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The recent outbreak of Zaire Ebola virus in West Africa altered the classical paradigm of vaccine develop-
ment and that for emerging infectious diseases (EIDs) in general. In this paper, the precepts of vaccine
discovery and advancement through pre-clinical and clinical assessment are discussed in the context
of the recent Ebola virus, Middle East Respiratory Syndrome coronavirus (MERS-CoV), and Zika virus out-
breaks. Clinical trial design for diseases with high mortality rates and/or high morbidity in the face of a
global perception of immediate need and the factors that drive design in the face of a changing epidemi-
ology are presented. Vaccines for EIDs thus present a unique paradigm to standard development precepts.

� 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The recent outbreak of Zaire Ebola virus (EBOV) in West Africa
altered the classical paradigm of vaccine development. The rapid
pace of spread of virus through the capital cities of Sierra Leone,
Liberia, and Guinea, with cases doubling almost weekly through
the summer of 2014, and the potential for international dissemina-
tion, necessitated an alternative development schema. Through a
massive collaborative effort between government, academia and
the pharmaceutical industry, multiple vaccines and therapeutic
candidates were rapidly advanced into clinical development – with
two vaccines reaching advanced testing and a viral-vectored vesic-
ular stomatitis vaccine (VSV) [1,2] demonstrating protection of at-
risk individuals [3].

Alterations to the ‘‘normal” development cycle during the Ebola
outbreak included advancement into Phase II/III while Phase I
studies were being completed. Second, scale up of vaccine produc-
tion occurred ‘‘at-risk” and prior to large-scale safety and immuno-
genicity assessments. Third, and importantly was the need for
novel clinical trial study designs for Phase II/III studies in the face
of an ever changing epidemiology. The ring vaccination strategy
used for the VSV-EBOV vaccine utilized a staged approach whereby
immediate contacts of cases of Ebola virus infection were random-
ized to early (immediate) vs late (delayed by 21 days) inoculation
[3]. While clinical trials proceeded relatively quickly, early pre-
clinical development was significantly challenged by the lack of
funding which necessitated moving partially tested vaccines into
clinical practice during a period of increasing international panic
[4]. The Ebola vaccine trials were additionally challenged by ethical
concerns of whether and how to include a control arm, societal
mistrust of foreign entities conducting clinical trials, and the fact
that the Ebola outbreak was in decline by the time vaccine studies
commenced. Vaccine developers also had concerns regarding sig-
nificant costs related to vaccine development, production, and clin-
ical trial conduct for unknown commercialization potential.

Two newly emergent infectious diseases, the Middle East Respi-
ratory Syndrome Coronavirus (MERS-CoV) and Zika virus, present
additional difficult challenges for vaccine development. MERS-
CoV is a Group C betacoronavirus with a clinical presentation of
a rapidly progressive severe pneumonia, respiratory failure, renal
failure, neurologic compromise, and cardiac arrhythmias [5–7].
MERS shares many similarities with the Severe Acute Respiratory
Syndrome (SARS), a Group B betacoronavirus. However, whereas
SARS was considered highly lethal with a mortality rate of �10%,
the mortality rate for MERS is almost 40% - akin to the recent
2014–2015 Ebola epidemic. The epidemic potential for MERS-
CoV was made readily apparent in the summer of 2015 when an
outbreak in South Korea involving 186 individuals ensued from
an index case of a businessman returning from Saudi Arabia; 20%
of infected individuals died during the Korean outbreak, [8]. And
finally, Zika virus, discovered in the Zika forest of Uganda in
1947, was unknown outside of equatorial Africa and tropical
Southeast Asia until 2009 when it began its relentless spread East-
ward across the South Pacific [9–11], and eventually landing in
Brazil with reports commencing in March 2015 [12,13]. While Zika
virus infection is typically self-limited and may even be subclinical,
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causing a syndrome significantly milder than chikungunya or den-
gue, Zika’s propensity for neurologic complications such as the
Guillain Barré syndrome [14,15], as well as microcephaly and other
congenital abnormalities among fetuses for women infected during
pregnancy [16–18] has riveted international attention on this ill-
ness [19].

Each of these viral illnesses present distinct challenges to vac-
cine development and assessment (Table 1). Each has a different
epidemiology, distinct mechanisms of transmission, and target risk
groups. Clinical trial design and power calculations are intimately
related to both the attack rate as well as the fraction of the popu-
lation that are naïve to infection. One unique consideration with
each of these illness is the fact that the epidemiology of each out-
break was changing in real time that poses significant challenges to
trial design and implementation. These logistical and design con-
cerns need to be considered within the context of societal and local
mores that can affect the ability to conduct a clinical trial. In this
paper, we discuss some aspects of rational trial design that focuses
the Ebola, MERS-CoV, and Zika epidemic outbreaks as models for
vaccine development and alternative trial design.
2. What is an Emerging Infectious Disease?

Emerging Infectious Diseases (EIDs) have varied definitions. At
one end of the spectrum are infectious diseases that are well
known, but either a new genetic variant emerges or a previously
seen strain type gains the potential for novel or increased morbid-
ity. Examples include influenza H1N1 and the avian H7N9 influ-
enza with increased propensity for mortality, and the H3N2
variant outbreak that caused infection in age groups (40–59 years
of age) not typically associated with more severe illness. While
Ebola virus was not new, the 2014 outbreak involved a much
greater geography with a much higher potential for international
spread and could be technically labelled as ‘‘re-emergent”. Zika
virus infection is neither new, having been discovered in 1947,
nor re-emergent as it has remained endemic in Asia and Africa,
but has newly recognized comorbidities and complications as well
as spread into the Western Hemisphere. At the other end of the
spectrum are diseases such as MERS-CoV that represent com-
pletely new pathogens, as a genetically novel coronavirus discov-
ered in 2012 [20].

In contrast to influenza, for which live and killed vaccines and
production methods have been in existence for many decades, no
vaccine had advanced beyond exploratory human clinical trials
Table 1
Epidemiologic and study design related characteristics of Ebola, MERS, Zika.

Zaire Ebola virus MERS-CoV

Incubation
Typical 7–10 days 7–14 days
Range 2–21 days 2–21 days
Transmission Body fluid exposure Contact, droplet
Ease of transmission High Low to medium
Secondary cases All direct contacts of 1� case Some direct contacts of 1�
2� transmission risks Any contact with blood,

vomitus, diarrhea, saliva,
semen

HCW, contact with patient
viral load

Primary at-risk groups HCW, family, close friends HCW, close contacts (of se
Geography of cases West Africa; importation of ill

HCW to host countries
Arabian peninsula, North A

Goal for vaccine Prevention of infection Prevention of infection
Outcome of interest Prevention of mortality Prevention of severe pneum
Diagnosis PCR (serum) PCR (lower respiratory)
Commercial Dx assay Yes Yes
Correlates of protection Not defined Not defined
Timing of outbreak December 2013 - January

2016
Ongoing with periodic out
for Ebola and no vaccines had even been conceived for MERS or
Zika prior to the recent epidemics. The high mortality rate of Ebola
and MERS and the fetal malformations related to Zika, resulted in
international clamor for rapid development of vaccines and thera-
peutics. Among these three, Zika has a unique critical need for a
vaccine as the primary means to combat disease-related complica-
tions. For both Ebola virus and MERS, therapeutic small molecules
should be able to interrupt disease pathogenesis and morbidity as
Ebola has a 7–21 incubation period before the onset of clinical ill-
ness and MERS patients have between 1 and 5 days prior to clinical
deterioration following diagnosis that could allow an effective
therapeutic to abort infection. In contrast, for pregnant women
who present with Zika infection, diagnosis typically follows the
onset of rash and the peak of viremia and after fetal infection has
likely occurred. Thus, preventive measures for Zika are uniquely
reliant on an effective vaccine.
3. The need for speed and gaps in knowledge

Typical for all emergent and serious infectious diseases with
global potential is the desire for rapid vaccine development. How-
ever for many EIDs, there is likely only a rudimentary understand-
ing of disease pathogenesis and epidemiology at the outset which
can significantly slow vaccine development. A glaring indication of
the knowledge gaps at the time of Zika and MERS emergence is evi-
dent by a review of the number of publications listed in the
PubMed literature database prior to and after each disease was dis-
covered or re-emerged (Fig. 1).

For MERS the spike in literature began in the year following dis-
covery of the 1st cases in 2012. Notable is that the interest in SARS
coronavirus never completely abated since its discovery in 2002.
For MERS and SARS there have been almost 5000 publications. In
contrast, for Zika, while approximately 1600 papers have been
published from 1952 through 2016, greater than 90% have
appeared since January 2016 (Fig. 2). Prior to 2016 there were a
total of 0–3 articles published in a given year, with interest in Zika
increasing after 2014 outbreak in French Polynesia.

For both MERS and SARS, there have been critical deficiencies in
an understanding of the pathogenesis and epidemiology of infec-
tion. Although the pathogenesis of SARS had been well character-
ized in the decade since its discovery, many lessons were not
applicable to MERS. SARS was known to infect cells through bind-
ing to the angiotensin converting enzyme 2 (ACE2) [21,22]. The
fact that ACE2 is expressed widely in mammalian species allowed
Zika virus

7–10 days
Unknown
Arthropod (mosquito)
High (in endemic region)

case Regional (mosquito driven)
with high respiratory Sexual contacts, breast feeding, transfusion, droplet

(?)

verely ill patients) All residing in endemic region, sexual contacts
frica, South Korea South and Central America, Caribbean basin, South

Florida
Prevention of infection

onia Prevention of microcephaly
PCR (serum, saliva, urine), serology
No, EUA only
Not defined

breaks Ongoing transmission & spread
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Fig. 1. Number of publications listed in the PubMed database for SARS and MERS-CoV from 2003 through August 2016. Publications for SARS peaked in the two years
following the epidemic and have remained relatively constant over the ensuing decade. Publications for MERS were first noted the year after discovery and peaked the
following year. Data is adapted from PubMed; numbers are inclusive articles that may appear in a search for both viral diseases.
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Fig. 2. Numbers of publications listed in the PubMed database for the Zika virus 1952 through to August 2016. Total citations per each decade are listed for the years 1950
through 2013. Of the approximate 1000 total articles published, greater than 90% have been published in the current year (2016). Data is adapted from PubMed, with each
citation reviewed as to reference to the Zika virus.
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for murine and other mammalian animal models to assess candi-
date vaccines. In contrast, MERS is phylogenetically restricted to
primates, camelids, and bats binding to the cell surface dipep-
tidylpeptidase 4 (DPP4), which while universally expressed in
mammals, the receptor binding domain differs between suscepti-
ble and non-susceptible species [23]. This species restriction meant
that rodents were not a useful model system unless induced to
express primate DPP4 either through adenoviral transfection [24]
or gene exchange [25,26]. Transfected and transgenic mice while
permissive to infection have been suboptimal, whereas camels or
alpacas develop infection [27,28] but are expensive and represent
difficult model systems. Primates such as macaques [29,30] or
marmosets [31] develop self-limited illness but are expensive
and with multiple barriers to use.

MERS also demonstrated an epidemiology different from SARS.
While MERS presented a risk to health-care workers [32] similar to
SARS, other risk groups included those with exposure to camels
and those with direct contact with primary cases – albeit with a
lower efficiency of person-to-person spread [33,34].

Zika posed numerable challenges at its time of ‘‘rediscovery” in
2014. In 1947, Zika was already known to be transmitted by Aedes
species mosquitoes [35–37]. Study of Zika and its propensity for
neurologic illness were apparent due to the ability to cause disease
through direct intracranial inoculation of mice and resistance to
infection by other species regardless of the route of administration
[35]. In fact, neurologic consequences of disease have been known
for greater than 4 decades as a study published in 1971 demon-
strated histopathologic destruction of CNS tissue following infec-
tion of mice [38]. Of interest is that much of the history of Zika
had been forgotten or unread as was apparent in Center of Disease
Control and other health authority communiqués. ‘‘New” findings
for Zika were the novel modes of transmission: via sexual contact,
breast milk, direct contact, or via urine and/or saliva as either
implicated or proven [39–43]. And novel targets for comorbid ill-
ness: fetal brains causing encephalitis, fetal tissue, and the pla-
centa, all typically spared most maternal infections, yielding a
host of congenital complications [16,17,44–46].

4. Immune correlates of protection

For each of the three EIDs highlighted here, the immune corre-
lates of protection were unknown at the outset of each outbreak
and are not completely understood even now.

Each of these diseases poses unique challenges in developing a
comprehensive understanding of the pathogenesis and immunity
of disease. For Ebola, the high mortality rate and rapid clinical
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course of infection posed severe limitations to specimen collection
during the course of illness. The lack of early serum and peripheral
blood mononuclear cell (PBMC) samples meant that immune cor-
relates of survival could not be discerned. The availability of sam-
ples only after clinical deterioration meant that cytokine profiles
and cellular findings caused by viral infection or resulting from
clinical illness itself could not be differentiated. For Ebola there
was the added concern of safe collection and storage of specimens
because of the risk of transmission to lab personnel. MERS had a
similar mortality rate and rapid course of illness that presented
similar barriers to the collection of samples early in disease. Also,
for both MERS and Ebola, there were societal and cultural impedi-
ments to the collection and storage of specimens.

Neutralizing antibodies are generally considered as the hall-
marks for protective immunity for each of these viral illnesses.
However, studies presented to date raise question as to validity
of this assumption. For example, a clinical trial was completed that
compared supportive therapy (standard of care, SOC) to SOC plus
the use of hyperimmune, convalescent serum taken from recov-
ered patients for the treatment of Ebola virus infection [47]. The
study showed no survival benefit for those administered hyperim-
mune serum. One limitation of the study was that the concentra-
tion of neutralizing antibodies in donor serum was unknown. For
MERS, the development of neutralizing antibodies does not predict
viral clearance [48] although one small study did suggest a poten-
tial correlation between neutralization titers and outcome [49].
Importantly, indirect evidence against a role for neutralizing anti-
bodies to protect against future disease is the observation that new
infections continue to be documented for those with camel expo-
sure (http://www.moh.gov.sa/en/CCC/PressReleases/Pages/statis-
tics-2016–08-8–001.aspx), a group for whom repeated and
ongoing exposure should be the norm and for whom immune
responses against MERS are well documented [50]. While the B-
cell response against coronaviruses such as SARS quickly over time
[51], MERS antibodies are detected up to three years post-infection
in most [52]. Whether the latter represent neutralizing antibodies
was not specified. Immune correlates of Zika virus protection are
still being elucidated, but protection of immunocompetent mice
from viremia with binding antibodies alone was suggested by
one DNA vaccine study that yielded minimal neutralization titers
[53].
5. Vaccine design – the benefits of a platform technology

In contrast to traditional live and killed virus vaccines and sub-
unit vaccines, many newer vaccine platforms are characterized by
more easily alterable target antigens. Of these, DNA vaccines may
be the most mutable and able to meet rapid timelines required
to respond to new emerging threats. Other rapidly ‘‘tunable” sys-
tems include protein based systems that generate include virus
like particles (VLPs), chimeric live viruses, and RNA vaccines. Each
will be discussed briefly with regard to speed and technical barri-
ers to adaption to new threats and are summarized in Table 2.

Live viral virus vaccines include those for measles, mumps,
rubella, polio (Sabin vaccine), varicella, and zoster vaccines. Killed
virus vaccine examples include those for influenza and polio (Salk
vaccine). Subunit vaccines include both protein based and carbo-
hydrate based such as the pneumococcal vaccines. Challenges
include limitations in growth of viral strains that may limit vaccine
production (as occurred during the H1N1 influenza outbreak),
assurance that live vaccines do not contain virulent back-
mutants (polio), and that for live vaccines that care is taken with
the ability of an attenuated vaccine strain to cause disseminated
infection in those with altered host immunity (vaccinia). Subunit
vaccines, primarily used for bacteria, require growth of the target
organism and separation and purification of the requisite antigen
which introduces requirements for adequate growth, precaution
against contamination of the growth media, and assurance that
bacterial or viral components such as endotoxin are not present.

Live viral recombinant vaccines offer greater development
speed. Viral vectors such as the modified Ankara strain of vaccinia
virus (MVA), the bovine vesicular stomatitis virus (VSV), various
adenoviral (Ad) serotypes, as well as an attenuated and modified
measles virus have been used to create vaccine candidates against
Ebola, MERS, Zika, HIV and others. Many have the advantage of
rapid immunogenicity following a single vaccine administration
– which was key to the success of the VSV Ebola vaccine [3]. The
respective viral vectors are modified to contain gene inserts of
the target viral outer proteins allowing for rapid creation of vaccine
candidates. Viral vectored vaccines are, however, associated with
febrile and inflammatory responses that may be symptomatically
limiting. Additionally, some viral systems have unique adverse
effects that have unknown long-term consequences. For example,
adenoviral vectors can induce lupus anticoagulants a complication
reported for 20% of participants who received the chimpanzee Ad3
(ChAd3) Ebola vaccine [54]. Although no thrombotic events were
observed, the period of follow-up was short and resolution of the
autoantibody was not reported. Finally, the safety of live viral vec-
tored vaccines in those with underlying immune diseases is
unknown.

Virus like particles (VLPs), while similar to traditional subunit
vaccines, are generated either through genetically modified host
organisms, such as yeasts, or cellular expression systems that
excrete the target antigen at high quantities. Similar to viral vec-
tored vaccines, there can be rapid alteration in target antigens
through DNA design modifications. VLPs have a well characterized
safety profile. The key challenge to VLPs is to ensure appropriate
post-translational protein folding to ensure exposure of appropri-
ate conformation of immunogenic epitopes and assurance that
the various proteins are not themselves allergenic. The two pro-
phylactic vaccines for human papilloma virus (HPV) are VLPs of
the viral L1 capsid protein.

Finally, nucleic acid vaccines and specifically DNA vaccines are
becoming a significant area for development. The time to generate
new vaccine candidates is limited only by the time to design a new
DNA insert. With advances in DNA vector design, manufacture, and
delivery systems having significantly advanced over the past two
decades, there is great promise for this technology as the critical
component of vaccine armamentarium. DNA vaccines have
advanced through Phase II for the treatment of precancerous
lesions due HPV [55] and have shown great promise for Ebola virus
in a Phase I clinical trial [56] as well as preclinical data for Ebola
[57], MERS [29,30], West Nile virus [58–61], and other EIDs. DNA
vaccines have had excellent safety profiles and have not been asso-
ciated with allergic reactions. The key hurdles for DNA vaccines is
to ensure delivery in a manner to generate high levels of protective
immunity and to overcome the psychological barrier imposed by
the fact that no DNA vaccine has yet achieved licensure. RNA vac-
cines are still considered in their infancy with significant chal-
lenges in delivery and stability.
6. Clinical trial design amid a changing epidemiology

All three of the EIDs discussed here have experienced a chang-
ing epidemiology during their respective epidemics. This varying
disease landscape critically affects clinical trial design. Since study
size of Phase II and Phase III clinical trials are critically dependent
upon the event rate, it requires careful consideration of how to
maximize the number of infections. For EIDs (and for any other
infection), it is important to be able to exclude individuals who
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Table 2
Comparison of vaccine platforms.

Characteristic Attenuated virus Inactivated virus Vectored viral VLP/protein DNA RNA

Platform experiencea Classical Classical In development Classical In development In development
Vaccine-associated risk of infectionb Present Present Present Low Low Low
Reliance on viral growthc Present Present Present Absent Absent Absent
Epidemic response timed Slow Slow Rapid Moderate Rapid TBD
Stability of vaccine High High High High High TBD
Adverse eventse Moderate Moderate Moderate Low Low TBD

a Experience with the respective platform is based on the clinical experience of FDA approved vaccines in each group. Protein vaccines such as those for pneumococcal
pneumonia and the human papilloma virus (HPV) VLP vaccine would be considered as ‘‘classical”, whereas newer approaches such as nanoparticle vaccines in development
for respiratory syncytial virus (RSV) are non-classical. Vectored viral vaccines as well as nucleic acid technologies have less clinical experience and/or are in clinical
development.

b Vaccine-associated risk of infection refers to the ability of the vaccine components to cause disease. In the case of inactivated or attenuated virus, the risk pertains to the
known risk for back-mutations to a virulent state, incomplete inactivation, or contamination of an attenuated viral stock with virulent virus.

c The reliance on viral growth is based on whether the replication efficiency of the vaccine strain or chimeric vaccine candidate is a factor in the speed of vaccine
production.

d Epidemic response time refers to the total time to bring a new vaccine into clinical trials and includes vaccine design as well as production. It is, however, noted that there
has been significant improvement in protein expression systems in recent years.

e Adverse events relate to known vaccine-associated reactions including viral-like infections as well as more unique reactions such as development of a lupus anticoagulant
observed with adenoviral vectored vaccines.
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have prior disease exposure and/or who become infected after
enrollment but prior to when immunity is expected to develop.
With a changing ecology and epidemiology, one needs to consider
the future rather than the present dynamics of such epidemics.

For Ebola, MERS, and Zika clinical trial designwas and is affected
by a declining event rate. For Ebola, while the early part of the epi-
demic was associated with an almost geometric rise in cases, by the
time vaccine trials commenced in West Africa, the outbreak was in
decline and only the ring vaccination trial sponsored by the World
Health Organization in cooperation with Merck that enabled the
rVSV-Ebola vaccine to achieve an efficacy signal [62].

For MERS, it is postulated that a similar study design will likely
be needed with two target groups: health care workers (HCWs) at
hospitals for those hospitals in Saudi Arabia treating MERS cases
and household contacts of primary cases. Any study among HCWs
may be offset by a high baseline seropositivity rate from prior
exposure, whereas a household study is limited by a low person-
to-person transmission rate coupled with a poorly understood
mechanism by which MERS spreads in such environments. An
additional concern is that overall case numbers for MERS have
declined significantly since 2013 when nosocomial outbreaks were
commonplace.

Finally, Zika poses a unique challenge as rapid and widespread
infection can result in significant herd immunity as was seen in
Yap Island and French Polynesia with outbreaks that lasted 3 and
4 months, respectively [9,63]. While the outbreaks in Columbia
and Brazil continue, both countries have experienced a dramatic
drop in new cases and both countries have announced the end of
their respective epidemics. Thus, for a disease such as Zika it is
imperative to conduct clinical trials at the leading edge of the epi-
demic – which poses logistical challenges since one needs to estab-
lish clinical sites at sites where the epidemic will be in 6–
12 months from when planning is occurring.
7. Ethics of a control group

The final topic that will covered, albeit briefly, is the ethics of a
control group. Assessment of vaccine efficacy is dependent upon
being able to compare vaccine recipients to those receiving pla-
cebo. During the Ebola outbreak, late phase vaccine and therapeu-
tic trials were complicated as to consensus of what constituted an
adequate control arm against which to measure efficacy and
whether it was ethical to even include a control arm [62]. The com-
peting needs of therapeutic intervention versus proof of therapeu-
tic efficacy stymied decision making. As one cannot predict efficacy
a priori, the need to control for response related to vaccine is
imperative. The compromise reached as part of the ring vaccina-
tion trial was to randomize primary cases into immediate versus
delayed (by the 21 day incubation period for Ebola) groups. The
study met study goals and was terminated early [3].

A similar ethical discussion will need to occur for MERS which
also has a high mortality rate (�40%). A potential study design
would be to enroll for a HCW trial across multiple hospitals allow-
ing for ‘‘early” versus ‘‘late” study sites. The ‘‘late” hospitals would
serve as controls for ‘‘early”. However, determination of the order
of when hospitals are started into the trial for the active
vaccination phase will require significant local discussion and
agreement.

For Zika, including a control arm for a basic protection study
should be straightforward – as the disease is short-lived and with-
out sequelae for most. The critical decision point would be how to
address vaccination in pregnant women. Leaving aside any safety
concerns of vaccinations during pregnancy, the ethical dilemma
is whether or how to include a control group if a vaccination pro-
gram is conceived for this risk group. There is a growing consensus
that in pregnancy, one only needs to demonstrate safety while
relying on a proof of efficacy among non-pregnant individuals. Eth-
ical concerns still may exist for an alternative study whereby
reproductive age women are targeted for primary vaccination
and then randomized into booster versus no booster at the time
that pregnancy is diagnosed.
8. Paradigm for vaccine development for EIDs

In this paper we delineated those considerations important for
clinical trial design for a vaccine targeting EIDs. Ebola, MERS, and
Zika virus were chosen as paradigms of three EIDs as current with
each disease having a unique set of ethical, epidemiologic, and
treatment challenges. Based on the case studies presented above,
a paradigm for EID vaccine development can be constructed and
is outlined below.

First and foremost is that a careful understanding and analysis
of the epidemiology of an EID needs to be completed. For both
the MERS and Zika virus epidemics, epidemiologic studies occurred
(or are being conducted) in parallel with vaccine development. It is
also key to understand the ‘‘micro-epidemiology” of disease. For
example forMERS, while certain areas of Saudi Arabia are known
as ‘‘hot spots” for disease, the random nature of new cases and
spread within new environs raises critical logistical considerations
for a ring vaccination study design. And for Zika, it is known that
within cities and regions transmission and incidence rates may
vary widely from neighborhood to neighborhood – again posing
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challenges to clinical trial design. Additionally, one needs to detail
key risk groups for disease transmission and whether these groups
differ from those at most risk for illness or disease complications.
For example, for Zika while all are considered at risk within ende-
mic regions, vaccination will be targeted to women of child-
bearing potential and their sexual partners. And finally, it is critical
to be able to determine which individuals have pre-existing immu-
nity prior to enrollment into clinical trials.

When designing a clinical trial, it is imperative to have full
stakeholder involvement in clinical trial design. This will enable
discussion to mitigate against misunderstanding of outcomes,
expectations, and fears of the vaccine itself. Education programs
geared towards locals must be developed. And most importantly
is to determine the pros and cons of a placebo control group and
how the trial design can be modified based on knowledge acquired
during the early phases of study implementation. The latter cannot
be stressed enough since unlike ‘‘classical infectious diseases” for
which the epidemiology is understood prior to study commence-
ment, the epidemiology and knowledge base of EIDs may change
during the course of the study which may require design changes
in real time.
9. Conclusions

In this paper we have reviewed and discussed the key chal-
lenges and barriers to vaccine development for EIDs and have dis-
cussed some general approaches both technical and ethical as to
rational vaccine and clinical trial design. EIDs will continue to be
discovered and the ability of the scientific community to adapt
and respond to these will continue to evolve over time.
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