (Brii-198, REGN10987 and COV2-2130) that were 
either inactive or further impaired against the latter subvariant. Com-
pared to BA.2 and BA.2.12.1, BA.4/5 showed substantially greater neu-
tralization resistance to two class 2 RBD mAbs (ZCB11 and COV2-2196) 
as well as modest resistance to two class 3 RBD mAbs (REGN10987 and 
COV2-2130). Collectively, these differences indicate that mutations in 
BA.2.12.1 confer greater evasion from antibodies to class 3 region of RBD, 
whereas mutations in BA.4/5 confer greater evasion from antibodies to 
class 2 and class 3 regions. Only four RBD mAbs (CAB-A17, COV2-2130, 2–7 
and LY-COV1404) retained good in vitro potency against both BA.2.12.1 
and BA.4/5 with a half-maximum inhibitory concentration (IC50) below 
0.1 µg ml−1. Among these four mAbs, COV2-2130 (cilgavimab) is one 
component of a combination known as Evusheld that is authorized for 
prevention of COVID-19, whereas only LY-COV1404 or bebtelovimab is 
authorized for therapeutic use in the clinic. For antibody combinations 
previously authorized or approved for clinical use, all showed a substan-
tial loss of activity in vitro against BA.2.12.1 and BA.4/5. As for a mAb 
directed to the antigenic supersite of the NTD19, 4–18 lost neutralizing 
activity against all Omicron subvariants. A mAb to the NTD alternate site, 
5–7 (ref. 20), was also inactive against BA.2.12.1 and BA.4/5 but retained 
modest activity against BA.1 and BA.1.1 (Fig. 2a).

A subset of the pseudovirus neutralization data was confirmed 
for four monoclonal antibodies (COV2-2196, ZCB11, REGN10987 and 
LY-CoV1404) in neutralization experiments using authentic viruses BA.2 
and BA.4 (Extended Data Fig. 1b and Extended Data Table 1). Similar 
neutralization patterns were observed in the two assays, although the 
precise 50% neutralizing titres were different.

To identify the mutations in BA.2.12.1 and BA.4/5 that confer antibody 
resistance, we assessed the neutralization sensitivity of pseudoviruses 
carrying each of the point mutations in the background of D614G or 
BA.2 to the aforementioned panel of mAbs and combinations. Detailed 
findings are presented in Extended Data Figs. 2 and 3 and Extended Data 

Table 2, and the most salient results are highlighted in Fig. 2b and dis-
cussed here. Substitutions (M, R and Q) at residue L452, previously found 
in the Delta and Lambda variants21,22, conferred resistance largely to 
classes 2 and 3 RBD mAbs, with L452R being the more detrimental muta-
tion. F486V broadly impaired the neutralizing activity of several class 1 
and 2 RBD mAbs. Notably, this mutation decreased the potency of ZCB11 
2,000-fold. By contrast, the reversion mutation R493Q sensitized BA.2 to 
neutralization by several class 1 and 2 RBD mAbs. This finding is consist-
ent with our previous study23 showing that Q493R found in the earlier 
Omicron subvariants mediated resistance to the same set of mAbs. L452, 
F486 and Q493, situated at the top of RBD, are among the residues most 
commonly targeted by SARS-CoV-2 neutralizing mAbs whose epitopes 
have been defined (Fig. 2c). In silico structural analysis showed that both 
L452R and L452Q caused steric hindrance to the binding by class 2 RBD 
mAbs. One such example is shown for LY-CoV555 (Fig. 2d), demonstrat-
ing the greater clash because of the arginine substitution and explaining 
why this particular mutation led to a larger loss of virus-neutralizing 
activity (Fig. 2b). Structural modelling of the F486V again showed steric 
hindrance to binding by class 2 RBD mAbs such as REGN10933, LY-CoV555 
and 2–15 caused by the valine substitution (Fig. 2e).

Receptor affinity
Epidemiological data clearly indicate that both BA.2.12.1 and BA.4/5 are 
very transmissible (Fig. 1a); however, the further mutations at the top of 
RBD (Fig. 2c) of these subvariants raises the possibility of a significant 
loss of affinity for the viral receptor, human angiotensin-converting 
enzyme 2 (hACE2). We therefore measured the binding affinity of puri-
fied spike proteins of D614G and main Omicron subvariants to dimeric 
hACE2 using surface plasmon resonance (SPR). The spike proteins of 
the Omicron subvariants exhibited similar binding affinities to hACE2, 
with KD values ranging from 1.66 nM for BA.4/5 to 2.36 nM for BA.2.12.1 
to 2.79 nM for BA.1.1 (Fig. 3a). Despite having >17 mutations in the RBD 
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Fig. 1 | Prevalence of SARS-CoV-2 Omicron subvariants. a, Frequencies of 
BA.1, BA.1.1, BA.2, BA.2.12.1 and BA.4/5 deposited in GISAID. The value in the 
upper right corner of each box denotes the cumulative number of sequences 
for all circulating viruses in the denoted time period. b, Unrooted phylogenetic 

tree of Omicron and its subvariants along with other main SARS-CoV-2 variants. 
The scale bar indicates the genetic distance. c, Key spike mutations found in 
BA.2, BA.2.12.1, BA.4 and BA.5. Del, deletion.
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考察 

本報告では 2022年 7月の BA.5流行期におけるワクチンの有効性を検討した。BA.5流行期にお
いては、2回接種後 5ヶ月後には発症予防効果は低程度であった。一方で、3回（ブースター）
接種により発症予防効果が中〜高程度まで高まる可能性が示された。2回接種と比較した 3回接
種の相対的な有効率についても同様に、一定程度見込まれることがわかった。諸外国の報告と
して、BA.5に対するワクチンの有効性に関する報告は非常に限られている。In vitro（試験管
内）での評価として、3回接種後の血清による中和能は、BA.1/BA.2と比較して BA.4/BA.5に対
して低く、ワクチンの有効性が低下する可能性が示唆された 10。疫学的な暫定評価として、感染
者におけるワクチン接種 2回接種または 3回接種のオッズが BA.1/BA.2と BA.5とで大きく変わ
らないという結果がイギリスやポルトガルから報告されている 11-12。本調査結果では、
BA.1/BA.2に対する有効性と比較して一定程度有効性が減弱する可能性が示唆されたが、信頼区
間も重なっており、解釈に注意を要する。ただし、BA.5流行期においても、2回接種から半年
弱後の有効性は低下した一方、ブースター接種によりワクチン有効率が高まることから、ブー
スター接種を検討するとともに、場面に応じた適切な感染対策を継続することが重要である。
海外の報告からは、BA.1/BA.2流行期における重症化予防効果は発症予防効果よりも高い値でよ
り長期間維持されることが報告されており、未接種者も速やかに接種を検討することが重要で

 5
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affected the results. To address some of these 
biases, we compared the rate of confirmed in-
fection and severe illness within the group of 
people who received the fourth dose. Estimates 
of the rate ratio during the first days after vac-
cination could include the effect of transient bi-
ases (Fig. S6). These potential biases include the 
“healthy vaccinee” bias,9 in which people who feel 
ill tend not to get vaccinated in the following 
days, which leads to a lower number of confirmed 
infections and severe disease in the four-dose 
group during the first days after vaccination. 
Moreover, one would expect that detection bias 
due to behavioral changes, such as the tendency 
to perform fewer tests after vaccination, is more 
pronounced shortly after receipt of the dose.

Thus, we compared the rates of confirmed 
infections and severe illness at different weeks 
after the fourth dose, from the second week 
onward, with the rates on days 3 to 7 after its 
receipt, a period during which the transient bi-
ases would have diminished but before the vac-

cine would be expected to have affected the rate 
of the outcomes of interest.6 The rate ratios ob-
tained for confirmed infections were very similar 
to those obtained when comparing the treatment 
groups with the persons who did not receive a 
fourth dose. For severe illness, the rate ratios rela-
tive to the internal control group were lower than 
the rate ratios relative to the three-dose group. 
Even when the internal control group was the basis 
for comparison, the rate ratios for severe illness 
were still higher than those for confirmed infec-
tion and did not show signs of waning immunity.

In addition, several sensitivity analyses were 
performed to assess the robustness of the results 
to further potential biases. First, we performed the 
analyses using data only from the general Jewish 
population, since the participants in that group 
are more common in the population that received 
the fourth dose. Second, we included in the model 
the risk of exposure in the person’s area of resi-
dence. The results of these analyses were similar 
to the results of the main analysis.

Figure 2. Adjusted Rate Ratios for Confirmed Infection and Severe Illness.

Shown are adjusted rate ratios for confirmed SARS-CoV-2 infection and severe Covid-19 in the group of persons eli-
gible for a fourth dose who had not yet received it (three-dose group) as compared with those who had received a 
fourth dose, as a function of time since the fourth dose (the higher the rate ratio, the greater the protection con-
ferred by the fourth dose of vaccine). Persons in the internal control group had received a fourth dose 3 to 7 days 
earlier (a period in which the fourth dose was not expected to affect the rate of confirmed infection or severe ill-
ness). Because of the 14-day follow-up period for severe Covid-19, the study period for this outcome was 2 weeks 
shorter than that for confirmed infection, and therefore the estimates of the adjusted rate ratio for severe illness 
end at week 6 instead of week 8.
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4回目ワクチン接種 
感染予防効果は3週後をピークに低下 
重症化予防効果は長期的に維持される
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（初期のウイルス）
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Figure 3: Observed Neutralizing Antibody Titers Against Ancestral SARS-CoV-2 (D614G) 
and Omicron after 50-µg of mRNA-1273.214 and mRNA-1273 Administered as Second 
Booster Doses 
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antibody geometric mean titers are from participants with non-missing data at the timepoint. 
Nine participants in the mRNA-1273 arm were missing pre-booster SARS-CoV-2 status. 
Antibody values reported as below the lower limit of quantification (LLOQ: 18.5 for ancestral 
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COVID-19まとめ

• COVID-19の流行が始まって2年半が経過し、変異株の出
現やワクチン接種によって感染者は増加し、重症化する割
合は少なくなってきている 

• 4回目のワクチン接種は高齢者や基礎疾患のある人に対す
る重症化予防の目的と、医療従事者には短期的な感染予
防効果が期待される 

• オミクロン株対応ワクチンは、オミクロン株への感染予防
効果も高くなることが期待されている


