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一．检索要求 

武桂珍发表论文被收录情况及所在期刊影响因子检索 

二．检索工具 

Science Citation Index Expanded (SCI-EXPANDED)  

中国知网 CNKI 

万方数据知识系统 

三．检索结果 

论文被收录引用情况统计 

英文 

题目 是

否

被

SCI

收

录 

被 引

次数 

他 引

次数 

期刊影

响因子 

1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, 

Huang B, Shi W, Lu R, Niu P, Zhan F, Ma X, Wang D, Xu W, 

Wu G, Gao GF, Tan W; China Novel Coronavirus 

Investigating and Research Team. A Novel Coronavirus 

from Patients with Pneumonia in China, 2019. N Engl J 

Med. 2020 Feb 20;382(8):727-733. doi: 

10.1056/NEJMoa2001017.  

是 16627 13278 91.253 

2. Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, Wang W, Song H, 

Huang B, Zhu N, Bi Y, Ma X, Zhan F, Wang L, Hu T, Zhou H, 

Hu Z, Zhou W, Zhao L, Chen J, Meng Y, Wang J, Lin Y, Yuan 

J, Xie Z, Ma J, Liu WJ, Wang D, Xu W, Holmes EC, Gao GF, 

Wu G, Chen W, Shi W, Tan W. Genomic characterisation 

and epidemiology of 2019 novel coronavirus: implications 

for virus origins and receptor binding. Lancet. 2020 Feb 

是 7361 5833 79.323 
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22;395(10224):565-574. doi: 

10.1016/S0140-6736(20)30251-8.  

3. Liu WJ, Liu P, Lei W, Jia Z, He X, Shi W, Tan Y, Zou S, 

Wong G, Wang J, Wang F, Wang G, Qin K, Gao R, Zhang J, 

Li M, Xiao W, Guo Y, Xu Z, Zhao Y, Song J, Zhang J, Zhen W, 

Zhou W, Ye B, Song J, Yang M, Zhou W, Dai Y, Lu G, Bi Y, Tan 

W, Han J, Gao GF, Wu G. Surveillance of SARS-CoV-2 at the 

Huanan Seafood Market. Nature, 2023 Apr 5, doi: 

10.1038/s41586-023-06043-2. 

是 162 144 69.504 

4. Liu P, Yang M, Zhao X, Guo Y, Wang L, Zhang J, Lei W, 

Han W, Jiang F, Liu WJ, Gao GF, Wu G. Cold-chain 

transportation in the frozen food industry may have 

caused a recurrence of COVID-19 cases in destination: 

Successful isolation of SARS-CoV-2 virus from the 

imported frozen cold package surface. Biosaf Health. 2020 

Dec;2(4):199-201. doi: 10.1016/j.bsheal.2020.11.003.  

否 121 98  

总计  24271 19353  

 

 

 

 

中文 

题目 被 引

次数 

他 引

次数 

1. 刘培培,江佳富,路浩,丛培蕾,赵莉蔺,乔格侠,周冬生,武桂珍. 加快推

进生物安全能力建设 ,全力保障国家生物安全 . 中国科学院院

刊,2023,38(3):414-423.  

0 0 

2. 魏强,武桂珍. 中国疾病预防控制机构实验室信息管理系统的建设与

管理. 疾病监测,2008,23(10):599-601.  
22 21 

合计 22 21 
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四．检索结论 

经检索 Science Citation Index Expanded (SCI-EXPANDED)，中国知网 CNKI，万

方数据知识系统，武桂珍已发表上述 4 篇英文论文，总计被引频次 24271 次，他

引次数 19353 次；上述 2 篇中文论文，被引 22 次，其中 21 次为他引。（详细被

引情况见附件） 
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代表作 1： 
Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang B, Shi W, Lu R, Niu P, 
Zhan F, Ma X, Wang D, Xu W, Wu G, Gao GF, Tan W; China Novel Coronavirus 
Investigating and Research Team. A Novel Coronavirus from Patients with Pneumonia in 
China, 2019. N Engl J Med. 382(2020),727-733, doi: 10.1056/NEJMoa2001017.  
1. NEJM 同期配发一篇社论（Editorial）和一篇观点性论文（Perspective），称赞中国

科学界的迅速反应，促进了对新冠病毒的认识及其感染流行病学的初步了解，该
病毒的鉴定将有助于开发试剂，解决有关新冠病毒感染的未知问题，并指导抗病
毒疗法的开发，该文具有重大公共卫生意义。 

 
文章链接：Another Decade, Another Coronavirus - PubMed (nih.gov) 

 
文章链接：A Novel Coronavirus Emerging in China - Key Questions for Impact Assessment 
- PubMed (nih.gov) 
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ongoing discussions with relevant health depart-
ments and national committees to facilitate the 
scale-up of the interventions evaluated. Mean-
while, along with improved availability, distri-
bution, and initiation of validated drug classes, 
other key efforts are also required to reduce the 
dreadful health burden caused by raised blood 
pressure2 — namely, population-based preven-
tion through improved diets and lifestyle and 
enhanced routine screening of blood pressure, 
as promoted by May Measurement Month.4

Disclosure forms provided by the author are available with the 
full text of this editorial at NEJM.org.

From Imperial College London, London. 

1. Jafar TH, Gandhi M, de Silva HA, et. al. A community-based 
intervention for managing hypertension in rural South Asia.  
N Engl J Med 2020; 382: 717-26.
2. GBD 2017 Risk Factor Collaborators. Global, regional, and 
national comparative risk assessment of 84 behavioural, envi-
ronmental and occupational, and metabolic risks or clusters of 
risks for 195 countries and territories, 1990-2017: a systematic 
analysis for the Global Burden of Disease Study 2017. Lancet 
2018; 392: 1923-94.

3. Geldsetzer P, Manne-Goehler J, Marcus ME, et al. The state 
of hypertension care in 44 low-income and middle-income 
countries: a cross-sectional study of nationally representative 
individual-level data from 1·1 million adults. Lancet 2019; 394: 
652-62.
4. Beaney T, Burrell LM, Castillo RR, et al. May Measurement 
Month 2018: a pragmatic global screening campaign to raise 
awareness of blood pressure by the International Society of Hy-
pertension. Eur Heart J 2019; 40: 2006-17.
5. Ettehad D, Emdin CA, Kiran A, et al. Blood pressure lower-
ing for prevention of cardiovascular disease and death: a system-
atic review and meta-analysis. Lancet 2016; 387: 957-67.
6. Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/
AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline 
for the prevention, detection, evaluation, and management of 
high blood pressure in adults: executive summary: a report of 
the American College of Cardiology/American Heart Association 
Task Force on Clinical Practice Guidelines. Hypertension 2018; 
71: 1269-324.
7. Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH 
guidelines for the management of arterial hypertension. Eur 
Heart J 2018; 39: 3021-104.
8. Gandhi M, Assam PN, Turner EL, Morisky DE, Chan E, Jafar 
TH. Statistical analysis plan for the Control of Blood Pressure 
and Risk Attenuation–Rural Bangladesh, Pakistan, Sri Lanka 
(COBRA-BPS) trial: a cluster randomized trial for a multicompo-
nent intervention versus usual care in hypertensive patients. Tri-
als 2018; 19: 658.

DOI: 10.1056/NEJMe1917479
Copyright © 2020 Massachusetts Medical Society.

Another Decade, Another Coronavirus

Stanley Perlman, M.D., Ph.D.

For the third time in as many decades, a zoo-
notic coronavirus has crossed species to infect 
human populations. This virus, provisionally 
called 2019-nCoV, was first identified in Wuhan, 
China, in persons exposed to a seafood or wet 
market. The rapid response of the Chinese pub-
lic health, clinical, and scientific communities 
facilitated recognition of the clinical disease and 
initial understanding of the epidemiology of the 
infection. First reports indicated that human-to-
human transmission was limited or nonexistent, 
but we now know that such transmission occurs, 
although to what extent remains unknown. Like 
outbreaks caused by two other pathogenic hu-
man respiratory coronaviruses (severe acute 
respiratory syndrome coronavirus [SARS-CoV] 
and Middle East respiratory syndrome corona-
virus [MERS-CoV]), 2019-nCoV causes respira-
tory disease that is often severe.1 As of January 

24, 2020, there were more than 800 reported 
cases, with a mortality rate of 3% (https://
promedmail . org/  ).

As now reported in the Journal, Zhu et al.2 
have identified and characterized 2019-nCoV. 
The viral genome has been sequenced, and these 
results in conjunction with other reports show 
that it is 75 to 80% identical to the SARS-CoV 
and even more closely related to several bat coro-
naviruses.3 It can be propagated in the same 
cells that are useful for growing SARS-CoV and 
MERS-CoV, but notably, 2019-nCoV grows better 
in primary human airway epithelial cells than in 
standard tissue-culture cells, unlike SARS-CoV 
or MERS-CoV. Identification of the virus will 
allow the development of reagents to address 
key unknowns about this new coronavirus in-
fection and guide the development of antiviral 
therapies. First, knowing the sequence of the 
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genome facilitates the development of sensitive 
quantitative reverse-transcriptase–polymerase-
chain-reaction assays to rapidly detect the virus. 
Second, the development of serologic assays will 
allow assessment of the prevalence of the infec-
tion in humans and in potential zoonotic sourc-
es of the virus in wet markets and other set-
tings. These reagents will also be useful for 
assessing whether the human infection is more 
widespread than originally thought, since wet 
markets are present throughout China. Third, 
having the virus in hand will spur efforts to 
develop antiviral therapies and vaccines, as well 
as experimental animal models.

Much still needs to be learned about this in-
fection. Most important, the extent of interhu-
man transmission and the spectrum of clinical 
disease need to be determined. Transmission of 
SARS-CoV and MERS-CoV occurred to a large 
extent by means of superspreading events.4,5 Su-
perspreading events have been implicated in 
2019-nCoV transmission, but their relative im-
portance is unknown. Both SARS-CoV and 
MERS-CoV infect intrapulmonary epithelial cells 
more than cells of the upper airways.4,6 Conse-
quently, transmission occurs primarily from pa-
tients with recognized illness and not from pa-
tients with mild, nonspecific signs. It appears 
that 2019-nCoV uses the same cellular receptor 
as SARS-CoV (human angiotensin-converting 
enzyme 2 [hACE2]),3 so transmission is expected 
only after signs of lower respiratory tract disease 
develop. SARS-CoV mutated over the 2002–2004 
epidemic to better bind to its cellular receptor 
and to optimize replication in human cells, 
enhancing virulence.7 Adaptation readily occurs 
because coronaviruses have error-prone RNA-
dependent RNA polymerases, making mutations 
and recombination events frequent. By contrast, 
MERS-CoV has not mutated substantially to 
enhance human infectivity since it was detected 
in 2012.8

It is likely that 2019-nCoV will behave more 
like SARS-CoV and further adapt to the human 
host, with enhanced binding to hACE2. Conse-
quently, it will be important to obtain as many 
temporally and geographically unrelated clinical 
isolates as possible to assess the degree to which 
the virus is mutating and to assess whether 
these mutations indicate adaptation to the hu-

man host. Furthermore, if 2019-nCoV is similar 
to SARS-CoV, the virus will spread systemically.9 
Obtaining patient samples at autopsy will help 
elucidate the pathogenesis of the infection and 
modify therapeutic interventions rationally. It 
will also help validate results obtained from 
experimental infections of laboratory animals.

A second key question is identification of the 
zoonotic origin of the virus. Given its close 
similarity to bat coronaviruses, it is likely that 
bats are the primary reservoir for the virus. 
SARS-CoV was transmitted to humans from 
exotic animals in wet markets, whereas MERS-
CoV is transmitted from camels to humans.10 In 
both cases, the ancestral hosts were probably 
bats. Whether 2019-nCoV is transmitted directly 
from bats or by means of intermediate hosts is 
important to understand and will help define 
zoonotic transmission patterns.

A striking feature of the SARS epidemic was 
that fear played a major role in the economic 
and social consequences. Although specific anti-
coronaviral therapies are still in development, 
we now know much more about how to control 
such infections in the community and hospitals, 
which should alleviate some of this fear. Trans-
mission of 2019-nCoV probably occurs by means 
of large droplets and contact and less so by 
means of aerosols and fomites, on the basis of 
our experience with SARS-CoV and MERS-CoV.4,5 
Public health measures, including quarantining 
in the community as well as timely diagnosis 
and strict adherence to universal precautions in 
health care settings, were critical in controlling 
SARS and MERS. Institution of similar measures 
will be important and, it is hoped, successful in 
reducing the transmission of 2019-nCoV.

Disclosure forms provided by the author are available with the 
full text of this editorial at NEJM.org.

From the Department of Microbiology and Immunology, Uni-
versity of Iowa, Iowa City. 

This editorial was published on January 24, 2020, at NEJM.org.

1. Huang C, Wang Y, Li X, et al. Clinical features of patients 
infected with 2019 novel coronavirus in Wuhan, China. Lancet, 
January 24, 2020.
2. Zhu N, Zhang D, Wang W, et al. A novel coronavirus from 
patients with pneumonia in China, 2019. N Engl J Med 2020; 382: 
727-33.
3. Zhou P, Yang X-L, Wang X-G, et al. Discovery of a novel coro-
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navirus associated with the recent pneumonia outbreak in 2 hu-
mans and its potential bat origin. bioRxiv, January 23, 2020.
4. Hui DS, Azhar EI, Kim YJ, Memish ZA, Oh MD, Zumla A. 
Middle East respiratory syndrome coronavirus: risk factors and 
determinants of primary, household, and nosocomial transmis-
sion. Lancet Infect Dis 2018; 18: e217-e227.
5. Peiris JS, Guan Y, Yuen KY. Severe acute respiratory syn-
drome. Nat Med 2004; 10: Suppl: S88-S97.
6. Cheng PK, Wong DA, Tong LK, et al. Viral shedding patterns 
of coronavirus in patients with probable severe acute respiratory 
syndrome. Lancet 2004; 363: 1699-700.
7. Chinese SARS Molecular Epidemiology Consortium. Molec-

ular evolution of the SARS coronavirus during the course of the 
SARS epidemic in China. Science 2004; 303: 1666-9.
8. Forni D, Cagliani R, Clerici M, Sironi M. Molecular evolution 
of human coronavirus genomes. Trends Microbiol 2017; 25: 35-
48.
9. Gu J, Gong E, Zhang B, et al. Multiple organ infection and 
the pathogenesis of SARS. J Exp Med 2005; 202: 415-24.
10. Sabir JS, Lam TT, Ahmed MM, et al. Co-circulation of three 
camel coronavirus species and recombination of MERS-CoVs in 
Saudi Arabia. Science 2016; 351: 81-4.
DOI: 10.1056/NEJMe2001126
Copyright © 2020 Massachusetts Medical Society.
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A Novel Coronavirus Emerging in China

A Novel Coronavirus Emerging in China — Key Questions  
for Impact Assessment
Vincent J. Munster, Ph.D., Marion Koopmans, D.V.M., Neeltje van Doremalen, Ph.D., Debby van Riel, Ph.D., 
and Emmie de Wit, Ph.D.  

A novel coronavirus, designated 
as 2019-nCoV, emerged in 

Wuhan, China, at the end of 2019. 
As of January 24, 2020, at least 
830 cases had been diagnosed in 
nine countries: China, Thailand, 
Japan, South Korea, Singapore, 
Vietnam, Taiwan, Nepal, and the 
United States. Twenty-six fatali-
ties occurred, mainly in patients 
who had serious underlying ill-
ness.1 Although many details of 
the emergence of this virus — 
such as its origin and its ability 
to spread among humans — re-
main unknown, an increasing 
number of cases appear to have 
resulted from human-to-human 
transmission. Given the severe 
acute respiratory syndrome coro-
navirus (SARS-CoV) outbreak in 
2002 and the Middle East re-
spiratory syndrome coronavirus 
(MERS-CoV) outbreak in 2012,2 
2019-nCoV is the third coronavi-
rus to emerge in the human pop-
ulation in the past two decades 
— an emergence that has put 
global public health institutions 
on high alert.

China responded quickly by in-
forming the World Health Orga-
nization (WHO) of the outbreak 
and sharing sequence informa-
tion with the international com-
munity after discovery of the 
causative agent. The WHO re-
sponded rapidly by coordinating 
diagnostics development; issuing 
guidance on patient monitoring, 
specimen collection, and treat-
ment; and providing up-to-date 
information on the outbreak.3 
Several countries in the region as 

well as the United States are 
screening travelers from Wuhan 
for fever, aiming to detect 2019-
nCoV cases before the virus 
spreads further. Updates from 
China, Thailand, Korea, and Ja-
pan indicate that the disease as-
sociated with 2019-nCoV appears 
to be relatively mild as compared 
with SARS and MERS.

After initial reports of a SARS-
like virus emerging in Wuhan, it 
appears that 2019-nCoV may be 
less pathogenic than MERS-CoV 
and SARS-CoV (see table). How-
ever, the virus’s emergence raises 
an important question: What is 
the role of overall pathogenicity 
in our ability to contain emerg-
ing viruses, prevent large-scale 
spread, and prevent them from 
causing a pandemic or becoming 
endemic in the human popula-
tion? Important questions regard-
ing any emerging virus are, What 
is the shape of the disease pyra-
mid? What proportion of infect-
ed people develop disease? And 
what proportion of those seek 
health care? These three questions 
inform the classic surveillance 
pyramid (see diagram).4 Emerg-
ing coronaviruses raise an addi-
tional question: How widespread 
is the virus in its reservoir? Cur-
rently, epidemiologic data that 
would allow us to draw this pyra-
mid are largely unavailable (see 
diagram).

Clearly, efficient human-to-
human transmission is a require-
ment for large-scale spread of this 
emerging virus. However, the se-
verity of disease is an important 

indirect factor in a virus’s ability 
to spread, as well as in our abil-
ity to identify those infected and 
to contain it — a relationship 
that holds true whether an out-
break results from a single spill-
over event (SARS-CoV) or from 
repeated crossing of the species 
barrier (MERS-CoV).

If infection does not cause seri-
ous disease, infected people prob-
ably will not end up in health care 
centers. Instead, they will go to 
work and travel, thereby poten-
tially spreading the virus to their 
contacts, possibly even interna-
tionally. Whether subclinical or 
mild disease from 2019-nCoV is 
also associated with a reduced 
risk of virus spread remains to 
be determined.

Much of our thinking regard-
ing the relationship between trans-
missibility and pathogenicity of 
respiratory viruses has been in-
fluenced by our understanding of 
influenza A virus: the change in 
receptor specificity necessary for 
efficient human-to-human trans-
mission of avian influenza virus-
es leads to a tropism shift from 
the lower to the upper respiratory 
tract, resulting in a lower disease 
burden. Two primary — and re-
cent — examples are the pan-
demic H1N1 virus and the avian 
influenza H7N9 virus. Whereas 
the pandemic H1N1 virus — 
binding to receptors in the upper 
respiratory tract — caused rela-
tively mild disease and became 
endemic in the population, the 
H7N9 virus — binding to recep-
tors in the lower respiratory tract 

The New England Journal of Medicine 
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— has a case-fatality rate of ap-
proximately 40% and has so far 
resulted in only a few small clus-
ters of human-to-human trans-
mission.

It is tempting to assume that 
this association would apply to 
other viruses as well, but such a 
similarity is not a given: two 
coronaviruses that use the same 
receptor (ACE2) — NL63 and 
SARS-CoV — cause disease of 
different severity. Whereas NL63 
usually causes mild upper respi-
ratory tract disease and is en-
demic in the human population, 
SARS-CoV induced severe lower 
respiratory tract disease with a 
case-fatality rate of about 11% 
(see table). SARS-CoV was even-
tually contained by means of syn-
dromic surveillance, isolation of 
patients, and quarantine of their 
contacts. Thus, disease severity is 
not necessarily linked to trans-
mission efficiency.

Even if a virus causes subclin-
ical or mild disease in general, 
some people may be more sus-
ceptible and end up seeking care. 
The majority of SARS-CoV and 

MERS-CoV cases were associated 
with nosocomial transmission in 
hospitals,5 resulting at least in 
part from the use of aerosol-gen-
erating procedures in patients with 
respiratory disease. In particular, 
nosocomial super-spreader events 
appear to have driven large out-
breaks within and between 
health care settings. For exam-
ple, travel from Hong Kong to 
Toronto by one person with 
SARS-CoV resulted in 128 SARS 
cases in a local hospital. Similar-
ly, the introduction of a single pa-
tient with MERS-CoV from Saudi 
Arabia into the South Korean 
health care system resulted in 
186 MERS cases.

The substantial involvement of 
nosocomial transmission in both 
SARS-CoV and MERS-CoV out-
breaks suggests that such trans-
mission is a serious risk with 
other newly emerging respiratory 
coronaviruses. In addition to the 
vulnerability of health care set-
tings to outbreaks of emerging 
coronaviruses, hospital popula-
tions are at significantly increased 
risk for complications from infec-

tion. Age and coexisting condi-
tions (such as diabetes or heart 
disease) are independent predic-
tors of adverse outcome in SARS-
CoV and MERS-CoV. Thus, emerg-
ing viruses that may go undetected 
because of a lack of severe dis-
ease in healthy people can pose 
significant risk to vulnerable pop-
ulations with underlying medical 
conditions.

A lack of severe disease mani-
festations affects our ability to 
contain the spread of the virus. 
Identification of chains of trans-
mission and subsequent contact 
tracing are much more compli-
cated if many infected people re-
main asymptomatic or mildly 
symptomatic (assuming that these 
people are able to transmit the 
virus). More pathogenic viruses 
that transmit well between hu-
mans can generally be contained 
effectively through syndromic 
(fever) surveillance and contact 
tracing, as exemplified by SARS-
CoV and, more recently, Ebola 
virus. Although containment of 
the ongoing Ebola virus outbreak 
in the Democratic Republic of 

Virus
Case Fatality 

Rate (%) Pandemic Contained Remarks

2019-nCoV Unknown* Unknown No, efforts ongoing

pH1N1 0.02–0.4 Yes No, postpandemic circulation and 
establishment in human popu-
lation

H7N9 39 No No, eradication efforts in poultry 
 reservoir ongoing

NL63 Unknown Unknown No, endemic in human population

SARS-CoV 9.5 Yes Yes, eradicated from intermediate 
animal reservoir

58% of cases result from nosocomial 
transmission

MERS-CoV 34.4 No No, continuous circulation in animal 
reservoir and zoonotic spillover

70% of cases result from nosocomial 
transmission

Ebola virus 
(West Africa)

63 No Yes

*  Number will most likely continue to change until all infected persons recover.

Pathogenicity and Transmissibility Characteristics of Recently Emerged Viruses in Relation to Outbreak Containment.

The New England Journal of Medicine 
Downloaded from nejm.org on June 10, 2023. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



PERSPECTIVE

694

A Novel Coronavirus Emerging in China

n engl j med 382;8  nejm.org February 20, 2020

Congo is complicated by violent 
conflict, all previous outbreaks 
were contained through identifica-
tion of cases and tracing of con-
tacts, despite the virus’s efficient 
person-to-person transmission.

We currently do not know 
where 2019-nCoV falls on the 
scale of human-to-human trans-
missibility. But it is safe to as-
sume that if this virus transmits 
efficiently, its seemingly lower 
pathogenicity as compared with 
SARS, possibly combined with 
super-spreader events in specif-
ic cases, could allow large-scale 
spread. In this manner, a virus 
that poses a low health threat on 
the individual level can pose a 
high risk on the population level, 
with the potential to cause dis-
ruptions of global public health 

systems and economic losses. 
This possibility warrants the cur-
rent aggressive response aimed at 
tracing and diagnosing every in-
fected patient and thereby break-
ing the transmission chain of 
2019-nCoV.

Epidemiologic information on 
the pathogenicity and transmis-
sibility of this virus obtained by 
means of molecular detection and 
serosurveillance is needed to fill 
in the details in the surveillance 
pyramid and guide the response 
to this outbreak. Moreover, the 
propensity of novel coronaviruses 
to spread in health care centers 
indicates a need for peripheral 
health care facilities to be on 
standby to identify potential cases 
as well. In addition, increased 
preparedness is needed at ani-

mal markets and other animal 
facilities, while the possible source 
of this emerging virus is being 
investigated. If we are proactive 
in these ways, perhaps we will 
never have to discover the true 
epidemic or pandemic potential 
of 2019-nCoV.

Disclosure forms provided by the authors 
are available at NEJM.org.
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When Sensitivity Is a Liability
Jay Baruch, M.D.  

You find a spot in the shad-
ows of the emergency de-

partment. A nurse has turned 
off a bank of overhead lamps, 
creating a twilight that’s any-
thing but peaceful. You fidget 
with the stethoscope pocketed in 

the white coat you never wear, 
listen to your patient’s father 
and aunt as they stand vigil over 
the stretcher. You’re all waiting 
for the young man to die a sec-
ond time.

“I shouldn’t have let him take 

the Chevy,” says the father, a 
stooped refrigerator of a man 
wearing work boots, a Patriots 
sweatshirt, and a limp.

“He just got out of rehab,” 
says the aunt, her face a mystery 
of lines — too much sun, too 

Surveillance Pyramid and Its Relation to Outbreak Containment.

The proportion of mild and asymptomatic cases versus severe and fatal cases is cur-
rently unknown for 2019-nCoV — a knowledge gap that hampers realistic assessment 
of the virus’s epidemic potential and complicates the outbreak response.

Fatal

Severe

Mild or asymptomatic

Patients seek health care and can
be diagnosed and isolated, and
their contacts can be traced.
A caveat is that coronaviruses
have a propensity for noso-
comial spread.

Patients do not seek health care,
do not receive a diagnosis, and
may spread the virus to contacts.A
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2. 国外辉瑞疫苗研发团队在其发表的 NEJM 论文称赞上述相关成果为全球新冠疫苗
和诊断试剂的研发提供基础条件，其中 BNT162b2 疫苗的研发是在中国疾病预防
控制中心发布了 SARS-CoV-2 基因序列，并通过 GISAID(全球流感数据共享倡议)
向全球传播之后开始的。 
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BACKGROUND
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and the 
resulting coronavirus disease 2019 (Covid-19) have afflicted tens of millions of people 
in a worldwide pandemic. Safe and effective vaccines are needed urgently.

METHODS
In an ongoing multinational, placebo-controlled, observer-blinded, pivotal efficacy 
trial, we randomly assigned persons 16 years of age or older in a 1:1 ratio to receive 
two doses, 21 days apart, of either placebo or the BNT162b2 vaccine candidate (30 μg 
per dose). BNT162b2 is a lipid nanoparticle–formulated, nucleoside-modified RNA 
vaccine that encodes a prefusion stabilized, membrane-anchored SARS-CoV-2 full-
length spike protein. The primary end points were efficacy of the vaccine against 
laboratory-confirmed Covid-19 and safety.

RESULTS
A total of 43,548 participants underwent randomization, of whom 43,448 received 
injections: 21,720 with BNT162b2 and 21,728 with placebo. There were 8 cases of 
Covid-19 with onset at least 7 days after the second dose among participants as-
signed to receive BNT162b2 and 162 cases among those assigned to placebo; 
BNT162b2 was 95% effective in preventing Covid-19 (95% credible interval, 90.3 to 
97.6). Similar vaccine efficacy (generally 90 to 100%) was observed across subgroups 
defined by age, sex, race, ethnicity, baseline body-mass index, and the presence of 
coexisting conditions. Among 10 cases of severe Covid-19 with onset after the first 
dose, 9 occurred in placebo recipients and 1 in a BNT162b2 recipient. The safety 
profile of BNT162b2 was characterized by short-term, mild-to-moderate pain at the 
injection site, fatigue, and headache. The incidence of serious adverse events was 
low and was similar in the vaccine and placebo groups.

CONCLUSIONS
A two-dose regimen of BNT162b2 conferred 95% protection against Covid-19 in 
persons 16 years of age or older. Safety over a median of 2 months was similar to 
that of other viral vaccines. (Funded by BioNTech and Pfizer; ClinicalTrials.gov 
number, NCT04368728.)
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Coronavirus disease 2019 (Covid-19) 
has affected tens of millions of people 
globally1 since it was declared a pandemic 

by the World Health Organization on March 11, 
2020.2 Older adults, persons with certain coex-
isting conditions, and front-line workers are at 
highest risk for Covid-19 and its complications. 
Recent data show increasing rates of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection and Covid-19 in other populations, in-
cluding younger adults.3 Safe and effective pro-
phylactic vaccines are urgently needed to contain 
the pandemic, which has had devastating medi-
cal, economic, and social consequences.

We previously reported phase 1 safety and im-
munogenicity results from clinical trials of the 
vaccine candidate BNT162b2,4 a lipid nanoparticle–
formulated,5 nucleoside-modified RNA (modRNA)6 
encoding the SARS-CoV-2 full-length spike, modi-
fied by two proline mutations to lock it in the 
prefusion conformation.7 Findings from studies 
conducted in the United States and Germany 
among healthy men and women showed that two 
30-μg doses of BNT162b2 elicited high SARS-CoV-2 
neutralizing antibody titers and robust antigen-
specific CD8+ and Th1-type CD4+ T-cell respons-
es.8 The 50% neutralizing geometric mean titers 
elicited by 30 μg of BNT162b2 in older and young-
er adults exceeded the geometric mean titer mea-
sured in a human convalescent serum panel, de-
spite a lower neutralizing response in older adults 
than in younger adults. In addition, the reactoge-
nicity profile of BNT162b2 represented mainly 
short-term local (i.e., injection site) and systemic 
responses. These findings supported progression 
of the BNT162b2 vaccine candidate into phase 3.

Here, we report safety and efficacy findings 
from the phase 2/3 part of a global phase 1/2/3 
trial evaluating the safety, immunogenicity, and 
efficacy of 30 μg of BNT162b2 in preventing 
Covid-19 in persons 16 years of age or older. This 
data set and these trial results are the basis for an 
application for emergency use authorization.9 Col-
lection of phase 2/3 data on vaccine immunoge-
nicity and the durability of the immune response 
to immunization is ongoing, and those data are 
not reported here.

Me thods

Trial Objectives, Participants and Oversight

We assessed the safety and efficacy of two 30-μg 
doses of BNT162b2, administered intramuscu-

larly 21 days apart, as compared with placebo. 
Adults 16 years of age or older who were healthy 
or had stable chronic medical conditions, includ-
ing but not limited to human immunodeficiency 
virus (HIV), hepatitis B virus, or hepatitis C vi-
rus infection, were eligible for participation in 
the trial. Key exclusion criteria included a medi-
cal history of Covid-19, treatment with immuno-
suppressive therapy, or diagnosis with an im-
munocompromising condition.

Pfizer was responsible for the design and 
conduct of the trial, data collection, data analysis, 
data interpretation, and the writing of the 
manuscript. BioNTech was the sponsor of the 
trial, manufactured the BNT162b2 clinical trial 
material, and contributed to the interpretation 
of the data and the writing of the manuscript. 
All the trial data were available to all the authors, 
who vouch for its accuracy and completeness and 
for adherence of the trial to the protocol, which 
is available with the full text of this article at 
NEJM.org. An independent data and safety mon-
itoring board reviewed efficacy and unblinded 
safety data.

Trial Procedures

With the use of an interactive Web-based sys-
tem, participants in the trial were randomly as-
signed in a 1:1 ratio to receive 30 μg of 
BNT162b2 (0.3 ml volume per dose) or saline 
placebo. Participants received two injections, 21 
days apart, of either BNT162b2 or placebo, deliv-
ered in the deltoid muscle. Site staff who were 
responsible for safety evaluation and were un-
aware of group assignments observed partici-
pants for 30 minutes after vaccination for any 
acute reactions.

Safety

The primary end points of this trial were solic-
ited, specific local or systemic adverse events 
and use of antipyretic or pain medication within 
7 days after the receipt of each dose of vaccine 
or placebo, as prompted by and recorded in an 
electronic diary in a subset of participants (the 
reactogenicity subset), and unsolicited adverse 
events (those reported by the participants with-
out prompts from the electronic diary) through 
1 month after the second dose and unsolicited 
serious adverse events through 6 months after 
the second dose. Adverse event data through ap-
proximately 14 weeks after the second dose are 
included in this report. In this report, safety 

A Quick Take 
is available at 

NEJM.org
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data are reported for all participants who pro-
vided informed consent and received at least one 
dose of vaccine or placebo. Per protocol, safety re-
sults for participants infected with HIV (196 pa-
tients) will be analyzed separately and are not 
included here.

During the phase 2/3 portion of the study, a 
stopping rule for the theoretical concern of vac-
cine-enhanced disease was to be triggered if the 
one-sided probability of observing the same or a 
more unfavorable adverse severe case split (a split 
with a greater proportion of severe cases in vac-
cine recipients) was 5% or less, given the same 
true incidence for vaccine and placebo recipients. 
Alert criteria were to be triggered if this probabil-
ity was less than 11%.

Efficacy

The first primary end point was the efficacy of 
BNT162b2 against confirmed Covid-19 with onset 
at least 7 days after the second dose in participants 
who had been without serologic or virologic evi-
dence of SARS-CoV-2 infection up to 7 days after 
the second dose; the second primary end point 
was efficacy in participants with and partici-
pants without evidence of prior infection. Con-
firmed Covid-19 was defined according to the 
Food and Drug Administration (FDA) criteria as 
the presence of at least one of the following 
symptoms: fever, new or increased cough, new or 
increased shortness of breath, chills, new or in-
creased muscle pain, new loss of taste or smell, 
sore throat, diarrhea, or vomiting, combined with 
a respiratory specimen obtained during the symp-
tomatic period or within 4 days before or after it 
that was positive for SARS-CoV-2 by nucleic acid 
amplification–based testing, either at the central 
laboratory or at a local testing facility (using a 
protocol-defined acceptable test).

Major secondary end points included the ef-
ficacy of BNT162b2 against severe Covid-19. Se-
vere Covid-19 is defined by the FDA as confirmed 
Covid-19 with one of the following additional 
features: clinical signs at rest that are indicative 
of severe systemic illness; respiratory failure; evi-
dence of shock; significant acute renal, hepatic, 
or neurologic dysfunction; admission to an in-
tensive care unit; or death. Details are provided 
in the protocol.

An explanation of the various denominator 
values for use in assessing the results of the 
trial is provided in Table S1 in the Supplemen-

tary Appendix, available at NEJM.org. In brief, 
the safety population includes persons 16 years 
of age or older; a total of 43,448 participants 
constituted the population of enrolled persons 
injected with the vaccine or placebo. The main 
safety subset as defined by the FDA, with a me-
dian of 2 months of follow-up as of October 9, 
2020, consisted of 37,706 persons, and the reac-
togenicity subset consisted of 8183 persons. The 
modified intention-to-treat (mITT) efficacy pop-
ulation includes all age groups 12 years of age 
or older (43,355 persons; 100 participants who 
were 12 to 15 years of age contributed to person-
time years but included no cases). The number 
of persons who could be evaluated for efficacy 7 
days after the second dose and who had no evi-
dence of prior infection was 36,523, and the 
number of persons who could be evaluated 7 
days after the second dose with or without evi-
dence of prior infection was 40,137.

Statistical Analysis

The safety analyses included all participants 
who received at least one dose of BNT162b2 or 
placebo. The findings are descriptive in nature 
and not based on formal statistical hypothesis 
testing. Safety analyses are presented as counts, 
percentages, and associated Clopper–Pearson 
95% confidence intervals for local reactions, 
systemic events, and any adverse events after 
vaccination, according to terms in the Medical 
Dictionary for Regulatory Activities (MedDRA), ver-
sion 23.1, for each vaccine group.

Analysis of the first primary efficacy end 
point included participants who received the vac-
cine or placebo as randomly assigned, had no 
evidence of infection within 7 days after the 
second dose, and had no major protocol devia-
tions (the population that could be evaluated). 
Vaccine efficacy was estimated by 100 × (1 − IRR), 
where IRR is the calculated ratio of confirmed 
cases of Covid-19 illness per 1000 person-years 
of follow-up in the active vaccine group to the 
corresponding illness rate in the placebo group. 
The 95.0% credible interval for vaccine efficacy 
and the probability of vaccine efficacy greater 
than 30% were calculated with the use of a 
Bayesian beta-binomial model. The final analy-
sis uses a success boundary of 98.6% for prob-
ability of vaccine efficacy greater than 30% to 
compensate for the interim analysis and to 
control the overall type 1 error rate at 2.5%. 
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1272 Did not undergo randomization
1152 Did not meet eligibility criteria

64 Had other reason
33 Withdrew
13 Underwent randomization

after cutoff
5 Had unspecified reason
4 Were withdrawn by physician
1 Was lost to follow-up

99 Were not vaccinated
1 Did not sign the informed
   consent document

316 Did not receive dose 2
96 Withdrew
86 Were no longer eligible
61 Were lost to follow-up
46 Had ongoing or pending

status
18 Had adverse event
5 Were pregnant
2 Were withdrawn by 

physician
1 Died
1 Had medication error

(no adverse event)

304 Did not receive dose 2
100 Withdrew
62 Were lost to follow-up
56 Had ongoing or pending

status
51 Were no longer eligible
28 Had adverse event
4 Were pregnant
2 Were withdrawn by

physician
1 Died

18,556 Received dose 2 of BNT162b2 18,530 Received dose 2 of placebo

43,448 Were injected with vaccine or placebo
21,720 Were assigned to receive BNT162b2
21,728 Were assigned to receive placebo

37,706 Received vaccine or placebo
and had median follow-up of 2 mo

43,548 Underwent randomization

44,820 Participants were screened

18,860 Received dose 1 of BNT162b2 18,846 Received dose 1 of placebo

48 Discontinued trial after dose 2
27 Withdrew
18 Were lost to follow-up
1 Died
1 Was withdrawn by physician
1 Had medication error 

(no adverse event)

95 Discontinued trial after dose 2
66 Withdrew
25 Were lost to follow-up
2 Died
1 Had other reason
1 Declined further procedures
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Moreover, primary and secondary efficacy end 
points are evaluated sequentially to control the 
familywise type 1 error rate at 2.5%. Descriptive 

analyses (estimates of vaccine efficacy and 95% 
confidence intervals) are provided for key sub-
groups.

R esult s

Participants

Between July 27, 2020, and November 14, 2020, 
a total of 44,820 persons were screened, and 
43,548 persons 16 years of age or older under-
went randomization at 152 sites worldwide 
(United States, 130 sites; Argentina, 1; Brazil, 2; 
South Africa, 4; Germany, 6; and Turkey, 9) in 
the phase 2/3 portion of the trial. A total of 

Figure 1 (facing page). Enrollment and Randomization.

The diagram represents all enrolled participants 
through November 14, 2020. The safety subset (those 
with a median of 2 months of follow-up, in accordance 
with application requirements for Emergency Use Au-
thorization) is based on an October 9, 2020, data cut-
off date. The further procedures that one participant in 
the placebo group declined after dose 2 (lower right 
corner of the diagram) were those involving collection 
of blood and nasal swab samples.

Table 1. Demographic Characteristics of the Participants in the Main Safety Population.*

Characteristic
BNT162b2 
(N=18,860)

Placebo 
(N=18,846)

Total 
(N=37,706)

Sex — no. (%)

Male 9,639 (51.1) 9,436 (50.1) 19,075 (50.6)

Female 9,221 (48.9) 9,410 (49.9) 18,631 (49.4)

Race or ethnic group — no. (%)†

White 15,636 (82.9) 15,630 (82.9) 31,266 (82.9)

Black or African American 1,729 (9.2) 1,763 (9.4) 3,492 (9.3)

Asian 801 (4.2) 807 (4.3) 1,608 (4.3)

Native American or Alaska Native 102 (0.5) 99 (0.5) 201 (0.5)

Native Hawaiian or other Pacific Islander 50 (0.3) 26 (0.1) 76 (0.2)

Multiracial 449 (2.4) 406 (2.2) 855 (2.3)

Not reported 93 (0.5) 115 (0.6) 208 (0.6)

Hispanic or Latinx 5,266 (27.9) 5,277 (28.0) 10,543 (28.0)

Country — no. (%)

Argentina 2,883 (15.3) 2,881 (15.3) 5,764 (15.3)

Brazil 1,145 (6.1) 1,139 (6.0) 2,284 (6.1)

South Africa 372 (2.0) 372 (2.0) 744 (2.0)

United States 14,460 (76.7) 14,454 (76.7) 28,914 (76.7)

Age group — no. (%)

16–55 yr 10,889 (57.7) 10,896 (57.8) 21,785 (57.8)

>55 yr 7,971 (42.3) 7,950 (42.2) 15,921 (42.2)

Age at vaccination — yr

Median 52.0 52.0 52.0

Range 16–89 16–91 16–91

Body-mass index‡

≥30.0: obese 6,556 (34.8) 6,662 (35.3) 13,218 (35.1)

*  Percentages may not total 100 because of rounding.
†  Race or ethnic group was reported by the participants.
‡  The body-mass index is the weight in kilograms divided by the square of the height in meters.
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43,448 participants received injections: 21,720 
received BNT162b2 and 21,728 received placebo 
(Fig. 1). At the data cut-off date of October 9, a 
total of 37,706 participants had a median of at 
least 2 months of safety data available after the 
second dose and contributed to the main safety 
data set. Among these 37,706 participants, 49% 
were female, 83% were White, 9% were Black or 
African American, 28% were Hispanic or Latinx, 
35% were obese (body mass index [the weight in 
kilograms divided by the square of the height in 
meters] of at least 30.0), and 21% had at least 
one coexisting condition. The median age was 
52 years, and 42% of participants were older 
than 55 years of age (Table 1 and Table S2).

Safety
Local Reactogenicity

The reactogenicity subset included 8183 partici-
pants. Overall, BNT162b2 recipients reported more 
local reactions than placebo recipients. Among 
BNT162b2 recipients, mild-to-moderate pain at 
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Figure 2. Local and Systemic Reactions Reported  
within 7 Days after Injection of BNT162b2 or Placebo, 
According to Age Group.

Data on local and systemic reactions and use of medi-
cation were collected with electronic diaries from par-
ticipants in the reactogenicity subset (8,183 partici-
pants) for 7 days after each vaccination. Solicited 
injection-site (local) reactions are shown in Panel A. 
Pain at the injection site was assessed according to 
the following scale: mild, does not interfere with activ-
ity; moderate, interferes with activity; severe, prevents 
daily activity; and grade 4, emergency department visit 
or hospitalization. Redness and swelling were mea-
sured according to the following scale: mild, 2.0 to  
5.0 cm in diameter; moderate, >5.0 to 10.0 cm in di-
ameter; severe, >10.0 cm in diameter; and grade 4,  
necrosis or exfoliative dermatitis (for redness) and ne-
crosis (for swelling). Systemic events and medication 
use are shown in Panel B. Fever categories are desig-
nated in the key; medication use was not graded. Ad-
ditional scales were as follows: fatigue, headache, 
chills, new or worsened muscle pain, new or worsened 
joint pain (mild: does not interfere with activity; mod-
erate: some interference with activity; or severe: pre-
vents daily activity), vomiting (mild: 1 to 2 times in  
24 hours; moderate: >2 times in 24 hours; or severe: 
requires intravenous hydration), and diarrhea (mild:  
2 to 3 loose stools in 24 hours; moderate: 4 to 5 loose 
stools in 24 hours; or severe: 6 or more loose stools in 
24 hours); grade 4 for all events indicated an emer-
gency department visit or hospitalization. I bars repre-
sent 95% confidence intervals, and numbers above 
the I bars are the percentage of participants who re-
ported the specified reaction.
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the injection site within 7 days after an injection 
was the most commonly reported local reaction, 
with less than 1% of participants across all age 
groups reporting severe pain (Fig. 2). Pain was 
reported less frequently among participants old-
er than 55 years of age (71% reported pain after 
the first dose; 66% after the second dose) than 
among younger participants (83% after the first 
dose; 78% after the second dose). A noticeably 
lower percentage of participants reported injec-
tion-site redness or swelling. The proportion of 
participants reporting local reactions did not 
increase after the second dose (Fig. 2A), and no 
participant reported a grade 4 local reaction. In 
general, local reactions were mostly mild-to-mod-
erate in severity and resolved within 1 to 2 days.

Systemic Reactogenicity
Systemic events were reported more often by 
younger vaccine recipients (16 to 55 years of age) 
than by older vaccine recipients (more than 55 
years of age) in the reactogenicity subset and 
more often after dose 2 than dose 1 (Fig. 2B). 
The most commonly reported systemic events 
were fatigue and headache (59% and 52%, re-
spectively, after the second dose, among younger 
vaccine recipients; 51% and 39% among older 
recipients), although fatigue and headache were 
also reported by many placebo recipients (23% and 
24%, respectively, after the second dose, among 
younger vaccine recipients; 17% and 14% among 
older recipients). The frequency of any severe 
systemic event after the first dose was 0.9% or 
less. Severe systemic events were reported in less 
than 2% of vaccine recipients after either dose, 
except for fatigue (in 3.8%) and headache (in 2.0%) 
after the second dose.

Fever (temperature, ≥38°C) was reported after 
the second dose by 16% of younger vaccine re-
cipients and by 11% of older recipients. Only 0.2% 
of vaccine recipients and 0.1% of placebo recipi-
ents reported fever (temperature, 38.9 to 40°C) af-
ter the first dose, as compared with 0.8% and 
0.1%, respectively, after the second dose. Two 
participants each in the vaccine and placebo 
groups reported temperatures above 40.0°C. 
Younger vaccine recipients were more likely to 
use antipyretic or pain medication (28% after 
dose 1; 45% after dose 2) than older vaccine re-
cipients (20% after dose 1; 38% after dose 2), 
and placebo recipients were less likely (10 to 14%) 

than vaccine recipients to use the medications, 
regardless of age or dose. Systemic events in-
cluding fever and chills were observed within the 
first 1 to 2 days after vaccination and resolved 
shortly thereafter.

Daily use of the electronic diary ranged from 
90 to 93% for each day after the first dose and 
from 75 to 83% for each day after the second 
dose. No difference was noted between the 
BNT162b2 group and the placebo group.

Adverse Events

Adverse event analyses are provided for all en-
rolled 43,252 participants, with variable follow-
up time after dose 1 (Table S3). More BNT162b2 
recipients than placebo recipients reported any 
adverse event (27% and 12%, respectively) or a 
related adverse event (21% and 5%). This distri-
bution largely reflects the inclusion of transient 
reactogenicity events, which were reported as 
adverse events more commonly by vaccine recipi-
ents than by placebo recipients. Sixty-four vac-
cine recipients (0.3%) and 6 placebo recipients 
(<0.1%) reported lymphadenopathy. Few partici-
pants in either group had severe adverse events, 
serious adverse events, or adverse events leading 
to withdrawal from the trial. Four related serious 
adverse events were reported among BNT162b2 
recipients (shoulder injury related to vaccine ad-
ministration, right axillary lymphadenopathy, 
paroxysmal ventricular arrhythmia, and right leg 
paresthesia). Two BNT162b2 recipients died (one 
from arteriosclerosis, one from cardiac arrest), 
as did four placebo recipients (two from unknown 
causes, one from hemorrhagic stroke, and one 
from myocardial infarction). No deaths were con-
sidered by the investigators to be related to the 
vaccine or placebo. No Covid-19–associated deaths 
were observed. No stopping rules were met dur-
ing the reporting period. Safety monitoring will 
continue for 2 years after administration of the 
second dose of vaccine.

Efficacy

Among 36,523 participants who had no evidence 
of existing or prior SARS-CoV-2 infection, 8 cases 
of Covid-19 with onset at least 7 days after the 
second dose were observed among vaccine re-
cipients and 162 among placebo recipients. This 
case split corresponds to 95.0% vaccine efficacy 
(95% confidence interval [CI], 90.3 to 97.6; Ta-
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ble 2). Among participants with and those with-
out evidence of prior SARS CoV-2 infection, 9 cases 
of Covid-19 at least 7 days after the second dose 
were observed among vaccine recipients and 169 
among placebo recipients, corresponding to 94.6% 
vaccine efficacy (95% CI, 89.9 to 97.3). Supple-
mental analyses indicated that vaccine efficacy 
among subgroups defined by age, sex, race, eth-
nicity, obesity, and presence of a coexisting condi-
tion was generally consistent with that observed 
in the overall population (Table 3 and Table S4). 
Vaccine efficacy among participants with hyper-
tension was analyzed separately but was consis-
tent with the other subgroup analyses (vaccine 
efficacy, 94.6%; 95% CI, 68.7 to 99.9; case split: 
BNT162b2, 2 cases; placebo, 44 cases). Figure 3 
shows cases of Covid-19 or severe Covid-19 with 
onset at any time after the first dose (mITT popu-
lation) (additional data on severe Covid-19 are 
available in Table S5). Between the first dose and 
the second dose, 39 cases in the BNT162b2 group 
and 82 cases in the placebo group were observed, 
resulting in a vaccine efficacy of 52% (95% CI, 
29.5 to 68.4) during this interval and indicating 
early protection by the vaccine, starting as soon 
as 12 days after the first dose.

Discussion

A two-dose regimen of BNT162b2 (30 μg per 
dose, given 21 days apart) was found to be safe 
and 95% effective against Covid-19. The vaccine 
met both primary efficacy end points, with more 
than a 99.99% probability of a true vaccine ef-
ficacy greater than 30%. These results met our 
prespecified success criteria, which were to es-
tablish a probability above 98.6% of true vaccine 
efficacy being greater than 30%, and greatly 
exceeded the minimum FDA criteria for authori-
zation.9 Although the study was not powered to 
definitively assess efficacy by subgroup, the 
point estimates of efficacy for subgroups based 
on age, sex, race, ethnicity, body-mass index, or 
the presence of an underlying condition associ-
ated with a high risk of Covid-19 complications 
are also high. For all analyzed subgroups in 
which more than 10 cases of Covid-19 occurred, 
the lower limit of the 95% confidence interval 
for efficacy was more than 30%.

The cumulative incidence of Covid-19 cases 
over time among placebo and vaccine recipients 
begins to diverge by 12 days after the first dose, 
7 days after the estimated median viral incuba-

Table 2. Vaccine Efficacy against Covid-19 at Least 7 days after the Second Dose.*

Efficacy End Point BNT162b2 Placebo

Vaccine Efficacy, %  
(95% Credible 

Interval)‡

Posterior  
Probability 

(Vaccine Efficacy 
>30%)§

No. of 
Cases

Surveillance 
Time (n)†

No. of 
Cases

Surveillance 
Time (n)†

(N=18,198) (N=18,325)

Covid-19 occurrence at least  
7 days after the second 
dose in participants with-
out evidence of infection

8 2.214 (17,411) 162 2.222 (17,511) 95.0 (90.3–97.6) >0.9999

(N=19,965) (N=20,172)

Covid-19 occurrence at least  
7 days after the second 
dose in participants with 
and those without evidence 
of infection

9 2.332 (18,559) 169 2.345 (18,708) 94.6 (89.9–97.3) >0.9999

*  The total population without baseline infection was 36,523; total population including those with and those without prior evidence of infec-
tion was 40,137.

†  The surveillance time is the total time in 1000 person-years for the given end point across all participants within each group at risk for the 
end point. The time period for Covid-19 case accrual is from 7 days after the second dose to the end of the surveillance period.

‡  The credible interval for vaccine efficacy was calculated with the use of a beta-binomial model with prior beta (0.700102, 1) adjusted for the 
surveillance time.

§  Posterior probability was calculated with the use of a beta-binomial model with prior beta (0.700102, 1) adjusted for the surveillance time.
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tion period of 5 days,10 indicating the early onset 
of a partially protective effect of immunization. 
The study was not designed to assess the efficacy 
of a single-dose regimen. Nevertheless, in the 
interval between the first and second doses, the 
observed vaccine efficacy against Covid-19 was 
52%, and in the first 7 days after dose 2, it was 
91%, reaching full efficacy against disease with 
onset at least 7 days after dose 2. Of the 10 cases 
of severe Covid-19 that were observed after the 
first dose, only 1 occurred in the vaccine group. 
This finding is consistent with overall high ef-
ficacy against all Covid-19 cases. The severe case 
split provides preliminary evidence of vaccine-
mediated protection against severe disease, al-
leviating many of the theoretical concerns over 
vaccine-mediated disease enhancement.11

The favorable safety profile observed during 
phase 1 testing of BNT162b24,8 was confirmed in 
the phase 2/3 portion of the trial. As in phase 1, 
reactogenicity was generally mild or moderate, 
and reactions were less common and milder in 
older adults than in younger adults. Systemic 
reactogenicity was more common and severe 
after the second dose than after the first dose, 
although local reactogenicity was similar after 
the two doses. Severe fatigue was observed in 
approximately 4% of BNT162b2 recipients, 
which is higher than that observed in recipients 
of some vaccines recommended for older adults.12 
This rate of severe fatigue is also lower than that 
observed in recipients of another approved viral 
vaccine for older adults.13 Overall, reactogenicity 
events were transient and resolved within a couple 

Table 3. Vaccine Efficacy Overall and by Subgroup in Participants without Evidence of Infection before 7 Days after Dose 2.

Efficacy End-Point 
 Subgroup

BNT162b2 
(N=18,198)

Placebo 
(N=18,325)

Vaccine Efficacy, % 
 (95% CI)†

No. of  
Cases

Surveillance 
Time  

(No. at Risk)*
No. of  
Cases

Surveillance 
Time  

(No. at Risk)*

Overall 8 2.214 (17,411) 162 2.222 (17,511) 95.0 (90.0–97.9)

Age group

16 to 55 yr 5 1.234 (9,897) 114 1.239 (9,955) 95.6 (89.4–98.6)

>55 yr 3 0.980 (7,500) 48 0.983 (7,543) 93.7 (80.6–98.8)

≥65 yr 1 0.508 (3,848) 19 0.511 (3,880) 94.7 (66.7–99.9)

≥75 yr 0 0.102 (774) 5 0.106 (785) 100.0 (−13.1–100.0)

Sex

Male 3 1.124 (8,875) 81 1.108 (8762) 96.4 (88.9–99.3)

Female 5 1.090 (8,536) 81 1.114 (8,749) 93.7 (84.7–98.0)

Race or ethnic group‡

White 7 1.889 (14,504) 146 1.903 (14,670) 95.2 (89.8–98.1)

Black or African American 0 0.165 (1,502) 7 0.164 (1,486) 100.0 (31.2–100.0)

All others 1 0.160 (1,405) 9 0.155 (1,355) 89.3 (22.6–99.8)

Hispanic or Latinx 3 0.605 (4,764) 53 0.600 (4,746) 94.4 (82.7–98.9)

Non-Hispanic, non-Latinx 5 1.596 (12,548) 109 1.608 (12,661) 95.4 (88.9–98.5)

Country

Argentina 1 0.351 (2,545) 35 0.346 (2,521) 97.2 (83.3–99.9)

Brazil 1 0.119 (1,129) 8 0.117 (1,121) 87.7 (8.1–99.7)

United States 6 1.732 (13,359) 119 1.747 (13,506) 94.9 (88.6–98.2)

*  Surveillance time is the total time in 1000 person-years for the given end point across all participants within each group at risk for the end 
point. The time period for Covid-19 case accrual is from 7 days after the second dose to the end of the surveillance period.

†  The confidence interval (CI) for vaccine efficacy is derived according to the Clopper–Pearson method, adjusted for surveillance time.
‡  Race or ethnic group was reported by the participants. “All others” included the following categories: American Indian or Alaska Native, 

Asian, Native Hawaiian or other Pacific Islander, multiracial, and not reported.
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of days after onset. Lymphadenopathy, which 
generally resolved within 10 days, is likely to 
have resulted from a robust vaccine-elicited im-
mune response. The incidence of serious adverse 
events was similar in the vaccine and placebo 
groups (0.6% and 0.5%, respectively).

This trial and its preliminary report have 
several limitations. With approximately 19,000 
participants per group in the subset of partici-

pants with a median follow-up time of 2 months 
after the second dose, the study has more than 
83% probability of detecting at least one adverse 
event, if the true incidence is 0.01%, but it is not 
large enough to detect less common adverse events 
reliably. This report includes 2 months of follow-
up after the second dose of vaccine for half the 
trial participants and up to 14 weeks’ maximum 
follow-up for a smaller subset. Therefore, both 

Figure 3. Efficacy of BNT162b2 against Covid-19 after the First Dose.

Shown is the cumulative incidence of Covid-19 after the first dose (modified intention-to-treat population). Each 
symbol represents Covid-19 cases starting on a given day; filled symbols represent severe Covid-19 cases. Some 
symbols represent more than one case, owing to overlapping dates. The inset shows the same data on an enlarged  
y axis, through 21 days. Surveillance time is the total time in 1000 person-years for the given end point across all 
participants within each group at risk for the end point. The time period for Covid-19 case accrual is from the first 
dose to the end of the surveillance period. The confidence interval (CI) for vaccine efficacy (VE) is derived accord-
ing to the Clopper–Pearson method.

C
um

ul
at

iv
e 

In
ci

de
nc

e 
(%

)
2.4

1.6

2.0

1.2

0.8

0.4

0.0
0 119112105989184777063564228 493521147

Days after Dose 1

BNT162b2, 30 µg (N=21,669)Efficacy End-Point Subgroup Placebo (N=21,686) VE (95% CI)

BNT162b2

Placebo

percentperson-yr (no. at risk)

Covid-19 occurrence
After dose 1
After dose 1 to before dose 2
Dose 2 to 7 days after dose 2
≥7 Days after dose 2

50
39
2
9

275
82
21

172

Surveillance timeNo. of participants

4.015 (21,314)

person-yr (no. at risk)
Surveillance timeNo. of participants

3.982 (21,258) 82.0 (75.6–86.9)
52.4 (29.5–68.4)
90.5 (61.0–98.9)
94.8 (89.8–97.6)

0.5

0.4

0.3

0.2

0.1

0.0

0 1812 2115963



n engl j med   nejm.org 12

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

the occurrence of adverse events more than 2 to 
3.5 months after the second dose and more 
comprehensive information on the duration of 
protection remain to be determined. Although 
the study was designed to follow participants for 
safety and efficacy for 2 years after the second 
dose, given the high vaccine efficacy, ethical and 
practical barriers prevent following placebo re-
cipients for 2 years without offering active im-
munization, once the vaccine is approved by 
regulators and recommended by public health 
authorities. Assessment of long-term safety and 
efficacy for this vaccine will occur, but it cannot 
be in the context of maintaining a placebo group 
for the planned follow-up period of 2 years after 
the second dose. These data do not address 
whether vaccination prevents asymptomatic in-
fection; a serologic end point that can detect a 
history of infection regardless of whether symp-
toms were present (SARS-CoV-2 N-binding anti-
body) will be reported later. Furthermore, given 
the high vaccine efficacy and the low number of 
vaccine breakthrough cases, potential establish-
ment of a correlate of protection has not been 
feasible at the time of this report.

This report does not address the prevention 
of Covid-19 in other populations, such as young-
er adolescents, children, and pregnant women. 
Safety and immune response data from this trial 
after immunization of adolescents 12 to 15 years 
of age will be reported subsequently, and addi-
tional studies are planned to evaluate BNT162b2 
in pregnant women, children younger than 12 
years, and those in special risk groups, such as 
immunocompromised persons. Although the 
vaccine can be stored for up to 5 days at stan-
dard refrigerator temperatures once ready for use, 
very cold temperatures are required for shipping 
and longer storage. The current cold storage re-
quirement may be alleviated by ongoing stability 
studies and formulation optimization, which 
may also be described in subsequent reports.

The data presented in this report have sig-
nificance beyond the performance of this vac-
cine candidate. The results demonstrate that 
Covid-19 can be prevented by immunization, 
provide proof of concept that RNA-based vac-
cines are a promising new approach for protect-
ing humans against infectious diseases, and 
demonstrate the speed with which an RNA-
based vaccine can be developed with a sufficient 

investment of resources. The development of 
BNT162b2 was initiated on January 10, 2020, 
when the SARS-CoV-2 genetic sequence was re-
leased by the Chinese Center for Disease Control 
and Prevention and disseminated globally by the 
GISAID (Global Initiative on Sharing All Influ-
enza Data) initiative. This rigorous demonstration 
of safety and efficacy less than 11 months later 
provides a practical demonstration that RNA-based 
vaccines, which require only viral genetic sequence 
information to initiate development, are a major 
new tool to combat pandemics and other infec-
tious disease outbreaks. The continuous phase 
1/2/3 trial design may provide a model to reduce 
the protracted development timelines that have 
delayed the availability of vaccines against other 
infectious diseases of medical importance. In 
the context of the current, still expanding pan-
demic, the BNT162b2 vaccine, if approved, can 
contribute, together with other public health mea-
sures, to reducing the devastating loss of health, 
life, and economic and social well-being that has 
resulted from the global spread of Covid-19.
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3. 国际同行盛赞得益于中国疾控中心在 GISAID 平台上传新冠病毒序列，全球得以
迅速开展疫苗、检测试剂的开发。 
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Abstract: The diagnosis of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection globally has
relied extensively on molecular testing, contributing
vitally to case identification, isolation, contact tracing, and
rationalization of infection control measures during the
coronavirus disease 2019 (COVID-19) pandemic. Clinical
laboratories have thus needed to verify newly developed
molecular tests and increase testing capacity at an un-
precedented rate. As the COVID-19 pandemic continues to
pose a global health threat, laboratories continue to
encounter challenges in the selection, verification, and
interpretation of these tests. This document by the Inter-
national Federation for Clinical Chemistry and Laboratory
Medicine (IFCC) Task Force on COVID-19 provides interim
guidance on: (A) clinical indications and target pop-
ulations, (B) assay selection, (C) assay verification, and
(D) test interpretation and limitations for molecular testing
of SARS-CoV-2 infection. These evidence-based recom-
mendations will provide practical guidance to clinical
laboratories worldwide and highlight the continued
importance of laboratory medicine in our collective
pandemic response.

Keywords: COVID-19; molecular testing; SARS-CoV-2;
virology.

Introduction

Molecular testing for diagnosing acute severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) infection
has played an essential role in case identification, isola-
tion, contact tracing, and rationalization of infection
control measures during the coronavirus disease 2019
(COVID-19) pandemic. Since the first SARS-CoV-2 genetic
sequence was uploaded to the Global Initiative on
Sharing All Influenza Data (GISAID) platform on January
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10, 2020, diagnostic companies and manufacturers have
rapidly developed nucleic acid amplification tests
(NAATs), mostly reverse-transcription polymerase chain
reaction (RT-PCR)-based molecular tests to detect
SARS-CoV-2 RNA in various clinical specimens, most
notably nasopharyngeal and/or oropharyngeal swabs.
The development of these molecular assays has been of
paramount importance to our collective pandemic
response, guiding patient care and public health de-
cisions globally [1].

This document by the IFCC Task Force on COVID-19
provides interim guidance on: (A) clinical indications and
target populations, (B) assay selection, (C) assay verifica-
tion, and (D) test interpretation and limitations for molec-
ular testing of SARS-CoV-2 infection. It is aimed to assist
laboratories in selecting, validating, and implementing
regulatory approved molecular assays.

Taskforce recommendations –
molecular assays

A Clinical indications and target population

[A1] Key clinical indications for molecular testing of
SARS-CoV-2 infection

Molecular tests can be broadly defined as NAATs for
identification of viral RNA in various specimens [1].
Throughout the COVID-19 pandemic, the testing strategies
for molecular testing of SARS-CoV-2 infection have varied
by region and over time, depending on accessibility and
epidemiological concerns. Key clinical indications are
provided below.

Recommendation [A1]: Key clinical indications for
molecular testing of SARS-CoV-2 infection.
The following indications should be regarded as
supported by current evidence and of clinical value:
– To diagnose viral infection in the acute phaseof symptomatic

illness (0–<14 days).
– To assist in clinical assessment of asymptomatic,

pre-symptomatic or mildly symptomatic patients with known
exposure to positive COVID-19 cases.

– To assist in screening of asymptomatic, pre-symptomatic
or mildly symptomatic individuals in various contexts,
including but not limited to: prior to scheduled surgery or
delivery, travel, hospital discharge, return to work/school
and to manage small outbreaks (retesting should be
considered).

[A2] Populations that should be prioritized for
molecular testing

Test accessibility has been an issue worldwide. Inadequate
access to testing has resulted in prioritization strategies at
the public health level. Key populations that should be
prioritized for molecular testing of SARS-CoV-2 infections
are described below.

Recommendation [A2]: Populations that should be
prioritized for molecular testing.
– Patients with acute respiratory illness (fever and at least one

sign/symptom of respiratory disease, e.g. cough, shortness
of breath) and all individuals having been in contact with a
confirmed or probable COVID-19 case in the last 14 days (in
resource limiting settings) [2].

– Higher risk groups and settings, including the elderly and
patients with pre-existing conditions (e.g. cardiovascular
disease, diabetes, cancer, hypertension, etc.).

B Assay selection

Assay selection is a crucial step in SARS-CoV-2 molecular
assay implementation that will likely depend on which
commercially available assays are accessible to the clinical
laboratory and complementary to their current instru-
mentation. To assist clinical laboratories with selection,
potential variables for consideration are provided below. It
is critical that laboratories consider the importance of
balancing the desired clinical performance to meet the
intended use of the assay.

[B1] Importance of assay methodology (Lab-based vs.
POCT)

NAATs are currently the gold standard for diagnosing
suspected SARS-CoV-2 infections [1]. RT-PCR is the most
common type of NAAT applied in authorized molecular
assays and is used by both the Centres for Disease Control
and Prevention (CDC)-developed assay and the World
Health Organization (WHO)-endorsed assays [1–3].
Isothermal nucleic acid amplification such as reverse
transcription loop-mediated isothermal amplification,
transcription-mediated amplification, and CRISPR (Clus-
tered Regularly Interspaced Short Palindromic Repeats)-
based assays represent the second most common type of
NAAT [1]. However, very few authorized assays are
currently based on this principle. Due to the time-
consuming nature of RT-PCR testing, there is increasing
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interest in rapid diagnostic tests (e.g. without RNA
extraction and purification), that can be used at the point-
of-care (POC), particularly for assessment of ambulatory
patients or when urgent triage is needed. Laboratory-based
assays outnumber currently available point-of-care testing
(POCT) assays by far and there is concern regarding the
diagnostic sensitivity and specificity of POC testing assays
[4]. The diminished diagnostic performance of POC tests is
mostly attributable to the fact that these assays differ in
their molecular targets and especially in their relative limit
of detection of the gene target [5–9].

Recommendation [B1]: Importance of assay
methodology (Lab-based vs. POCT).
– Clinical laboratories should select an appropriate NAAT-based

assay based on the desired clinical application (screening,
diagnosis, monitoring), keeping in mind that performance of
current POC assays have not been well demonstrated.

[B2] Importance of viral gene target selection

The main gene targets employed by currently available mo-
lecular assays todetect SARS-CoV-2 include thenucleocapsid
(N), envelope (E), spike (S), RNA-dependent RNApolymerase
(RdRP) and open reading frame 1ab (ORF1ab) genes. Global
Institutions from various countries select different gene tar-
gets for SARS-CoV-2 molecular testing, including: China
(ORF1ab and N genes), Germany (RdRP, E and N genes),
United States (three targets inN gene), France (two targets in
RdRP), Thailand (N gene), and Japan (pancorona and mul-
tiple targets, spike protein) [10]. Some publications have
compared the analytical and clinical performance of molec-
ular assays targeting different SARS-CoV-2 genes, demon-
strating inconclusive findings [10–12]. In assay selection, the
gene targets and primers used by manufacturers should be
reviewed to ensure they considered robustness to at least the
most commonmutant strains [13], and are targeted to highly
conserved regions. In addition to gene target specificity, lack
of harmonization between primer and probe sets limits
robust comparison of assay sensitivity between different
platforms, and also jeopardizes patient management when
longitudinal monitoring is carried out in different labora-
tories, using different methods.

Recommendation [B2]: Importance of viral gene
target selection.
– There is currently insufficient evidence to suggest a defini-

tive advantage of selecting an assay based on a specific
SARS-CoV-2 gene target (i.e.N, E, R, RdRp, orORF1ab genes).

– Assays for molecular diagnosis should employ a minimum of
twogene targets tominimize the risk of falsenegatives [30, 35].

[B3] Importance of specimen type in test performance

SARS-CoV-2 viral RNA has been detected in nasopha-
ryngeal swabs, oropharyngeal swabs, throat swabs,
sputum, bronchoalveolar lavage fluid, whole blood,
serum, stool, urine, saliva, rectal swabs, conjunctival
swabs, as well as in some tissues [10]. The WHO recom-
mends that, at minimum, upper respiratory specimens
(nasopharyngeal and oropharyngeal swabs in ambula-
tory patients) and/or lower respiratory specimens
(sputum (if produced) and/or endotracheal aspirate or
bronchoalveolar lavage in patients with more severe
respiratory disease) should be collected for molecular
testing [2]. Importantly, between 20 and 30% false nega-
tive results may occur when using upper respiratory tract
specimens, and this is potentially due to issues with
sample collection [14]. Thus, lower respiratory specimens
are desired for molecular testing, but may not be clini-
cally realistic. On the other hand, disappearance of
SARS-CoV-2 from the upper respiratory tract, but shed-
ding of infected cells or viral material (e.g. RNA frag-
ments) from the lower respiratory tract may cause a
certain number of positive test results not necessarily
correlating to active viral replication and viable virus,
which could be misleadingly interpreted as reinfections
[15]. Nonetheless, not all manufacturers have validated
lower respiratory tract and alternate specimens.

Recently, saliva has been proposed as reliable spec-
imen for SARS-CoV-2 viral detection [16]. Saliva may be
particularly recommended in patients or subjectswhohave
tuberculosis in order to prevent cross infection. However,
further research in larger patient cohorts is necessary
before this sample type can be broadly applied. In addi-
tion, the prospect of self-collection has been proposed to
improve test accessibility. There are various pre-analytical
issues with self-collection and thus results should be
interpreted with caution [17, 18].

Sample pooling is another emergent issue in COVID-19
diagnostics. This concept refers to the practice of pooling a
variable number of clinical specimens (typically between 5
and 30 nasopharyngeal swabs), which will then be tested
altogether [19]. When the pool tests positive, the individual
samples are then assayed separately to identify that/those
which generated the positivity of the pool. There are some
critical issues in adopting this strategy, which can be
summarized as follows: (i) sample pooling shall only be
used for SARS-CoV-2 screening in low resource or low
prevalence (i.e. <5%, preferably <1%) environments, but
not for diagnosing a suspected infection in an individual;
(ii) the number of clinical specimens in the pool shall be
decided according to the analytical sensitivity of the
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method and likelihood of positive results; (iii) the presence
of interfering substances (e.g. anti-retroviral therapy)
should be accurately ruled out (if possible); and (iv) orig-
inal sample traceability shall be ensured throughout the
total testing process. Pool testing requires robust sample
handling, sample labelling and result tracking. These steps
are to be well documented, particularly in instances where
the pooled samples need to be ‘unbundled’ for individual
identification.

Recommendation [B3]: Importance of specimen
type in test performance.
– The acceptable specimen type for molecular testing should

follow manufacturers’ recommendations.
– At minimum, an upper respiratory tract specimen should be

collected for molecular testing of SARS-CoV-2 infection.
– Additional evidence is needed to support the use of saliva as

a sample type for molecular testing of SARS-CoV-2 infection.
– Self-collection kits are not recommended unless there is

appropriate instruction or patient education. Results should
always be interpreted with caution.

– Pooling specimens should only be used in low prevalence
(<5%, preferably <1%) or low resource settings after appro-
priate validation.

C Verification of regulatory-approved
assays

Verification of a laboratory assay is a procedure that pro-
vides objective evidence that the performance character-
istics of a test fulfil specified requirements, while
validation confirms whether the performance characteris-
tics of the test are adequate for the intended use. The
following recommendations are meant to provide general
guidance to clinical laboratories on method verification
carried out prior to clinical testing for assays that have
regulatory approval. This guidance is not meant for vali-
dation of laboratory developed tests or for validation of
new tests bymanufacturers. Individual laboratories should
consider local resource availability, as well as regulatory
and accreditation requirements, which may differ from
those stated below, and modify their evaluation plans
accordingly. During evaluation, the selected assay should
be assessed by verifying whether the assay meets the
manufacturer’s claim andwhether it meets the laboratory’s
set requirements based on assay use. Ideally, the assay
should be evaluated in two parts:
(1) Evaluation of analytical performance in the context the

assay will be used.

(2) Evaluation of clinical performance in the context the
assay will be used.

[C1] Specifications for analytical performance
verification of molecular tests for SARS-CoV-2

It is desirable to verify the performance of the testing
system on all sample matrices that will be encountered
during routine testing. It is anticipated that some labo-
ratorieswill not have direct access to the samples required
for evaluation. This access may be overcome by close
collaboration with peers, or with a reference laboratory.
All samples used in the evaluation should be stored in
conditions that ensure high stability and should be thor-
oughly homogenised prior to testing. An example
analytical assay evaluation protocol is provided in Table 1
for regulatory approved molecular tests for SARS-CoV-2
infection.

Participation in a recognised Quality Assurance
Program (QAP) for SARS-CoV-2 molecular testing is also
essential [20]. Further, inclusion of a positive quantita-
tive control in each reaction is highly recommended. This
step allows continuous monitoring of assay reproduc-
ibility, estimation of individual sample viral load from Ct
values, and early notification of loss of analytical
sensitivity.

Recommendation [C1]: Specifications for analytical
performance verification of molecular tests for
SARS-CoV-2.
– Laboratories should verify the analytical performance claims

of regulatory-approved molecular tests, including the
parameters described in Table 1, before routine use.

– Laboratories should participate in a relevant Quality Assur-
ance Program, where possible.

[C2] Specifications for clinical performance verification
of molecular tests for SARS-CoV-2

The ascertainment of clinical performance is more chal-
lenging as it requires an appropriate ‘reference’ or
comparator method with sufficient analytical and clin-
ical sensitivity and specificity [21]. Comparison of a new
suboptimal assay with established but suboptimal assay
may lead to erroneous conclusions regarding the clinical
performance of the new method. Few publications have
evaluated the clinical performance of RT-PCR assays
using either repeat positive test results in a series of
resampled collections, a ‘gold-standard’ assay result, or
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clinical criteria such as CT imaging as the reference
comparator [11, 22, 23]. Due to the lack of a ‘true’ inde-
pendent gold standard for detecting SARS-CoV-2, some
have proposed the use of a composite reference standard
or the WHO definition of disease that combines clinical
and other test information for diagnosing SARS-CoV-2
infection. Other alternative approaches use contrived
clinical samples for assessing clinical performance.

However, contrived clinical specimens in testing for
SARS-CoV-2 are typically leftover specimens spiked with
RNA or inactivated virus, and thus a poor proxy for
actual clinical specimens [21]. Another concern is that

manufacturer package inserts often include a claim of

clinical performance, but do not provide sufficient in-

formation regarding the population which samples were

sourced from. These limitations are important to

Table : Analytical parameters recommended for clinical laboratories when verifying a regulatory approved commercial SARS-CoV-
molecular assay (adapted/modified from [, ]). Acceptability criteria are suggestions only and should be modified depending on
laboratory standards.

Consideration Element Quantitative assay

Limit of detection
(LoD)

Design Not required for use of EUAmolecular assays. However, it is recommended that LoD be assessed, when
possible. Prepare  samples in the range of the claimed LoD and measure – replicates over  days.

Evaluation Employ probit regression analysis to establish concentration at which %of samples return a positive
result. Alternately, determine the concentration at which ≥% of samples return a positive result.

Acceptability ≥% of samples near the LoD return a positive result.
Reportable range Design Prepare – concentrations across stated linear range, measure – replicates at each concentration.

Evaluation Prepare a scatter (x–y) plot with measure and results on the y axis vs. the expected or known values on
the x axis. Individual data points or mean values can be plotted for each set of replicates. Calculate
slope, intercept, and correlation coefficient of linear regression for the averaged test results. Calculate
observed bias for each sample from the observed mean concentration vs. the predicted concentration
from the regression equation.

Acceptability The observed bias should be smaller than a desired allowable difference (e.g. – times the averaged
claimed analytical imprecision, %CV).

Imprecision Design Prepare positive and negative quality control samples (if they produce quantitative signal/reading),
preferably at concentrations where the imprecision claims were made by the manufacturer and run 

times daily for five days.
Evaluation Calculate mean, SD and CV for repeatability and within-laboratory imprecision of the Ct values and

compare against corresponding manufacturer claims. It may be necessary to employ analysis-of-
variance for the calculation of each imprecision component.

Acceptability The imprecision should fall within manufacturer’s claim, where available.
Accuracy
(trueness)

Design Prepare contrived patient samples by spiking individual negative matrix with commercial viral mate-
rials. If this is not possible, pooled samples should be used. Testing should include a minimum of 
positive samples, including five strong positive and five moderate positive samples. Testing should
also include at least  negative remnant patient specimens. If discordant results are obtained, the
specimen should first be repeated by the test under verification. If the discordance is resolved, addi-
tional training and/or additional specimens may need to be tested to complete the verification. If the
discordance is not resolved, consider testing the specimen by an alternative method, or contact the
manufacturer for additional guidance.

Evaluation Determine the number of discordant results in study sample set.
Acceptability >% concordance. If discordant results are observed, it is suggested to determine the underlying

cause (e.g. contamination, technique, inhibition).
Analytical
specificity

Design Not required for use of EUA molecular assays. However, it is recommended that analytical specificity is
assessed, when possible. Ideally, a panel of all four endemic strains of human coronaviruses should be
assayed aswell as other respiratory pathogens commonly tested in the clinical laboratory. The samples
can be obtained from archived clinical samples, proficiency testing, or commercial pathogen panels.

Evaluation Calculate number of false positives for each species and overall negative percent agreement.
Acceptability No cross-reactivity observed. Overall negative percent agreement should be within the manufacturer’s

claim, when available, and meet the clinical performance requirement set by the lab.

EUA, emergency use authorization.
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consider when verifying manufacturer’s clinical perfor-
mance claims.

Recommendation [C2]: Specifications for clinical
performance verification of molecular tests for
SARS-CoV-2.
– Laboratories should verify the clinical performance claims of

the manufacturers of molecular tests in a representative
local population in which the test is intended to be used.

– When clinical samples (e.g. repeat positives, positives on
‘gold standard’ assays, or clinical criteria) are not available,
contrived specimens should be used as outlined in Table 1.

– Laboratories should follow the STARD guidelines when
designing and reporting clinical performance studies.

D Test interpretation and limitations

[D1] Appropriate test result interpretation for molecular
test results

It is essential that molecular test results for SARS-CoV-2
are interpreted in the context of clinical observations,
including days since symptomonset and epidemiological
background [14]. Current evidence suggests viral RNA
can be detected in symptomatic patients as early as the
first day of symptoms, peaking within the first week of
symptom onset [24, 25]. Positivity is estimated to decline
by week three of symptom onset, subsequently becoming
undetectable with few exceptions (e.g. patients with
prolonged and critical disease, who typically display
longer shedding) [26]. Ultimately, considering the timing
of testing and clinical context is of utmost importance in
interpretation of molecular test results. In addition, pa-
tient selection based on careful clinical or epidemiolog-
ical examination will enrich the pre-test probability and
thereby increase post-test probability for positive results.

Reported characteristics of most molecular assays
suggest high specificity and moderate sensitivity, mini-
mizing the likelihood of false positive results and
increasing confidence in reported positive findings [14].
However, a positive test result does not necessarily
indicate the presence of an actively replicating virus and
thus its ability to transmit to others [24]. It is important to
note that cross-contamination due to handling and
testing of large number of samples in a short period of
time could lead to false positive results. When a false
positive result occurs, it can pose inconveniences to the
patient, including: recommendation for isolation,

limiting contact with family members, delaying ability to
return to work, inappropriate treatment, etc. [27].

A negative test result should be interpreted with an
understanding of pre-test probability (i.e. local prevalence
of SARS-CoV-2 infection, exposure history, and symptoms)
and test sensitivity [28]. The potential for false negative
results to occur is estimated to be higher in high prevalence
settings [28], or due to inappropriate timing of sample
collection, insufficient collection by healthcare personnel,
low viral load, presence of PCR inhibitor, preanalytical or
analytical issues [29] or viral mutations [30]. Rates of false
negatives have been shown to vary with time since symp-
tom onset [31], and ranged from 2 to 29% in one systematic
review [32]. Re-testing has been proposed to improve the
post-test probability for negative results [28]. Based on
current evidence, an optimal protocol for sampling and
resampling over time cannot yet be defined.

Recommendation [D2]: Appropriate test result
interpretation for molecular test results.
– Positive test result:

– SARS-CoV-2 RNA has been detected in the
sample and the patient should be considered
presumptively infected.

– Active viral replication and potential for viral
transmission cannot be concluded. Clinical corre-
lation with patient history and other diagnostic
information is necessary to determine patient
infection status.

– SARS-CoV-2 RNA has been detected in the
sample and the patient should be considered
presumptively infected.

– Active viral replication and potential for viral
transmission cannot be concluded. Clinical
correlation with patient history and other diag-
nostic information is necessary to determine
patient infection status.

– Negative test result:
– SARS-CoV-2 RNA was not present in the spec-

imen above the limit of detection of the assay
– SARS-CoV-2 infection cannot be ruled out and this

one test result shouldnot beusedas the solebasis
for patientmanagementdecisions.Negative results
must be combined with clinical observations, pa-
tient history, and epidemiological information.

– Re-testing should be considered if: (i) infection
is still suspected after considering other dif-
ferential diagnoses, (ii) molecular testing is
being used for hospital release [36], or (iii)
analytical inhibition is suspected.

– Indeterminate test result:
– Test result cannot be interpreted, and follow-up

re-testing to yield a determinate result is
recommended.
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Current limitations of molecular testing of SARS-CoV-2
infection

The main limitations of molecular testing in the context of
COVID-19 diagnosis are the possibility of false negative re-
sults due to preanalytical/analytical factors including
delayed testing after symptom onset, low viral load, the
occurrence of false positive results, and the delayed time to
reporting of results (i.e. from sample collection to reported
result) due to limited test capabilities as well as laboratory
resources. The latter can cause patient inconvenience,
especially when being used as a release mechanism for
various activities. All laboratories should recommend isola-
tion for tested individuals carrying high clinical suspicion
(e.g. symptomatic or having had a “strict” contact with
infectedpeople) in theperiodbetween sample collectionand
result release. Persistently detectable viral targets at low
cycle thresholds for several weeks after infection can also
complicate interpretation and may justify serological eval-
uation. Taken together, clinical laboratories should clearly
communicate to clinicians that a negative result does not
rule out SARS-CoV-2 infection.However, a positive test result
can be used to rule in diagnosis when supported by clinical
and/or epidemiological findings.
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GISAID  is  a  global  data  science  initiative  and  the
primary source of genomic and associated metadata of
all influenza viruses, Respiratory Syncytial Virus (RSV)
and  severe  acute  respiratory  syndrome  coronavirus  2
(SARS-CoV-2),  the  pandemic  coronavirus  causing
coronavirus  disease  2019  (COVID-19).  GISAID’s
publicly  accessible  data  sharing  platform  enables
collaboration  of  over  42,000  participating  researchers
from 198 nations and data generators from over 3,500
institutions  across  the  globe.  Since  the  first  whole-
genome sequences were made available by China CDC
through GISAID on January 10, 2020, over 5 million
genetic sequences of SARS-CoV-2 from 194 countries
and  territories  have  been  made  publicly  available
through  GISAID’s  EpiCoV  database  as  of  November
9,  2021.  This  high-quality,  curated  data  enabled  the
rapid  development  of  diagnostic  and  prophylactic
measures  against  SARS-CoV-2  including  the  first
diagnostic  tests  and  the  first  vaccines  to  combat
COVID-19  as  well  as  continuous  monitoring  of
emerging variants in near real-time. 

GISAID’S MISSION AND
BACKGROUND

GISAID was launched in 2008 with the support  of
many  governments  and  in  partnership  with  public
health and scientific institutions, including the Chinese
Academy  of  Sciences,  to  respond  to  an  increased
reluctance  of  countries,  and  scientists  around  the
world, to share their data during disease outbreaks in a
timely manner.

Access  to  the  latest  genomic  data  for  the  highly
pathogenic  avian  influenza  (H5N1)  was  limited,  in
part due to the hesitancy by WHO Member States to
share  their  virus  genomes.  In  addition,  the  scientific
community’s  reticence  to  share  data  pre-publication
(fear of being scooped) delayed sharing. Public-domain
archives offer no protection of data providers’ interests,
nor  provide  transparency  on  the  use  of  data  as  the
access  and  use  of  data  take  place  anonymously.  This
limits the incentive to share data voluntarily.

By introducing a new data sharing mechanism, that
recognizes  the  contributions  and  interests  of  data
providers  and  users  alike,  GISAID  successfully
overcomes the reluctance for data sharing by providing
an  option  to  share  data  with  the  public.  GISAID’s
sharing  mechanism  incentivizes  and  encourages  data
generators  to  make  their  data  publicly  accessible  by
guaranteeing  that  researchers  using  the  data  will
acknowledge the contributions of, and make efforts to
collaborate with, data generators.

The  GISAID  Initiative  is  an  independent,  non-
profit,  public-private  partnership  that  involves  various
governments  with  contributions  from  Brazil,  China,
France,  Germany,  Senegal,  Singapore,  the  United
Kingdom,  and  the  United  States.  Furthermore,
GISAID  receives  grants  from  the  WHO  and  public
donors,  including  the  Rockefeller  Foundation  in
addition  to  donations  from  private  philanthropy.
GISAID  is  an  essential  asset  for  the  Global  Influenza
Surveillance  and  Response  System  (GISRS)  and  for
post-regulatory  quality  control  of  manufacturer  seed
viruses relative to candidate vaccine viruses. 

SARS-CoV-2 DATA SHARING
THROUGH GISAID

Not  long  after  a  previously  unknown  human
coronavirus was detected in late 2019 in patients in the
City of Wuhan, who suffered from respiratory illnesses
including  atypical  pneumonia  (Pneumonia  of
unknown  Etiology,  PUE),  the  human  coronavirus
disease,  later  named  COVID-19,  was  identified  as  a
newly  emerging  viral  respiratory  disease  (1).
Researchers  at  China  CDC looked  to  GISAID for  its
expertise  to  facilitate  the  rapid  sharing  of  the  first
whole  genome  sequences  of  the  earliest  collected
samples,  thus setting in motion an unparalleled global
response. GISAID has gained much experience during
previous,  significant  outbreaks,  including  the  2009
swine influenza pandemic (H1N1) and the 2013 avian
influenza  outbreak  (H7N9)  in  China  (2–3).  Building
over  its  extensive  expertise  in  influenza  data  sharing
and  its  extensive  collaboration  network,  GISAID  was
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well  positioned  to  respond  to  what  amounted  for
GISAID  as  “Disease  X.”  Thanks  to  GISAID’s
longstanding partnership with China CDC, the global
scientific community was able to access whole genomes
within  48  hours  following  the  identification  of  the
pathogen.  Since  then,  the  world  continues  to  witness
an  unprecedented  increase  in  data  submissions  to
GISAID’s  EpiCoV  database.  The  World  Health
Organization’s  (WHO’s)  Chief  Scientist  called
GISAID  a  “game-changer”  (4).  This  high-quality,
curated  initial  set  of  genomes  enabled  the  rapid
development  of  diagnostic  and  prophylactic  measures
against SARS-CoV-2 including the first diagnostic tests
(5) and the first vaccines (6) to combat COVID-19. 

SALIENT FEATURES OF GISAID

Data contributors rely on sharing their genomic data
via  GISAID  because  all  submitted  data  are  reviewed
and  curated  in  real-time  and  annotated  by  a  global
team  of  curators  (7),  prior  to  release.  These  curated
data are enhanced with computed results and delivered
downstream for analyses by countless public health and
research  institutions,  via  customized  data  feeds  using
an Application Programming Interface (API).

GISAID  is  known  for  high-quality  data  standards
and being a driver for innovative technology. GISAID
facilitates  high-throughput  submissions  by  employing
Command  Line  Interface  technology  (CLI)  and  API
interconnectivity  enabling  downstream  analysis  for
public  health  surveillance  as  well  as  research  and
development.  GISAID  also  collaborates  with
developers  and  manufacturers  of  vaccines  and
therapeutics  to  facilitate  the  collection  of  viral  genetic
sequence and metadata from clinical trial specimens. 

SARS-CoV-2 DATA ANALYSES
THROUGH GISAID

GISAID  enables  real-time  monitoring  of  SARS-
CoV-2 genomic data. The submission tracker provides
country-wise  submission  statistics  (Figure 1A).
Tracking the distribution of emerging variants like the
Variant  of  Concern  (VOC)  Delta  (B.1.617.2  and  AY
lineages)  across  the  globe  along  with  estimation  of
country-wise prevalence (Figure 1B) are made possible
via  GISAID.  Other  variants  that  could  become
relevant  are  also  monitored  for  signs  of  increased
spread  estimated  primarily  by  change  in  number  of
locations  and  other  critical  factors.  A  global
phylogenetic  tree  comprising  of  all  high-quality

sequences is available to all GISAID users (Figure 1C).
The CoVsurver tool performs sequence alignments and
annotations  highlighting  phenotypically  or
epidemiologically  interesting  candidate  amino  acid
changes  (Figure 1D)  along  with  3D  structural
mapping.  GISAID’s  high  throughput  data  sharing
provisions  enable  numerous  web  applications  to
facilitate near real-time mutation analysis and genomic
epidemiology.  GISAID issues  analysis  updates  twice  a
week  that  provide  comprehensive  analyses  including
time  course  of  variant  distribution  and  receptor
binding surveillance to ensure that decision makers are
well-informed of the emerging trends in viral spread. 

OTHER PRIORITY PATHOGENS

Since  its  handling  of  the  COVID-19  pandemic,
GISAID  is  considered  uniquely  positioned  to  follow
the  call  by  WHO  Member  States  and  public  health
authorities  to  make  available  its  data  sharing
mechanism to other pathogens. These calls are likely to
result  in  GISAID to  host  other  priority  pathogens  on
its  platform,  i.e.,  those  with  the  potential  of  a
significant  global  outbreak  and  part  of  the  WHO
R&D  Blueprint.  GISAID  may  also  make  its  sharing
mechanism available  to provide access  to existing data
repositories  that  are  currently  not  accessible  to  the
public.  GISAID’s  EpiFlu  database  was  launched  in
May  2008,  its  EpiCoV database  in  January  2020  and
its EpiRSV database in June 2021.

GISAID  continues  to  adhere  to  high  quality
standards  and  offers  a  trusted  framework  for  sharing
data. 

GISAID  Core  Curation  Team:  Yi  Hong  Chew,
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Ni  Xu,  Suma  Tiruvayipati,  Shilpa  Yadahalli,  Lina
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