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The Ebola Vaccine Team B: a model for promoting the rapid
development of medical countermeasures for emerging

infectious disease threats

Michael Osterholm, Kristine Moore, Julie Ostrowsky, Kathleen Kimball-Baker, Jeremy Farrar, for the Wellcome Trust-CIDRAP Ebola Vaccine Team B*

In support of accelerated development of Ebola vaccines from preclinical research to clinical trials, in November, 2014, the
Wellcome Trust and the Center for Infectious Disease Research and Policy (CIDRAP) at the University of Minnesota
established the Wellcome Trust-CIDRAP Ebola Vaccine Team B initiative. This ongoing initiative includes experts with
global experience in various phases of bringing new vaccines to market, such as funding, research and development,
manufacturing, determination of safety and efficacy, regulatory approval, and vaccination delivery. It also includes experts
in community engagement strategies and ethical issues germane to vaccination policies, including eight African scientists
with direct experience in developing and implementing vaccination policies in Africa. Ebola Vaccine Team B members
have worked on a range of vaccination programmes, such as polio eradication (Africa and globally), development of
meningococcal A disease vaccination campaigns in Africa, and malaria and HIV/AIDS vaccine research. We also provide
perspective on how this experience can inform future situations where urgent development of vaccines is needed, and we
comment on the role that an independent, expert group such as Team B can have in support of national and international
public health authorities toward addressing a public health crisis.

Introduction
On Aug 8, 2014, the Director-General of WHO declared that
the Ebola virus disease (EVD) outbreak in parts of west
Africa represented a Public Health Emergency of
International Concern (PHEIC) under the 2005
International Health Regulations." Also in August, 2014,
WHO called for fast-track development of Ebola vaccines as
part of the Ebola Response Roadmap? and in October, 2014,
WHO stressed that development of one or more Ebola
vaccines was an urgent international public health priority.**
In support of accelerated development of Ebola vaccines
from preclinical research to clinical trials, in November,
2014, the Wellcome Trust and the Center for Infectious
Disease Research and Policy (CIDRAP) at the University of
Minnesota established the Wellcome Trust-CIDRAP Ebola
Vaccine Team B initiative (hereafter referred to as the Ebola
Vaccine Team B). This ongoing initiative includes experts
with global experience in various phases of bringing new
vaccines to market, such as funding, research and
development, manufacturing, determination of safety and
efficacy, regulatory approval, and vaccination delivery. It
also includes experts in community engagement strategies
and ethical issues germane to vaccination policies,
including eight African scientists with direct experience in
developing and implementing vaccination policies in
Africa. Ebola Vaccine Team B members have worked on a
range of vaccination programmes, such as polio eradication
(both in Africa and globally), development of meningococcal
A disease vaccination campaigns in Africa, and malaria and
HIV/AIDS vaccine research. The Ebola Vaccine Team B
initiative has involved up to 28 members and four staff; all
members (other than the two chairs [Osterholm and Farrar]
and staff) volunteered their time and received no
compensation for their efforts.

The Ebola Vaccine Team B was formed to rapidly assess
challenges and opportunities related to Ebola vaccine
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development, to identify potentially overlooked aspects of
the vaccine development process, and to synthesise
information for distribution in the public domain as
quickly as possible. To achieve these objectives, during the
period from late November, 2014, to early February, 2015,
working subgroups of Ebola Vaccine Team B experts met
regularly via international conference calls to discuss and
comment on various issues related to the development
and delivery of Ebola vaccines. These discussions led to the
release in February, 2015, of a set of recommendations and
a draft target product profile (TPP) for Ebola vaccines.® At
the time of writing, the Ebola Vaccine Team B is still
engaged in constructive assessment and critique of the
ongoing development and evaluation of Ebola vaccines.
Here we outline key initial recommendations from the
Ebola Vaccine Team B, provide an overview of the current
Ebola vaccine landscape, discuss recommendations for
future consideration, and present the TPP that was
developed as part of the initial report. We also provide
perspective on how this experience can inform future
situations where urgent development of vaccines is
needed, and we comment on the role that an independent,
expert group such as Team B can have in support of
national and international public health authorities toward
addressing a public health crisis.

Selected recommendations from the initial
Team B report

The Ebola Vaccine Team B was divided into nine
workgroups, representing the key areas where challenges
in Ebola vaccine development and delivery exist:
manufacturing, research and development, safety,
determination of efficacy or effectiveness, licensing, ethics,
vaccination strategy, community engagement, and funding.
Several of these areas were combined in the initial report
because discussions and recommendations overlapped
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substantially. A full list of recommendations can be found
in the report;’ selected key recommendations from the
workgroups are outlined in table 1.

Overview of the current Ebola vaccine landscape
Since the beginning of 2014, 35 clinical trials involving
Ebola vaccines have been initiated, completed, or are about
to begin.* 27 studies in 15 countries are phase 1or phase 1-2
trials aimed at assessing vaccine safety (including
reactogenicity) and immunogenicity, four studies in seven
African or European countries are phase 2 trials aimed at
assessing safety and immunogenicity in larger study
populations, and four studies are phase 2-3 or phase 3
trials (three of which have been initiated in west Africa and
a fourth is registered but has not yet begun). Seven reports
involving these trials have been published so far.*+

The three phase 2-3 or phase 3 clinical trials initiated
in west Africa include®” a phase 3 trial in Guinea
involving a recombinant, replication-competent vesicular
stomatitis virus-based vaccine expressing a surface
glycoprotein of Zaire Ebola virus (rVSV-ZEBOV); a
phase 2-3 trial in Liberia examining safety and efficacy
of two candidate vaccines (rVSV-ZEBOV and
recombinant chimpanzee adenovirus type 3-vectored
vaccine [cAd3-EBOV]; the phase 3 portion of the trial was
suspended in April, 2015, owing to the low incidence of
Ebola virus disease [EVD] in Liberia); and a phase 2-3
safety and efficacy study in Sierra Leone involving a
single dose of rVSV-ZEBOV.

As of August, 2015, only preliminary results of the
Guinea study, which is an open-label, cluster-randomised,
ring vaccination clinical trial, had been published.” In this
study, participants were randomly assigned to immediate
or delayed receipt of one dose of 2x107 plaque-forming
units (pfu) of the r'VSV-ZEBOV vaccine. On days 3 and 14
post-vaccination, study investigators obtained information
about adverse events from participants or their next of kin.
After 10 days post-randomisation, no cases of EVD
occurred in those who received vaccine as part of the
group randomly assigned to receive immediate vaccination
compared with 16 confirmed cases among all eligible
persons in the delayed vaccination group. The authors
stated this analysis yielded a vaccine efficacy of 100%
(95% CI 74-7-100-0; p=0-0036), based on assessment of
90 case clusters. This value also can be defined as a
measure of total vaccine effectiveness,® because it is
affected by conditions within the two populations, not
only by the individuals in those populations. At the cluster
level with the inclusion of all eligible participants, the
authors estimated the vaccine effectiveness as 75-1%
(95% CI —7-1 to 94-2; p=0-1791) because six cases of EVD
happened in participants who were assigned to the
immediate vaccination group but did not receive vaccine
(apparently because they did not consent to be vaccinated
or consent was not obtained). This value can also be
considered a measure of overall effectiveness,”® since the
comparison involved all participants (vaccinated and not

vaccinated) in the two randomised groups. 43 serious
adverse events were reported; one serious adverse event
was judged to be causally related to vaccination (a febrile
episode in a vaccinated participant, which resolved
without sequelae); assessment of serious adverse events
is ongoing. Although these results are highly encouraging,
because of clustering within the rings, participants are
not statistically independent, which could affect the
precision in this type of study design.®** Although the
authors suggested they accounted for this issue, further
data are needed to validate the findings. The ring
vaccination approach used in this trial is continuing in
Guinea (but without randomisation to delayed
vaccination) and, in late August, 2015, was expanded into
Sierra Leone.”*

Three other reports have assessed the safety and
immunogenicity of the r'VSV-ZEBOV vaccine.®** In one
multicentre study, 13 (25%) of 51 volunteers in Geneva,
Switzerland, who were vaccinated with various doses
containing at least 1x107 pfu, had fever and 11 (22%) had
reactive arthritis, which led to a pause in the study.® The
study was resumed using a lower dose of vaccine and a
subsequent report noted that reducing the dose of
rVSV-ZEBOV to 3x105 pfu led to lowered antibody
responses and did not prevent vaccine-induced arthritis,
dermatitis, or vasculitis.” A third report involved two
phase 1 trials with 26 participants in each (52 total);
40 received an intramuscular injection of the
rVSV-ZEBOV vaccine at a dose of either 3x106 pfu or
2x107 pfu and 12 received placebo.® Safety and
immunogenicity were assessed for the 28 days after
vaccination. No significant safety concerns were identified
during the observation period and the vaccine was
immunogenic in the participants tested.

Although the Guinea trial results are very promising,
data reported in the Swiss trial raise questions about
reactogenicity of rVSV-ZEBOV. An appropriate vaccination
strategy for use of this vaccine might involve immediate
protection among high-risk contacts in an outbreak
setting. Additional data are needed to establish if this
vaccine is appropriate in other situations, such as use in
the general population or in people at risk of future
exposure, including health-care workers (who would need
relatively long-term immunogenicity). Furthermore, the
rVSV-ZEBOV vaccine currently needs storage at —80°C,
which presents logistical challenges for stockpiling and
widespread use in remote areas of Africa.

Three reports have involved adenovirus-vectored
vaccines, including the cAd3-EBOV vaccine and a
recombinant adenovirus type 5 vector-based vaccine.®*4
For the cAd3-EBOV trials, both were phase 1, dose-
escalation, open-label studies. The first trial, which
involved 20 participants in the USA, identified no safety
concerns, although transient fever developed within 1 day
after vaccination in two participants who had received a
2x1011 particle-unit dose.® The second trial involved
60 volunteers in Oxford, UK, who received a single dose of
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cAd3-EBOV vaccine at one of three dose levels (1x1010 viral
particles, 2-5x1010 viral particles, and 5x1010 viral
particles); 20 participants were included in each group.”
No safety concerns were identified and the cAd3-EBOV
vaccine was immunogenic at the doses tested. A final
report involved a randomised, double-blind, placebo-
controlled, phase 1 trial using two different doses of an
adenovirus type-5 vector-based Ebola vaccine (one high
dose and one low dose).* 120 participants were enrolled,
with 40 in each arm of the study. The authors determined
the high-dose vaccine was immunogenic and no serious

adverse events were noted, although 82 participants (68%)
reported at least one adverse reaction within 7 days of
vaccination (19 in the placebo group, 27 in the low-dose
group, n=36 in the high-dose group [p=0-0002]).

Recommendations for future consideration:
where to go from here

Assessment of vaccine attributes

Ongoing and continued assessment of vaccine attributes is
needed to inform long-term use of Ebola vaccines to
control or prevent future outbreaks.**** First-generation

Recommendations

Need to accelerate
manufacturing

Completion of

phase 2/3 clinical trials

Crucial role of
international
coordination

Need for additional
clinical trials

Importance of
post-marketing
adverse event
reporting

Involvement of
African scientists in
ethical decisions
Aligning vaccine
strategies with the
epidemiology of
disease

Early initiation of
community
engagement with
inclusion of local
leadership

Vaccine costs need to

ensure a fair price
point

Ebola vaccine manufacturing could be accelerated by streamlining the vaccine production process using existing platform technologies,*® thereby using specific know-
how to improve cost-effectiveness, and focusing on monovalent formulations in the near term to address vaccination needs of the current epidemic in west Africa.

Phase 2/3 clinical trials of Ebola vaccines should be done even if an efficacy endpoint cannot be guaranteed, because substantial safety and immunogenicity data will be
needed for licensing and decision making regarding further vaccine development.”

WHO should continue to coordinate international efforts to identify appropriate options for accelerated regulatory approval of Ebola vaccines and provide expert
guidance (such as through the WHO prequalification process).” Key goals include developing consensus recommendations regarding emergency approval or
authorisation pathways, identifying opportunities for reciprocity to expedite approvals among multiple national regulatory authorities, and clarifying the role of the US
Food and Drug Administration, Health Canada, or the European Medicines Agency in facilitating approvals in the west African vaccine regulatory process.*

The clinical trial process needs to be innovative and flexible to provide opportunities for the assessment of new product vaccine candidates when disease prevention cannot
reliably be assessed because of low disease incidence. Furthermore, to the extent possible, all promising vaccines should be assessed in clinical trials, even if one vaccine shows
early efficacy, since it is not clear which vaccines might ultimately prove to be most effective and safe for different populations or circumstances. If an early vaccine shows
efficacy, researchers might be able to identify a correlate of protection for the vaccine.” If that correlate of protection is generalisable to other candidate vaccines, later clinical
trials could be done using an accepted immunogenicity correlate as an approval endpoint rather than measuring clinical protection in an outbreak or epidemic setting.” If no
generalisable correlate of protection can be identified, clinical trials with later vaccines are still possible, particularly if evidence (from animal data or other markers) suggests
that such vaccines are reasonably likely to predict clinical benefit or might be superior to the first-generation vaccine. In such situations, clinical trials would likely be done by
comparing the new candidate vaccine against the first-generation vaccine.”* This might apply to the development of future vaccines for other diseases as well, such as
malaria and dengue, where second-generation vaccines are compared with partly efficacious first-generation vaccines.™

Post-marketing surveillance should be done once vaccines are approved or authorised for use, using techniques applicable to under-resourced countries.” Consideration
should be given to determining if applicable baseline data are available from in-country epidemiological sources for anticipated potential adverse events.?
Furthermore, community engagement strategies should be developed for addressing vaccine adverse events (that are either causally or coincidentally related to
vaccination). Public health officials need to specify the entities (governments, vaccine manufacturers, others) responsible for post-marketing surveillance studies and
how vaccine-related adverse events will be handled and documented. They need to clarify and communicate broadly how and to whom vaccine-related harms should be
reported, the process for addressing them, and who is accountable for any reparations.

African stakeholders should be at the forefront of ethical decisions that affect the safety, wellbeing, and resilience of the populations hardest hit by the west Africa Ebola
epidemic.?* This includes conduct of clinical trials and vaccination strategies once vaccines are brought to market.

The key framework for developing a post-licensure vaccination strategy should be based on initial targeting of those at highest risk of exposure. The strategy can be
phased in, according to vaccine availability, and might evolve. Leaders in the affected countries need to be central to the decision making and determination of priority
groups for vaccination. A number of vaccination strategies have been used to control infectious diseases or have been considered as potential control options.”*
Vaccination strategies applicable to Ebola include the following:
« Targeted vaccination to at-risk groups. Health-care workers, Ebola response teams, and funeral workers should be considered a priority once vaccine is available. Such
front-line workers are essential to the care of the ill or handling of deceased victims and are at increased risk of acquiring infection. Vaccination of this group should be
feasible with a single-dose or multi-dose vaccine.
« Ring vaccination. Contacts of cases, along with their potential secondary contacts and others in geographic proximity to cases, also should be a priority. For these
groups, a single-dose vaccine will be desirable.
« Geographically targeted mass vaccination. The pattern of disease occurrence in the west Africa Ebola epidemic has shown geographic hot spots;® therefore,
population-based vaccination in targeted areas is a potential strategy. A vaccine requiring only a single dose will be most suitable in this setting. If mass vaccination is
considered, the safety profile will need to be established for special populations, such as children, elders, pregnant women, and immunocompromised persons and
ongoing pharmacovigilance data will be essential.

Efforts should be underway as early as possible to address any perceived barriers to vaccine acceptance, as well as to build trust, promote awareness, and provide any
needed information.* Trusted leaders from the affected countries should drive community engagement, with support from external partners as appropriate and
requested.” Traditional leaders and others selected by their communities, rather than imposed on them by others, are essential to community engagement efforts that
are culturally informed, practical, and trust-building. Engagement of local scientific communities also should be considered. For example, hardest-hit countries should
consider creating structures similar to the Nigerian Northern Traditional Leaders Committee for Primary Care and Polio Eradication as a way to formally engage with
traditional and religious institutions and influential individuals who can reduce misinformation and stigmatisation and bring transparency to ethical aspects of Ebola
vaccine assessment and deployment.®*” Another example of successful community engagement occurred in Burkina Faso to promote use of the new meningococcal A
conjugate vaccine.”

Governments and manufacturers should ensure transparency in financial transactions that affect pricing as well as decisions regarding distribution of doses, especially if
vaccine supplies are limited. Deployment of Ebola vaccines also should reflect a rational pricing system.*® Ideally, a purchase price for Ebola vaccines should reflect the
direct costs to manufacture sufficient amounts, account for the public and charitable investments in their development, and assume limited ability of affected countries
to secure funding for vaccine supplies.

Table 1: Examples of initial recommendations of Ebola Vaccine Team B by issue
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Ebola vaccines might or might not have the attributes
needed for different scenarios.” Hypothetically, an Ebola
vaccine candidate that provides rapid development of
immunity after a single administration, but has limited
duration of protection, could be very useful for controlling
an outbreak. Conversely, an Ebola vaccine candidate that
requires multiple doses over several months before
protective immunity is achieved, but has a long duration of
protection, might be necessary in protecting health-care
workers and response and burial team members in
advance of future outbreaks.

Regulatory review

In preparation for a future public health emergency,
WHO should consider creating a permanent capability
within the organisation to facilitate the development of
consensus regulatory recommendations and guidelines
by national regulatory authorities (NRAs) for addressing
public health emergencies.

Manufacturing capacity

The development of in-region manufacturing capacity
could potentially enhance access to Ebola vaccines in low-
income and middle-income countries in the longer
term.** Technology transfer to a reliable developing-
country vaccine manufacturer could also provide an
alternative source of vaccine if an originator manufacturer
cannot commit to continued production.”* Technology
transfer, however, would be extremely challenging and
resource intensive in west Africa, because reliable capacity
currently does not exist in the region.

Improving vaccines

The risk-benefit profile for the rVSV-ZEBOV is unclear
beyond ring vaccination around known cases in the
current outbreak in Guinea, so future randomised trials of
other vaccines or strategies should remain a high priority.
Furthermore, developers of next-generation Ebola
vaccines should consider the need to protect against other
filovirus infections in addition to Zaire Ebola virus (such
as Marburg virus, and Sudan Ebola virus), which will
require development of multivalent or multifunctional
vaccines.” Finally, antigenic drift might be an issue over
time—particularly with ongoing evolutionary pressure—
and future efforts will need to monitor the effect of
antigenic drift or selection for vaccine-resistant strains on
vaccine effectiveness. Ensuring candidate vaccines are on-
the-shelf and ready for assessment during future
outbreaks might be a wuseful approach to address
development of future-generation Ebola vaccines.®

Stockpiling vaccines

Once the west Africa epidemic is controlled, stockpiling
vaccines to be used for future outbreaks should be
considered.” Vaccines could be used during outbreaks
(eg, by employing the reactive vaccination strategies
outlined above) in coordination with traditional public

health measures to achieve rapid control. Public health
officials currently maintain vaccine stockpiles for use
during yellow fever outbreaks in Africa (in combination
with mass vaccination campaigns)®® and cholera vaccine
also is stockpiled for outbreaks,” demonstrating the
potential viability of this approach. Furthermore,
stockpiling of candidate vaccines for further testing in
phase 3 clinical trials during outbreaks should be
considered, as noted above.®

New funding strategies

Key stakeholders should consider creating an integrated
funding strategy that prioritises public health as a primary
driver over solely commercial considerations.***
Although public attention might recede from the current
crisis in west Africa as the epidemic abates, the likelihood
of disease and death from future Ebola outbreaks will not.
Because of the animal reservoir of Ebolavirus, future
outbreaks are inevitable, and work must begin to explore
a strategy for integrated global funding, including support
for the WHO’s authority to monitor global health, declare
a public health emergency of international concern, and
coordinate a timely response to any such emergencies.

Partnerships

Engagement of the pharmaceutical industry is very
important for developing, licensing, and manufacturing
any new, emerging infectious disease vaccines; therefore,
industry needs and drivers must be understood and
accommodated. There is a very real risk that in the future
pharmaceutical companies will not be willing to participate
in vaccine development efforts aimed at responding to
public health crises such as the west Africa Ebola epidemic
unless industry needs are addressed.* This situation raises
the role of public—private partnerships in creating funding
models that allow new vaccines to move forward while
simultaneously  addressing industry needs and
requirements.**? A comprehensive assessment of
existing public-private partnerships should be done with
the goal of identifying strengths that can be used to
establish economic models for vaccine development that
are driven by public health priorities, particularly on behalf
of populations where resources are most limited.

Summary of recommendations

Numerous crucial issues in the development of Ebola
vaccines still remain: the limitations of single-source
vaccine supplies and the need to keep multiple
pharmaceutical companies engaged in the process; the
need to pursue development of vaccines that can be used
in larger inter-epidemic or endemic situations; the need
for continued funding for development of other Ebola
vaccine candidates until final products with appropriate
risk-benefit profiles are available for use under different
circumstances; the need to provide actionable information
to African countries about Ebola vaccine availability and
use in the future; and the need to derive benefit from the
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wide range of clinical trials that are currently ongoing or
planned to start in the near future. The Ebola Vaccine
Team B initiative will continue to address these issues and
others that arise in the months to come.

Target product profile for Ebola vaccines
Although TPPs have traditionally been used in industry
or as part of the regulatory process, a TPP also can drive
discussions about optimal and minimal vaccine
characteristics and production capabilities, which
ultimately can be used to generate suitable products for
the prevention and control of EVD. A TPP can be used
as a tool for ongoing assessment of vaccine attributes®
and can take into consideration a broad range of other
issues, including how the vaccine will be used, the
target populations, vaccine production, and vaccine
distribution.®” The Ebola Vaccine Team B created a TPP
for Ebola vaccines that includes criteria for reactive use
and proactive use (table 2). This TPP was released to the
WHO in April, 2015, for use as a starting point for a
WHO-approved TPP for Ebola vaccines.

Lessons learned from the Ebola Vaccine Team B
experience

The Ebola Vaccine Team B has provided an opportunity to
discuss and address several crucial issues related to Ebola
vaccine development and dissemination. Several key
lessons, however, are generalisable to the broader issue of
global infectious disease prevention and control. First, the
current market-driven approach for vaccine development
is not adequate to protect impoverished populations from
emerging infectious diseases of epidemic or pandemic
potential. Creative funding strategies are needed that
ensure vaccines move efficiently from discovery and
research through clinical trials and licensure to
manufacturing and delivery, even when ongoing
profitability for vaccine manufacturers is not assured.
Second, the west Africa Ebola epidemic illustrates the
need for enhanced international coordination and
transparency, particularly regarding approval processes
for doing clinical trials in developing countries and
addressing international regulatory issues for licensure of
new vaccines. As part of this process, better preparedness
plans need to be in place to address community
engagement needs in advance of a crisis situation. Finally,
the west Africa Ebola epidemic highlights the need to
further strengthen disease surveillance systems in the
region as well as in other geographical areas within the
continent and globally.

At the onset of the Ebola epidemic in west Africa,
several Ebola vaccines were in preclinical development,
owing to substantial investments by various government
agencies, the pharmaceutical industry, and private
foundations. Prior work on product development
platforms allowed relatively rapid progression to clinical
trials for several vaccine candidates, but delivery of
efficacious licensed products to affected areas has yet to
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happen. More rapid efficacy assessment of these vaccines
would have been possible if they had been assessed for
initial safety and immunogenicity in phase 1-2 studies
before the onset of the epidemic, and if there had been
greater consensus before the epidemic on the feasibility
and appropriateness of study designs to assess efficacy.
An improved process is needed to identify infectious
diseases of epidemic or pandemic potential and to ensure
that more robust research is initiated and supported to
develop vaccines and other medical countermeasures for
such pathogens. The most obvious example is vaccines
for emergent novel influenza viruses with pandemic
potential. Other pathogens of importance include
paramyxoviruses, such as Nipah virus and Hendra virus;
emergent coronaviruses, such as severe acute respiratory
syndrome coronavirus and Middle Eastern respiratory
syndrome coronavirus; other haemorrhagic fever viruses
such as Marburg virus, Rift Valley fever virus, and
Crimean-Congo haemorrhagic fever virus; emergent
enteroviruses, such as EV71, EV68 (or D68), and Coxsackie
A16 (or CA16); hepatitis E virus; and chikungunya virus.
In addition to research and development, more efforts are
needed to ensure that such vaccines are supported
through clinical trials, manufacturing, and delivery to
potential at-risk populations.

Team B as a model for future infectious disease
emergencies

A Team B approach can augment traditional public health
efforts in several ways. First, a Team B can include non-
governmental international experts with a wide range of
past experience from the private and public sectors and
from academia. In the case of this Team B, the broad
range of expertise allowed the group to cover all areas of
Ebola vaccine development and deployment. In particular,
the participation of African scientists allowed the group
to delve into issues specific to west Africa and provided a
so-called ground zero perspective, which was crucial for
the success and credibility of the initiative. Team B staff’
also contacted additional experts who provided further
valuable insights. Government processes, by contrast,
might be more limited in engaging partners from the
private sector because of the regulatory role that some
governmental agencies have, which can generate
concerns about potential conflicts of interest. Second, a
Team B can be organised quickly and can retain its
autonomy. This allows a Team B to generate outputs
rapidly because the process does not depend on
government or private-sector review or approval and is
not hamstrung by issues such as concerns about antitrust
(which, for example, could arise with any consortium of
pharmaceutical companies). In this situation, the Ebola
Vaccine Team B was able to rapidly generate a TPP and
share it with the WHO for its future use. Finally, a Team B
can be more flexible and nimble than most government
bodies and can respond to a changing landscape more
quickly by adjusting programmatic priorities.
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Several challenges also exist with developing and
sustaining a Team B. First, a need exists for adequate
staffing of the Team B to conduct research and draft
documents. Second, a Team B must rely on volunteer
engagement of relevant experts. Even in situations
where financial support can be provided, the support

will not be commensurate with the hours of service
needed. Third, a Team B must balance the desire to be
of service without encroaching on the work of
government entities and global organisations, and
without being overly critical of efforts underway. This
entails walking a fine line and engaging public-sector

Prevention of EVD in the current or future epidemics (reactive use)*

Protection against endemic EVD (prophylactic use)

Optimal

Minimal

Optimal

Minimal

Criteria applicable to characteristics of Ebola vaccines

Indication for use

Target population

Safety||

Efficacy/
effectiveness

Dose regimen

Durability of
protection

For active immunisation of at-risk people residing in
the area of the current epidemic or in a future
outbreak area; to be used in conjunction with other
control measures to curtail or end an outbreak

The vaccine can be given to all age groups and
populations, including special populations
(immunocompromised people, pregnant women,
people with underlying chronic disease, and
malnourished people)t,#

A safety profile that is consistent with expectations
for a licensed vaccine and, if the vaccine is efficacious,
will provide a highly favourable risk-benefit ratio,
ideally with only mild or transient side-effects (ie,
grade 1 AEs) and lacks evidence of serious AEs**

If fever is an AE, it should be of short duration
(preferably resolving within 24 h)

Interrupts disease transmission

Greater than 90% efficacy in preventing disease in
healthy children and adults§

Rapid onset of immunity

Evidence for post-exposure efficacy in primate
challenge experiments

Single-dose regimen

Confers at least 2 years of protectiontt

Criteria applicable for production and distribution of Ebola vaccines

Route of
administration

Formulation

Product stability
and storage

Injectable (intramuscular, intradermal, or
subcutaneous) or other formulation, such as
ingestible, nasal, or transdermal patch, if available

Monovalent vaccine effective against Zaire Ebola
virustf
Does not require an adjuvant

Shelf life of at least 36 months

Does not require storage at -80°C to prevent
degradation

The need for a preservative is determined and any
issues are addressed

Product is stable at refrigeration temperatures
(2-8°C)

Heat stability should be maximised to allow product
to be used in a CTC (ie, with storage out of cold chain
at room temperature for up to several days)

For active immunisation of at-risk
people residing in the area of the
current epidemic or in a future
outbreak area; to be used in
conjunction with other control
measures to curtail or end an outbreak

The vaccine can be given to healthy
older adolescents and non-pregnant
adults§

A safety profile that is consistent with
expectations for a licensed vaccine
and, if the vaccine is efficacious, will
provide a favourable risk-benefit ratio
(primarily grade 1 AEs, with grades 2-4
AEs occurring rarely)**

Greater than 50% efficacy in
preventing disease in healthy older
adolescents and adults§

Rapid onset of immunity

Prime-boost regimen with booster
dose no more than 1 month after
initial dose

Confers at least 3 to 6 months of
protectiontt

Injectable (intramuscular, intradermal,
or subcutaneous) or other formulation
as available

Monovalent vaccine effective against
Zaire Ebola virustt

Shelflife of at least 12 months

The need for a preservative is
determined and any issues are
addressed

Storage conditions comply with
cold-chain capabilities; product may be
stored at -80°C or at -20°C, if stable for
some period of time (hours to a few
days) at 2-8°C or at room temperature
(to allow for shipment and storage in
the field)

For active immunisation of people
considered at high risk of EVD based on
specific risk factors (such as occupation)
or based on residence in a geographic
area at risk for EVD

The vaccine can be given to all age groups

and populations, including special
populations (immunocompromised
people, pregnant women, people with
underlying chronic disease, and
malnourished people) 1%

Robust safety profile whereby vaccine
benefit clearly outweighs any safety
concerns

Safety profile demonstrates only mild
transient health effects (ie, grade 1 AEs)
and lacks evidence of serious AEs** %

Greater than 90% efficacy or effectiveness

in preventing disease in healthy children
and adults

Single-dose regimen

Confers longlasting protection of 10 years
or more (with booster doses as necessary

to maintain durability over time) 1

Injectable (intramuscular, intradermal, or
subcutaneous) or other formulation, such
asingestible, nasal, or transdermal patch,

if available

Trivalent vaccine effective against Zaire
Ebola virus, Sudan Ebola virus, and
Marburg virus

Does not require an adjuvant

Shelf life of at least 36 months

Does not require storage at-80°C to
prevent degradation

The need for a preservative is determined

and any issues are addressed

Product is stable at refrigeration
temperatures (2-8°C)

Heat stability should be maximised to

allow product to be used in a CTC (ie, with

storage out of cold chain at room
temperature for up to several days)

For active immunisation of people
considered at high risk of EVD
based on specific risk factors (such
as occupation) or based on
residence in a geographic area at
risk for EVD

The vaccine can be given to healthy
older adolescents and non-
pregnant adultse

Robust safety profile whereby
vaccine benefit clearly outweighs
any safety concerns

Safety profile demonstrates
primarily mild transient health
effects (ie, grade 1 AEs) and serious
AEs (grades 2-4) are rare**

Greater than 50% efficacy or
effectiveness in preventing disease
in healthy older adolescents and
adults§

Single-dose regimen or
prime-boost regimen with
additional booster doses as needed
Booster dose schedule is designed
to achieve optimal long-term
protection

Confers at least 2 years of
protection after completion of the
vaccination regiment

Injectable (intramuscular,
intradermal, or subcutaneous) or
other formulation as available

Monovalent vaccines effective
against Zaire Ebola virus, Sudan
Ebola virus, and Marburg virus

Shelf life of at least 24 months
The need for a preservative is
determined and any issues are
addressed

Storage conditions comply with
cold-chain capabilities; product
may be stored at -80°C or at -20°C,
if stable for some period of time
(hours to a few days) at 2-8°Cor at
room temperature (to allow for
shipment and storage in the field)

(Table 2 continues on next page)

e6

www.thelancet.com/infection Vol 16 January 2016




Personal View

Prevention of EVD in the current or future epidemics (reactive use)*

Protection against endemic EVD (prophylactic use)

Optimal

Minimal

Optimal

Minimal

(Continued from previous page)

Coadministration
with other
vaccines

Presentation

Production

Licensure

The vaccine will be given as a stand-alone product
not coadministered with other vaccines

In an outbreak setting, the simplest presentation is
likely best (ie, a mono-dose, liquid product that does
not require reconstitution); however, other options
noted in the bullets below are acceptable.

Vaccine is provided as a liquid or lyophilised product
in mono-dose or low multi-dose (10-20)
presentationsSS, 9191

Multi-dose presentations should be formulated,
managed, and discarded in compliance with multi-
dose vial policies

Lyophilised vaccine will need to be accompanied by
paired separate vials of the appropriate diluent

Can be produced efficiently and as expeditiously as
possible after a validated scale-up that allows for
maximum production yields; the dose of antigen
required for protection allows for high production
yield (which will affect cost and availability)

5 million doses can be produced by the end of 2015
(for the current epidemic)

Ideally, production involves a single bulk-substance
product (without requiring a separate booster
product or diluent [needed for lyophilised vaccines])
If a booster with an alternative product is needed,
that product also can be produced quickly and
without substantial manufacturing barriers or supply-
chain issues

If an adjuvant is needed, it can be formulated with the
vaccine instead of combined at the time of use

Meets criteria for licensure or accelerated licensure
pathway
Recommendation for vaccine use by the WHO

The vaccine will be given as a stand-
alone product not coadministered
with other vaccines

Vaccine is provided as a liquid or
lyophilised product in mono-dose or
low multi-dose (10-20)
presentationsSS, 4191

Multi-dose presentations should be
formulated, managed, and discarded
in compliance with multi-dose vial
policies

Lyophilised vaccine will need to be
accompanied by paired separate vials
of the appropriate diluent

The dose of antigen required for
protection allows for high production
yield (which will affect cost and
availability)

5 million doses can be produced during
2016 (for the current epidemic)

If a booster with an alternative product
is needed, that product also can be
produced quickly and without
significant manufacturing barriers or
supply-chain issues

Meets criteria for accelerated licensure
pathway or expanded access (such as
EUA), with full licensure potentially to
follow]|||

Criteria for expanded access or EUA are
acceptable to EMA, FDA, and the NRAs
of countries affected by the
epidemic|||

Conditional recommendation for
vaccine use by the WHO

The vaccine can be coadministered with
other licensed vaccines without clinically
significant impact on immunogenicity or
safety

Vaccine is provided as a liquid or
lyophilised product in mono-dose or low
multi-dose (10-20) presentationsSS, 14
Multi-dose presentations should be
formulated, managed, and discarded in
compliance with multi-dose vial policies
Lyophilised vaccine will need to be
accompanied by paired separate vials of
the appropriate diluent

Can be produced efficiently and as
expeditiously as possible; the dose of
antigen required for protection allows for
high production yield (which will affect
cost and availability)

Can be produced in quantities sufficient
for prophylactic use in at-risk regions or
populations

If a booster with an alternative product is
needed, that product also can be
produced quickly and without significant
manufacturing barriers or supply-chain
issues

If an adjuvant is needed, it can be
formulated with the vaccine instead of
combined at the time of use

Meets criteria for licensure
Product is prequalified by the WHO

The vaccine will be given as a
stand-alone product not
coadministered with other
vaccines.

Vaccine is provided as a liquid or
lyophilised product in mono-dose
or low multi-dose (10-20)
presentationsSS, 91

Multi-dose presentations should
be formulated, managed, and
discarded in compliance with
multi-dose vial policies
Lyophilised vaccine will need to be
accompanied by paired separate
vials of the appropriate diluent

Can be produced in quantities
sufficient for prophylactic use in
at-risk regions or populations

Meets criteria for licensure

AE=adverse event. CTC=controlled temperature chain. EMA=European Medicines Agency. EUA=emergency use authorisation (applicable to regulations in the USA). EVD=Ebola virus disease. FDA=US Food and Drug
Administration. NRA=national regulatory authority. *Optimal and minimal criteria for vaccines to be used in the current epidemic are similar to considerations for vaccines that may be used in future outbreaks or
epidemics if a reactive vaccination strategy is employed. Vaccines developed and produced now or in the future may be stockpiled for reactive use in future situations. tOptimally, a vaccine should be available for all age
groups; however, some vaccines might not be able to be given to young children because of general reactogenicity or interference with safety or efficacy of EPI (Expanded Program on Immunization) vaccines. ldeally, a
vaccine will be safe and effective in special populations, such asimmunocompromised people or pregnant women; however, obtaining efficacy and safety data for such populations will require special studies that take
extensive time to design and conduct; therefore, this feature is not realistic for the current epidemic, but may be a consideration for a future time, if appropriate. Slnitial vaccination of older adolescents and adults is a
potentially viable strategy because: this will encompass most high-risk people (eg, health-care workers, Ebola community workers, funeral workers, and in-home care providers as well as many case contacts); the
epidemiology of EVD in west Africa indicates that the largest burden of disease occurs in this age group, and by targeting this population, enough herd immunity might be achieved to stop the outbreak when
combined with other control measures. 4]A tiered strategy targeted initially to health-care workers, adults, and adolescents, then later to children and the elderly over time might be considered (depending on the
vaccination strategy), with more than one vaccine product being appropriate for different populations and different usages. ||Safety profiles for vaccines used in an outbreak/epidemic setting might potentially be lower
than the safety profiles for vaccines used on a prophylactic basis to prevent endemic disease or future outbreaks, since the risk/benefits in the two settings may be different. **A system for grading adverse events is as
follows. Grade 1 (mild): symptoms cause no or minimal interference with usual social and functional activities; grade 2 (moderate): symptoms cause greater than minimal interference with usual social and functional
activities; grade 3 (severe): symptoms cause inability to perform usual social and functional activities; grade 4 (potentially life threatening): symptoms cause inability to perform basic self-care functions, or a medical or
operative intervention is indicated to prevent permanent impairment, persistent disability, or death. ffInvestigators will not be able to determine durability of protection in the current clinical trials; this will require
additional observation and follow-up studies. £+A monovalent vaccine against Zaire Ebola virus is adequate to control the current west Africa epidemic; however, strategic use of a reactive vaccination strategy aimed at
controlling future filovirus disease outbreaks will likely also require development of monovalent vaccines against Sudan Ebola virus and Marburg virus or a trivalent vaccine against all three pathogens. SSLiquid vaccines
are easy to administer because they don't need reconstitution. Lyophilised vaccines may be more temperature stable, but require reconstitution with an appropriate diluent. These two different forms of vaccine each
have advantages and disadvantages that will need to be weighed based on conditions in the field, including stability, transport, and disposal constraints. q[9/Single-dose vials potentially decrease safety risks. Single-dose
or low multi-dose vials also decrease vaccine wastage, which is an important factor when considering cost of administration; however, they require increased storage space. The optimal number of doses per vial,
therefore, will need to take into consideration field conditions and the vaccination strategy (eg, 50 or more doses per vial may be appropriate for a mass vaccination strategy). ||||Issues around accelerated licensure and
expanded access apply predominantly to this epidemic. If the current phase 3 clinical disease endpoint studies are inconclusive, one or more Ebola vaccines could potentially be licensed via FDA's accelerated approval
pathway (if correlates of protection are identified) or via FDA's Animal Rule pathway (if correlates of protection cannot be identified).

Table 2: Target product profile for Ebola vaccines in epidemic and endemic settings
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partners as appropriate. Finally, Team B members
might not always have an insider’s perspective on
information because of a lack of direct involvement with
government entities or companies, which can limit the
ability to obtain a full and accurate situational
assessment.

Conclusion

The Ebola Vaccine Team B was able to leverage the
experience of a group of dedicated individuals who
represent a wide range of expertise applicable to the
generation and deployment of Ebola vaccines. As a
result, the Ebola Vaccine Team B has been able to
provide valuable ongoing commentary on the Ebola
vaccine development process and serves as a
mechanism to enhance the greater good by providing
independent, informed support to traditional public
health processes.

Wellcome Trust-CIDRAP Ebola Vaccine Team B members

Clement A Adebamowo, University of Maryland, Baltimore, MD, USA;
Jon Andrus, Sabin Vaccine Institute, Washington, DC, USA;

Norman W Baylor, Biologics Consulting Group Inc, Alexandria, VA,
USA,; Fred Binka, University of Health and Allied Sciences, Ho, Ghana;
Donald S Burke, University of Pittsburgh, Pittsburgh, PA, USA;

John D Clemens, International Centre for Diarrhoeal Disease Research,
Bangladesh, Dhaka, Bangladesh; Jennifer E Cohn, Médecins Sans
Frontiéres Access Campaign, Geneva, Switzerland; Tumani Corrah,
Medical Research Council, Banjul, The Gambia; R Gordon Douglas Jr,
Weill Cornell Medical College, New York, NY, USA; Ogobara K Doumbo,
University of Bamako, Bamako, Mali; Arthur Y Elliott, Biological
Consultant, Lansdale, PA, USA; Patricia Fast, International AIDS
Vaccine Initiative, New York, NY, USA; Thomas R Fuerst, Institute for
Bioscience and Biotechnology Research, University of Maryland,
Rockville, MD, USA; Joan Fusco, CBR International Corp, Silver Spring,
MD, USA,; Christian Happi, Redeemer’s University, Redemption City,
Ugun State, Nigeria; Pontiano Kaleebu, MRC/UVRI Uganda Research
Unit on AIDS, Entebbe, Uganda; David C Kaslow, PATH, Seattle, WA,
USA; Marc Lipsitch, Harvard T H Chan School of Public Health, Boston,
MA, USA; Adel A Mahmoud, Princeton University, Princeton, NJ, USA;
Walter Orenstein, Emory University, Atlanta, GA, USA; George Poste,
Arizona State University, Scottsdale, AZ, USA; Regina Rabinovich,
Harvard School of Public Health, Boston, MA, USA; Amadou Alpha Sall,
Institut Pasteur de Dakar, Dakar, Senegal; Faisal Shuaib, Federal
Ministry of Health, Abuja, Nigeria; Peter G Smith, London School of
Hygiene & Tropical Medicine, London, UK; Ross Upshur, Department of
Family and Community Medicine and Dalla Lana School of Public
Health, University of Toronto, Toronto, ON, Canada.

Contributors

MO, KM, JO, KK-B, and JF contributed to the concept and design of the
project. MO facilitated Team B conference calls. KM, JO, and KK-B wrote
sections of the initial Team B recommendations report, which served as
a basis for much of the manuscript. MO, KM, JO, and JF contributed to
drafts of the manuscript. MO and KM reviewed and approved all edits
from Team B members. MO, KM, JO, KK-B, and JF reviewed and
approved the final version of the manuscript.

Declaration of interests

JF is Director of the Wellcome Trust, which has funded clinical trials of
two Ebola vaccines, cAd3 (in the UK and Mali) and rVSV-EBOV (in
Geneva, Gabon, Kenya, and Guinea). MO, KM, JO, and KK-B declare no
competing interests.

Acknowledgments

Funding for the Ebola Vaccine Team B is provided by the Wellcome
Trust, UK. The authors also acknowledge Carlos R Cruz (CIDRAP,
University of Minnesota, Minneapolis, MN, USA) for project
management related to the Ebola Vaccine Team B.

References

1

10

1

12

13

14

15

16

17

18

19

20

21

22

23

WHO. International Health Regulations (2005). Second Edition.
http://apps.who.int/iris/bitstream/10665/43883/1/9789241580410_
eng.pdf (accessed Oct 27, 2015).

WHO. Ebola Response Roadmap. Aug 28, 2014. http://apps.who.
int/iris/bitstream/10665/131596/1/EbolaResponseRoadmap.
pdffua=1 (accessed Oct 27, 2015).

WHO. Experimental Ebola vaccines. Oct 1, 2014. http://who.int/
mediacentre/news/ebola/01-october-2014/en/ (accessed Sept 2, 2015).
Kanapathipillai R. Ebola Vaccine — An Urgent International
Priority. N Engl ] Med 2014; 371: 2249-51.

Wellcome Trust/CIDRAP. Recommendations for accelerating the
development of Ebola vaccines. http://www.cidrap.umn.edu/sites/
default/files/public/downloads/ebola_virus_team_b_report-
final-021615.pdf (accessed Sept 2, 2015).

Ye L, Yang C. Development of vaccines for prevention of Ebola virus
infection. Microbes Infect 2015; 17: 98-108.

Falzarano D, Geisbert TW, Feldmann H. Progress in filovirus
vaccine development: evaluating the potential for clinical use.
Expert Rev Vaccines 2011; 10: 63-77.

Geisbert TW, Bausch DG, Feldmann H. Prospects for immunisation
against Marburg and Ebola viruses. Rev Med Virol 2010; 20: 344-57.
Tully CM, Lambe T, Gilbert SC, Hill AVS. Emergency Ebola response:
anew approach to the rapid design and development of vaccines
against emerging diseases. Lancet Infect Dis 2015; 15: 356-59.

WHO. WHO high-level meeting on Ebola vaccines access and
financing. Oct 23, 2014. http://www.who.int/mediacentre/news/
ebola/23-october-2014/en/ (accessed Oct 27, 2015).

WHO. A system for the prequalification of vaccines for UN supply.
2014. http://www.who.int/immunization_standards/vaccine_
quality/pq_system/en/ (accessed Sept 2, 2015).

Boateng EK. Overview of regulatory perspective from AVAREF
representative. http://www.who.int/immunization/diseases/
ebola/10-AVAREF_Talk.pdf (accessed Oct 27, 2015).

Krause PR, Cavaleri M, Coleman G, Gruber MF. Approaches to
demonstration of Ebola virus vaccine efficacy. Lancet Infect Dis 2015;
15: 627-29.

US FDA. Assessing the safety of vaccines at the FDA: pre- and
post-licensure evaluation. Office of Vaccines Research and Review
Center for Biologics Evaluation and Research, US Food and Drug
Administration. http://www.who.int/immunization/diseases/ebola/
Finn_WHO_Sept_29_2014.pdf (accessed Sept 2, 2015).

WHO. 9th Annual Meeting of the African Vaccine Regulatory Forum
(AVAREEF). Pretoria, Nov 3-7, 2014. Recommendations. http://www.
who.int/immunization_standards/vaccine_regulation/avaref_
meeting_recommendations_14nov2014.pdf?ua=1 (accessed Oct 27,
2015).

US Food and Drug Administration. FDA briefing document.
Vaccines and Related Biological Products Advisory Committee
Meeting Licensure of Ebola Vaccines: demonstration of effectiveness.
Sept 15, 2015. http://www.fda.gov/downloads/AdvisoryCommittees/
CommitteesMeetingMaterials /BloodVaccinesandOtherBiologics/
VaccinesandRelatedBiological ProductsAdvisoryCommittee/
UCM461916.pdf (accessed Oct 27, 2015).

D’Agostino RB, Massaro JM, Sullivan LM. Non-inferiority trials:
design concepts and issues—the encounters of academic
consultants in statistics. Stat Med 2003; 22: 169-86.

Rid A, Saxena A, Baqui AH, et al. Placebo use in vaccine trials:
Recommendations of a WHO expert panel. Vaccine 2014; 32: 4708-12.
Greenwood B. The use of a placebo in vaccine trials. Lancet 2014;
383: 2101-02.

Ouandaogo CR, Yaméogo TM, Diomandé FVK, et al. Adverse
events following immunization during mass vaccination campaigns
at first introduction of a meningococcal A conjugate vaccine in
Burkina Faso, 2010. Vaccine 2012; 30: B46-51.

Black S, Eskola J, Siegrist CA, et al. Importance of background rates
of disease in assessment of vaccine safety during mass
immunisation with pandemic HIN1 influenza vaccines.

Lancet 2009; 374: 2115-22.

Orenstein LAV, Orenstein EW, Teguete I, et al. Background rates of
adverse pregnancy outcomes for assessing the safety of maternal
vaccine trials in sub-Saharan Africa. PLoS One 2012; 7: e46638.
Kruger M, Ndebele P, Horn L, eds. Research ethics in Africa: a
resource for ethics committees. Stellenbosch: Sun Press, 2014.

www.thelancet.com/infection Vol 16 January 2016



Personal View

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

43

45

47

Rid A, Emanuel EJ. Ethical considerations of experimental
interventions in the Ebola outbreak. Lancet 2014; 384: 1896-99.

Ali M, Sur D, You YA, et al. Herd protection by a bivalent killed
whole-cell oral cholera vaccine in the slums of Kolkata, India.

Clin Infect Dis 2013; 56: 1123-31.

Chao DL, Halloran ME, Longini IM. Vaccination strategies for
epidemic cholera in Haiti with implications for the developing
world. Proc Natl Acad Sci USA 2011; 108: 7081-85.

Fenner F. Smallpox and its eradication. ] Epidemiol Community
Health 1989; 43: 92.

Levine H, Rishpon S, Huerta-Hartal M, Davidovitch N. Preventing
mumps outbreaks in confined settings: comprehensive ring
vaccination as a containment strategy. Hum Vaccin 2011;
7:1389-93.

Luquero FJ, Grout L, Ciglenecki I, et al. Use of Vibrio cholerae
vaccine in an outbreak in Guinea. N Engl | Med 2014; 370: 2111-20.
Poland GA, Grabenstein JD, Neff JM. The US smallpox vaccination
program: a review of a large modern era smallpox vaccination
implementation program. Vaccine 2005; 23: 2078-81.

Vawter DE, Gervais KG, Garrett JE. Allocating pandemic influenza
vaccines in Minnesota: recommendations of the Pandemic
Influenza Ethics Work Group. Vaccine 2007; 25: 6522-36.
Djingarey MH, Barry R, Bonkoungou M, et al. Effectively
introducing a new meningococcal A conjugate vaccine in Africa: the
Burkina Faso experience. Vaccine 2012; 30: 40—45.

WHO Ebola Response Team. Ebola virus disease in west Africa—the
first 9 months of the epidemic and forward projections. N Engl | Med
2014; 371: 1481-95.

Dhillon RS, Kelly JD. Community trust and the Ebola endgame.

N Engl ] Med 2015; 373: 787-89.

Elemuwa C, Kutalek R, Ali M, et al. Global lessons from Nigeria’s
ebolavirus control strategy. Expert Rev Vaccines 2015; 14: 1397-400.
Nasir S-G, Aliyu G, Ya'u I, et al. From intense rejection to advocacy:
how Muslim cerics were engaged in a polio eradication initiative in
northern Nigeria. PLoS Med 2014; 11: 1001687,

Nwaze E, Mohammed AJ. An impact evaluation of the engagement
of traditional and religious leaders in the Nigerian polio eradication
initiative. Sch ] Med 2013; 3: 53-63.

The Lancet Infectious Diseases. Global harmonisation in vaccine
price. Lancet Infect Dis 2015; 15: 249.

Wellcome Trust/CIDRAP. Ebola Vaccine Clinical Trials-Team B
Situation Update. 2015. http://www.cidrap.umn.edu/sites/default/
files/public/downloads/ebola_vaccine_clinical_trials_team_b_
situation_update_aug_2015.pdf (accessed Sept 2, 2015).

Agnandji ST, Huttner A, Zinser ME, et al. Phase 1 trials of rVSV
Ebola vaccine in Africa and Europe—preliminary report. N Engl | Med
2015; published online April 1. DOI:10.1056/NEJMoa1502924.
Henao-Restrepo AM, Longini IM, Egger M, et al. Efficacy and
effectiveness of an rVSV-vectored vaccine expressing Ebola surface
glycoprotein: interim results from the Guinea ring vaccination
cluster-randomised trial. Lancet 2015; 386: 857-66.

Huttner A, Dayer J-A, Yerly S, et al. The effect of dose on the safety
and immunogenicity of the VSV Ebola candidate vaccine: a
randomised double-blind, placebo-controlled phase 1/2 trial.

Lancet Infect Dis 2015; 15: 1156-66.

Ledgerwood JE, DeZure AD, Stanley DA, et al. Chimpanzee
adenovirus vector Ebola vaccine—preliminary report. N Engl | Med
2014; published online Nov 26. DO1:10.1056/NEJMoa1410863.
Rampling T, Ewer K, Bowyer G, et al. A monovalent chimpanzee
adenovirus Ebola vaccine—preliminary report. N Engl ] Med 2015;
published online Jan 28. DOI:10.1056/NE]JMoa1411627.

Regules JA, Beigel JH, Paolino KM, et al. A recombinant vesicular
stomatitis virus Ebola vaccine—preliminary report.

N Engl ] Med 2015; published online April 1.
DOI:10.1056/NEJMoa1414216.

Zhu F, Hou L, Li ], et al. Safety and immunogenicity of a novel
recombinant adenovirus type-5 vector-based Ebola vaccine in healthy
adults in China: preliminary report of a randomised, double-blind,
placebo-controlled, phase 1 trial. Lancet 2015; 385: 2272-79.

WHO. Ebola vaccines, therapies, and diagnostics. 2015. http://www.
who.int/medicines/emp_ebola_q_as/en/ (accessed Sept 2, 2015).

www.thelancet.com/infection Vol 16 January 2016

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

Halloran ME, Longini IM, Struchiner CJ. Design and interpretation
of vaccine field studies. Epidemiol Rev 1999; 21: 73-88.

Ebola ¢a suffit ring vaccination trial Consortium. The ring
vaccination trial: a novel cluster randomised controlled trial design
to evaluate vaccine efficacy and effectiveness during outbreaks, with
special reference. BMJ 2015; 351: h3740.

Halloran ME, Struchiner CJ, Longini IM Jr. Study designs for
evaluating different efficacy and effectiveness aspects of vaccines.
Am ] Epidemiol 1997; 146: 789-803.

WHO. Ebola vaccine phase III clinical trial, Guinea. Next steps.
2015. http://www.who.int/medicines/ebola-treatment/vax_phase3_
next-steps/en/ (accessed Sept 6, 2015).

WHO. Guinea Ring Vaccination trial extended to Sierra Leone to
vaccinate contacts of new Ebola case. 2015. http://www.afro.who.
int/en/sierra-leone/press-materials/item/7962-guinea-ring-
vaccination-trial-extended-to-sierra-leone-to-vaccinate-contacts-of-
new-ebola-case.html (accessed Sept 6, 2015).

Cooper CL, Bavari S. A race for an Ebola vaccine: promises and
obstacles. Trends Microbiol 2015; 23: 65-66.

WHO. Draft framework for formulating recommendations for the
deployment of Ebola vaccines. 2015. http://www.who.int/
immunization/sage/meetings/2015/april/Rees_Ebola_Draft_
framework_SAGE_Apr2015.pdf (accessed Oct 27, 2015).

Callaway E. Successful Ebola vaccine provides 100% protection in
trial. Nature 2015; published online July 31. DO1:10.1038/
nature.2015.18107.

Wilson P. Giving developing countries the best shot: an overview of
vaccine access and R&D. Oxfam International. 2010. https://www.
msf.org.uk/sites/uk/files/Vaccine_Report_201005111518.pdf
(accessed Oct 27, 2015).

Hamidi A, Boog C, Jadhav S, Kreeftenberg H. Lessons learned
during the development and transfer of technology related to a new
Hib conjugate vaccine to emerging vaccine manufacturers.

Vaccine 2014; 32: 4124-30.

Milstien B, Gaulé P, Kaddar M. Access to vaccine technologies in
developing countries: Brazil and India. Vaccine 2007; 25: 7610-19.
WHO. Increasing access to vaccines through technology transfer
and local production. 2011. http://www.who.int/phi/publications/
Increasing_Access_to_Vaccines_Through_Technology_Transfer.pdf
(accessed Oct 27, 2015).

Heymann DL, Rodier GR, Ryan M]J. Ebola vaccines: keep the clinical
trial protocols on the shelf and ready to roll out. Lancet 2015;
385:1913-15.

WHO/UNICEF. Yellow fever initiative providing an opportunity of
a lifetime. One injection, full protection. 2010. http://www.who.int/
csr/disease/yellowfev/YFIbrochure.pdf (accessed Oct 27, 2015).
WHO. Vaccines and vaccination against yellow fever. WHO position
paper — June 2013. Wkly Epidemiol Rec 2013; 88: 269-84.

WHO. Oral cholera vaccine stockpile. 2013. http://www.who.int/
cholera/vaccines/ocv_stockpile_2013/en/ (accessed Sept 2, 2015).
Norheim G, Oftung F, Watle S, et al. Report to the Norwegian
Ministry of Health. Vaccine-based mitigation of the 2014 Ebola Viral
Disease (EVD) epidemic: gap analysis and proposal for Norwegian
initiatives. Norwegian Institute of Public Health, 2014.

Gilchrist SA, Nanni A. Lessons learned in shaping vaccine markets in
low-income countries: a review of the vaccine market segment
supported by the GAVI Alliance. Health Policy Plan 2013; 28: 838—46.
Plotkin SA, Mahmoud AAF, Farrar J. Establishing a global vaccine-
development fund. N Engl | Med 2015; 373: 297-300.

Berndt ER, Hurvitz JA. Vaccine advance-purchase agreements for
low-income countries: practical issues. Health Aff 2005; 24: 653-65.
Mansoor OD, Kristensen D, Meek A, et al. Vaccine presentation and
packaging advisory group: a forum for reaching consensus on
vaccine product attributes. Bull World Health Organ 2013; 91: 75-78.
The malERA Consultative Group on Vaccines. A research agenda
for malaria eradication: vaccines. PLoS Med 2011; 8: €1000398.

Lee BY, Burke DS. Constructing target product profiles (TPPs) to help
vaccines overcome post-approval obstacles. Vaccine 2010; 28: 2806-09.
Lambert WJ. Considerations in developing a target product profile
for parenteral pharmaceutical products. AAPS PharmSciTech 2010;
11: 1476-81.

e9



