
COVID-19 vaccine candidates and trials

• Types of vaccine candidates 

• prior success (or not) 

• manufacturing issues 

• Placebo issues  

• Clinical trial design issues due to - 

• end points 

• numbers 

• time windows



DISCLAIMER:  

These landscape documents have been prepared by the World Health Organization (WHO) for information purposes only concerning the 2019-2020 pandemic of the novel coronavirus. Inclusion of any particular product or entity in any of these landscape documents does not constitute, and 
shall not be deemed or construed as, any approval or endorsement by WHO of such product or entity (or any of its businesses or activities).  While WHO takes reasonable steps to verify the accuracy of the information presented in these landscape documents, WHO does not make any (and 
hereby disclaims all) representations and warranties regarding the accuracy, completeness, fitness for a particular purpose (including any of the aforementioned purposes),  quality, safety, efficacy, merchantability and/or non-infringement of any information provided in these landscape 
documents and/or of any of the products referenced therein.  WHO also disclaims any and all liability or responsibility whatsoever for any death, disability, injury, suffering, loss, damage or other prejudice of any kind that may arise from or in connection with the procurement, distribution or 
use of any product included in any of these landscape documents.  

 

DRAFT landscape of COVID-19 candidate vaccines –  
3 November 2020 

 

  

47 candidate vaccines in clinical evaluation 

COVID-19 Vaccine 
developer/manufacturer 

Vaccine platform Type of candidate vaccine 
Number of 
doses 

Timing of doses 
Route of 
Administration 

Clinical Stage 

Phase 1 Phase 1/2 Phase 2 Phase 3 

Sinovac Inactivated Inactivated 2 0,14 days IM   

NCT04383574 

NCT04352608 

NCT04551547 

  

NCT04456595 

669/UN6.KEP/EC/2020 

NCT04582344 

Wuhan Institute of Biological 

Products/Sinopharm 
Inactivated Inactivated 2 0,21 days IM   

ChiCTR2000031809 

Interim Report 
  

ChiCTR2000034780 

ChiCTR2000039000 

Beijing Institute of Biological 

Products/Sinopharm 
Inactivated Inactivated 2 0,21 days IM   

ChiCTR2000032459 

Study Report 
  

ChiCTR2000034780 

NCT04560881 

University of Oxford/AstraZeneca 
Non-Replicating 

Viral Vector 
ChAdOx1-S  2  0,28 days IM   

PACTR202006922165132 

2020-001072-15 

NCT04568031 

Interim Report 

2020-001228-32 

ISRCTN89951424 

NCT04516746 

NCT04540393 

CTRI/2020/08/027170 

CanSino Biological Inc./Beijing Institute 

of Biotechnology 

Non-Replicating 

Viral Vector 
Adenovirus Type 5 Vector 1   IM 

ChiCTR2000030906 

NCT04568811 

Study Report 

  

ChiCTR2000031781 

NCT04566770 

Study Report 

NCT04526990 

NCT04540419 

Gamaleya Research Institute  
Non-Replicating 

Viral Vector 
Adeno-based (rAd26-S+rAd5-S) 2  0,21 days IM  

NCT04436471 

NCT04437875 

Study Report 

NCT04587219 
NCT04530396 

NCT04564716 

Janssen Pharmaceutical Companies 
Non-Replicating 

Viral Vector 
Ad26COVS1 2 0,56 days IM  NCT04436276  NCT04505722 

https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
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Novavax Protein Subunit 
Full length recombinant SARS 
CoV-2 glycoprotein nanoparticle 
vaccine adjuvanted with Matrix M 

2 0,21 days IM   NCT04368988 
Study Report 

 NCT04533399 
(phase 2b) 

2020-004123-16 
NCT04611802 

Moderna/NIAID RNA LNP-encapsulated mRNA 2 0,28 days IM 
NCT04283461 
Interim Report 
Final Report 

 
NCT04405076 

 

NCT04470427 

 

BioNTech/Fosun Pharma/Pfizer RNA 3 LNP-mRNAs 2 0,28 days IM NCT04368728 
Study Report 

2020-001038-36 
ChiCTR2000034825 
NCT04537949 
NCT04588480 
Study Report1 
Study Report2 

 NCT04368728 

Anhui Zhifei Longcom 
Biopharmaceutical/Institute of 
Microbiology, Chinese Academy of 
Sciences 

Protein Subunit Adjuvanted recombinant protein  
(RBD-Dimer) 2 or 3 0,28    or    0,28,56 

days IM NCT04445194  NCT04550351 
 
NCT04466085 
 

  

Curevac RNA mRNA 2 0, 28 days IM NCT04449276    NCT04515147   

Institute of Medical Biology, Chinese 
Academy of Medical Sciences Inactivated Inactivated 2 0, 28 days IM NCT04412538 NCT04470609 

 
    

Research Institute for Biological Safety 
Problems, Rep of Kazakhstan Inactivated Inactivated 2 0, 21 days IM  NCT04530357   

Beijing Minhai Biotechnology Co., Ltd. Inactivated Inactivated 2  IM ChiCTR2000038804 ChiCTR2000039462   

Inovio Pharmaceuticals/ International 
Vaccine Institute DNA DNA plasmid vaccine with 

electroporation  2  0, 28 days ID   NCT04447781 
NCT04336410 
 

    

Osaka University/ AnGes/ Takara Bio DNA DNA plasmid vaccine + Adjuvant 2 0, 14 days IM   NCT04463472 
NCT04527081     

Cadila Healthcare Limited DNA DNA plasmid vaccine  3 0, 28, 56 days ID   CTRI/2020/07/026352     

Genexine Consortium DNA DNA Vaccine (GX-19) 2 0, 28 days IM   NCT04445389     



Vaccine candidates 

- Stages 
- 10 in phase III clinical trials 
- 37 in pre-phase III clinical evaluation 
- 155 in pre-clinical evaluation 

- Routes 
- All 10 in phase III trials are intramuscular injections 
- In the 37 in early clinical evaluation 

- 2 intra-dermal (into skin) injections 
- 1 sub-cutaneous (under skin) injections 
- 2 (and maybe one more) oral, NOT injections 

- Doses 
- 9 in phase III trials need two doses 2-4 weeks apart 
- 1 in phase III trials is one-dose 
- In the 37 in early clinical evaluation - 

- 1 needs three doses (0, 4, 8 weeks) 
- 7 need one dose 
- 30 need two doses, 2-4 weeks apart



Vaccine candidate platforms 

- Infectious virus ('attenuated')  
- None 

- Non-infectious virus ('inactivated') 
- 3 of 10 in phase III trials 
- 4 of 37 in early-stage clinical evaluation 

- Replicating viral carrier 
- None in phase III trials 
- 4 of 37 in early-stage clinical evaluation 

- Non-replicating viral carrier 
- 4 in phase III trials 
- 5 of 37 in early-stage clinical evaluation 

- DNA 
- None in phase III trials 
- 5 of 37 in early-stage clinical evaluation 

- RNA 
- 2 in phase III trials 
- 4 of 37 in early-stage clinical evaluation 

- Protein 
- 1 in phase III trials 
- 15 of 37 in early-stage clinical evaluation



Primary outcome for all trials: 

Number of virologically-confirmed symptomatic COVID-19 cases, 
starting two weeks after second dose of vaccine

Regulatory requirement for 'efficacy': 

50% efficacy, and not less than 30% at lower limit with 95% CI 

This means that 100 cases occurring in control group versus 50 cases in 
test group will be enough 

This will be achieved so soon that: 

- Placebo effects due to 'non-specific' immune activation will need ruling 
out (but no placebo info) 
- Duration of protection will be a huge unknown 
- Immunological protective correlates might be weak



Related issues: 

In some trials, frequency of adverse reactions is measured only in the 
seven days following each immunisation 

In other trials, a one-year adverse event follow-up is a primary outcome, 
but these are mostly uncoupled from efficacy test trials 

Some trials include elderly, some not (no other co-morbidities are targeted) 

Some trials include pre-screening for prior exposure, some not 

Some give placebo information, many not 
(placebos used, alum/adjuvant, other vaccine, normal saline)
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COVID-19 vaccine trials should seek worthwhile efficacy
Three issues are crucial in planning COVID-19 vaccine 
trials: (1) whether to demand not only proof of some 
vaccine efficacy but also proof of worthwhile efficacy; 
(2) whether the initial trials of vaccine against placebo 
should prioritise not only single-vaccine trials but also 
a multivaccine trial; and (3) whether to assess safety, 
protection against severe disease, and duration of 
protection by continuing blinded follow-up of the 
vaccine and placebo groups after definite evidence 
of short-term efficacy has emerged, but before an 
effective vaccine has been deployed locally in the general 
population.

The world needs efficient, speedy, and reliable evalu-
ation of many candidate vaccines against COVID-19. 
There is a danger that political and economic pres-
sures for rapid introduction of a COVID-19 vaccine 
could lead to widespread deployment of a vaccine 
that is in reality only weakly effective (eg, reducing 
COVID-19 incidence by only 10–20%), perhaps 
because of a misleadingly promising result from 
an underpowered trial. Deploy ment of a weakly 
effective vaccine could actually worsen the COVID-19 
pandemic if authorities wrongly assume it causes a 
substantial reduction in risk, or if vaccinated indi-
viduals wrongly believe they are immune, hence 
reducing implementation of, or compliance with, 
other COVID-19 control measures. Deployment of 
a marginally effective vaccine could also interfere 
with the evaluation of other vaccines, as subsequent 
vaccines would then have to be compared with it 
rather than with a placebo. For a vaccine superior to 
the weakly effective vaccine, the increased sample size 
required could delay recognition of its efficacy. More 
importantly, if the weak vaccine is compared against 
an even weaker vaccine, the statistical criteria used to 
analyse non-inferiority trials could well endorse the 

even weaker vaccine as being non-inferior (so-called 
bio-creep).1

The criteria used to define a successful vaccine in the 
initial clinical trials of vaccination versus placebo should 
therefore be strict enough to protect against the risk 
of a weakly effective vaccine being deployed, especially 
since there are already many candidate vaccines against 
COVID-19 to be tested,2 providing many chances to 
overestimate efficacy. Hence, the initial trials comparing 
COVID-19 vaccines versus placebo should seek reliable 
evidence not only of some efficacy but of worthwhile 
efficacy.

WHO recommends that successful vaccines should 
show an estimated risk reduction of at least one-half,3 
with sufficient precision to conclude that the true vac-
cine efficacy is greater than 30%. This means that the 
95% CI for the trial result should exclude efficacy less 
than 30%. Current US Food and Drug Administration 
guidance includes this lower limit of 30% as a 
criterion for vaccine licensure.4 As an example of 
a result that would just satisfy these two criteria, 
an evenly randomised trial with 50 cases arising 
in those vaccinated and 100 cases arising in those 
given placebo would have a 95% CI that just excludes 
30%, but would suggest 50% short-term efficacy. A 
vaccine that has 50% efficacy could appreciably reduce 
incidence of COVID-19 in vaccinated individuals, and 
might provide useful herd immunity. Hence, although 
efficacy far greater than 50% would be better, efficacy 
of about 50% would represent substantial progress.

In comparison with individual trials for each of the 
many different vaccines, a global multivaccine trial 
with a shared control group could provide more rapid 
and reliable results. Additionally, its continuous use 
of established clinical trial infrastructure could save 
time and effort, accelerating the needed discovery of 
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The Lancet Small Vulnerable Newborn Series: science for a 
healthy start

The Lancet 2020 Campaign1 on child and adolescent 
health is a welcome call for a renewed focus on 
children. With less than a decade remaining to achieve 
the UN Sustainable Development Goals (SDGs), the 
campaign is a timely reminder about an unfinished 
agenda, reiterating the centrality of child survival 
and wellbeing in global development. The impacts of 
the COVID-19 pandemic bring more urgency to the 
need for increased attention to children. Although 
COVID-19 is usually mild in children, health-service 
disruptions and other indirect effects of the pandemic 
response are having devastating impacts on the 
wellbeing of pregnant women, children, and other 
vulnerable individuals.2,3 There have, for example, 
been reports of declines in institutional deliveries and 

increases in stillbirths and neonatal deaths during 
the COVID-19 pandemic in some Asian and European 
populations.4,5 

Although deaths in children younger than 5 years 
have declined substantially in the past 30 years, more 
than 5 million children still die every year.6 Almost half 
of these deaths occur during the first month of life, 
which underlines how progress in reducing neonatal 
mortality has been much slower than that for older 
children.6 In some countries, especially in sub-Saharan 
Africa, there have been increases in neonatal deaths 
during the past three decades.6 Less visible, but as 
important for families and society, are an estimated 
2·6 million third-trimester stillbirths each year.7 
About 20 million babies are born each year with low 

hope of bringing forward the time when the world 
will move beyond the widespread disease, death, and 
disruption from the COVID-19 pandemic. The trial costs 
will be a fraction of the societal costs of COVID-19, and 
this global collaboration could rebut detrimental vaccine 
nihilism and vaccine nationalism.
We all participated in writing the protocol for the WHO Solidarity Vaccines Trial 
and declare no other competing interests. This Comment reflects the views of 
the authors and should not be construed to represent the views or policies of 
the US Food and Drug Administration.

© 2020. World Health Organization. Published by Elsevier Ltd/Inc/BV. All rights 
reserved.
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COVID-19 vaccine trials should seek worthwhile efficacy
Three issues are crucial in planning COVID-19 vaccine 
trials: (1) whether to demand not only proof of some 
vaccine efficacy but also proof of worthwhile efficacy; 
(2) whether the initial trials of vaccine against placebo 
should prioritise not only single-vaccine trials but also 
a multivaccine trial; and (3) whether to assess safety, 
protection against severe disease, and duration of 
protection by continuing blinded follow-up of the 
vaccine and placebo groups after definite evidence 
of short-term efficacy has emerged, but before an 
effective vaccine has been deployed locally in the general 
population.

The world needs efficient, speedy, and reliable evalu-
ation of many candidate vaccines against COVID-19. 
There is a danger that political and economic pres-
sures for rapid introduction of a COVID-19 vaccine 
could lead to widespread deployment of a vaccine 
that is in reality only weakly effective (eg, reducing 
COVID-19 incidence by only 10–20%), perhaps 
because of a misleadingly promising result from 
an underpowered trial. Deploy ment of a weakly 
effective vaccine could actually worsen the COVID-19 
pandemic if authorities wrongly assume it causes a 
substantial reduction in risk, or if vaccinated indi-
viduals wrongly believe they are immune, hence 
reducing implementation of, or compliance with, 
other COVID-19 control measures. Deployment of 
a marginally effective vaccine could also interfere 
with the evaluation of other vaccines, as subsequent 
vaccines would then have to be compared with it 
rather than with a placebo. For a vaccine superior to 
the weakly effective vaccine, the increased sample size 
required could delay recognition of its efficacy. More 
importantly, if the weak vaccine is compared against 
an even weaker vaccine, the statistical criteria used to 
analyse non-inferiority trials could well endorse the 

even weaker vaccine as being non-inferior (so-called 
bio-creep).1

The criteria used to define a successful vaccine in the 
initial clinical trials of vaccination versus placebo should 
therefore be strict enough to protect against the risk 
of a weakly effective vaccine being deployed, especially 
since there are already many candidate vaccines against 
COVID-19 to be tested,2 providing many chances to 
overestimate efficacy. Hence, the initial trials comparing 
COVID-19 vaccines versus placebo should seek reliable 
evidence not only of some efficacy but of worthwhile 
efficacy.

WHO recommends that successful vaccines should 
show an estimated risk reduction of at least one-half,3 
with sufficient precision to conclude that the true vac-
cine efficacy is greater than 30%. This means that the 
95% CI for the trial result should exclude efficacy less 
than 30%. Current US Food and Drug Administration 
guidance includes this lower limit of 30% as a 
criterion for vaccine licensure.4 As an example of 
a result that would just satisfy these two criteria, 
an evenly randomised trial with 50 cases arising 
in those vaccinated and 100 cases arising in those 
given placebo would have a 95% CI that just excludes 
30%, but would suggest 50% short-term efficacy. A 
vaccine that has 50% efficacy could appreciably reduce 
incidence of COVID-19 in vaccinated individuals, and 
might provide useful herd immunity. Hence, although 
efficacy far greater than 50% would be better, efficacy 
of about 50% would represent substantial progress.

In comparison with individual trials for each of the 
many different vaccines, a global multivaccine trial 
with a shared control group could provide more rapid 
and reliable results. Additionally, its continuous use 
of established clinical trial infrastructure could save 
time and effort, accelerating the needed discovery of 
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The world needs efficient, speedy, and reliable evaluation of many candidate vaccines 
against COVID19. There is a danger that political and economic pressures for rapid 

introduction of a COVID19 vaccine could lead to widespread deployment of a vaccine 

that is in reality only weakly effective (eg, reducing COVID19 incidence by only 10–20%), 
perhaps because of a misleadingly promising result from an underpowered trial. 

Deployment of a weakly effective vaccine could actually worsen the COVID19 pandemic 
if authorities wrongly assume it causes a substantial reduction in risk, or if vaccinated 

individuals wrongly believe they are immune, hence reducing implementation of, or 

compliance with, other COVID19 control measures. Deployment of a marginally effective 
vaccine could also interfere with the evaluation of other vaccines, as subsequent 

vaccines would then have to be compared with it rather than with a placebo. For a 

vaccine superior to the weakly effective vaccine, the increased sample size required 
could delay recognition of its efficacy. More importantly, if the weak vaccine is 

compared against an even weaker vaccine, the statistical criteria used to analyse non-
inferiority trials could well endorse the even weaker vaccine as being noninferior (so-

called biocreep). 

https://www.thelancet.com/action/showPdf?pii=S0140-6736%2820%2931821-3
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several safe and effective vaccines. High enrolment rates 
facilitated by flexible trial design and hundreds of study 
sites in high-incidence locations could yield results on 
short-term efficacy for each vaccine within just a few 
months of including that vaccine.

Reliable evidence is also needed about longer-term 
efficacy, vaccine safety, and protection against severe 
COVID-19. Trials of sufficient size and duration are 
needed to provide this, and to determine whether 
the vaccine can make COVID-19 more hazardous 
(so-called disease enhancement).5,6 Trials that assess 
only immunological endpoints cannot provide this 
evidence, and human challenge studies in young, 
otherwise healthy, adult volunteers might not provide 
sufficient evidence of safety or efficacy in other 
populations. Assessments of safety in multivaccine trials 
can determine directly whether particular vaccines have 
adverse effects not shared by other vaccines. Evaluation 
of multiple COVID-19 vaccines with standardised 
methodology will facilitate regulatory and deployment 
decisions.7 Unless such decisions are informed by reliable 
randomised evidence, the effect on public acceptance 
of COVID-19 vaccines could adversely affect COVID-19 
control and the uptake of vaccines against other 
diseases.8

The WHO Solidarity Vaccines Trial9 (figure) aims to 
evaluate efficiently and rapidly (within 3–6 months of 
each vaccine’s introduction into the study) the efficacy 

of multiple vaccines,10 helping to ensure that weakly 
effective vaccines are not deployed. The trial seeks to 
achieve rapid, reliable results by the simplicity of the 
trial design plus real-time checks on the quality of 
the limited amount of data sought, facilitating high 
recruitment rates. A major challenge with vaccine 
trials at fixed study sites is that unexpectedly low 
attack rates can delay progress. The WHO trial will 
mitigate this by geographical diversity, recruiting in 
many high-incidence countries through fixed and 
mobile (pop-up) research sites in localities where there 
are substantial COVID-19 attack rates at the time of 
enrolment.

For a one-dose or two-dose vaccine that halves risk 
the main result on short-term efficacy should emerge 
within 3–6 months, unless definite results for a highly 
effective vaccine emerge in interim analyses. Placebo-
controlled follow-up then continues until at least 
month 12, or until an effective vaccine is deployed 
locally. This approach increases the reliability of the 
evidence on younger and older adults, duration of 
protection, efficacy against severe disease, and any 
disease enhancement.

Funders, vaccine developers, researchers, and gov-
ern ment institutions11 have signed an international 
statement of collaboration in vaccine research. Several 
of these developers and more than 250 research sites 
intend to join the WHO Solidarity Vaccines Trial in the 

Why have an international randomised controlled trial of several candidate vaccines?

Evaluates several different 
candidate vaccines 

Permits selected vaccines to
enter the trial whenever ready 

Expeditiously enrols participants at 
sites with high rates of COVID-19

Eliminates inefficiency of designing 
and conducting separate trials 

International collaboration and
countries’ commitment 

Vaccine selection for trial
assessed using a priori criteria 

All vaccines selected for trial are
eligible for testing at some sites 

Increases the likelihood of 
finding several effective vaccines 

Flexible mix of fixed sites and
mobile (pop-up) sites

Sufficient enrolment to assess
efficacy and safety of all vaccines

Adaptive design accommodates
unanticipated circumstances

Rapid accumulation of data to 
support rigorous evaluation

Each site helps assess several 
vaccines in parallel

Shared placebo group increases 
efficiency and attractiveness

If placebo can no longer be used, 
another vaccine becomes comparator

Results within 3–6 months after 
each vaccine is ready for inclusion

Fosters participation of sites with
high COVID-19 rates 

Any effective vaccines will be tested 
at many sites

Paves the way for international
deployment of effective vaccines 

Fosters international deployment 
with equity of access

Figure: Selected design features of the WHO Solidarity Vaccines Trial 
The primary outcome is laboratory-confirmed symptoms >14 days after vaccination is completed. Analyses of each vaccine after about 40, 70, and 100 primary 
outcomes occur in the placebo group will report success if they show ≤10 versus 40, ≤30 versus 70, or ≤50 versus 100 outcomes. The third analysis is reported 
regardless of its findings. In all cases placebo-controlled follow-up continues until at least month 12 (or local deployment of an effective vaccine) to assess safety, 
disease severity, and duration of protection.
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