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Background
Despite the availability of an effective vaccine, the global
burden of disease due to measles continues to be high
in young children. Although the coverage of the first
dose of measles vaccine improved dramatically in the
twenty first century, it is estimated that in the year 2008
approximately 100,000 deaths in children aged less than
5 years was attributable to measles [1,2]. Failure to
achieve universal coverage for at least one dose of
measles vaccine remains the key reason for these deaths.
Pneumonia is one of the most common fatal complica-
tions of measles [3]. In 2008, all World Health Organi-
zation (WHO) member states reaffirmed their
commitment to reduce the global measles mortality to
less than 75,000 deaths by 2010 (i.e. 90% reduction in
measles mortality compared to the year 2000) [4]. This
would in turn contribute to an overall reduction in bur-
den of disease due to childhood pneumonia.

The debate regarding the feasibility of achieving a
measles free world has been ongoing for the last two
decades. The meeting of the International Task Force
for Disease Eradication in June 2009 evaluated the avail-
able evidence for the potential eradicability of measles
and concluded with greater confidence (than at the pre-
vious meeting in 2002) that “measles eradication is bio-
logically possible using available tools…Research to
discover new tools or to improve existing ones is needed
to strengthen the arsenal against this contagious disease.
Any practical breakthrough in ways to mitigate any of
the current requirements to inject, provide 2 doses,
refrigerate measles vaccine, and to improve efficacy in
young infants, would be a major contribution to measles
eradication” [5]. Two of the major components of the
comprehensive strategy for measles eradication were
achieving and maintaining high coverage (>90%) with
the routinely scheduled first dose of measles-containing
vaccine (MCV1) among children aged 1 year and to
ensure that all children receive a second opportunity for
measles immunization (either through a second routine
dose or through periodic supplementary immunization
activities (SIAs)). However, to implement these strate-
gies in the field, a more simplified and effective delivery
method would need to be developed.

The injectable measles vaccine received its licensure in
1963 and since then worldwide vaccination programmes
have been employed in an attempt to control the disease
[6]. The existing vaccine has proved extremely efficacious
in the prevention of the disease. Between 2000 and 2007
global measles mortality declined by 74 percent with a 10
percent overall increase in vaccine coverage (estimated
worldwide coverage of the first dose of measles vaccine
in 2007 was approximately 82 percent) [1]. However, this
coverage is not uniform- there are wide disparities in

coverage among countries and pockets of poor coverage
remain within countries with overall coverage above 80
percent. In 2007, MCV1 coverage in WHO Africa and
South East Asia regions was 74% and 73% respectively [7]
– two regions particularly vulnerable to disease out-
breaks and which contribute to a substantial proportion
of the global disease burden of measles. WHO has identi-
fied 47 priority countries which account for the highest
percentage of measles deaths and have been made the
focus of a comprehensive strategy for a targeted disease
reduction [4]. As a result, researchers are exploring more
effective ways to achieve universal coverage of measles
vaccine amongst the poorer sections of the society in low
and middle income countries. One of the strategies
under consideration to improve delivery of the existing
measles vaccine is needhi



priorities in health research investments. The methodol-
ogy has been described in great detail [13-17] and
implemented in a variety of settings [18-23]. Briefly, the
method uses a set of pre-defined criteria and collects
expert opinion of all stakeholders on the risks and bene-
fits associated with investing in existing and / or new
interventions.

CHNRI exercise – stage I: Identification and selection of
studies
We applied the CHNRI method to estimate the poten-
tial impact of the aerosolized measles vaccines. We con-
ducted a systematic literature review using the following
criteria: answerability, cost of development, cost of pro-
duct, cost of implementation, efficacy and effectiveness,
deliverability, affordability, sustainability, maximum
potential impact on disease burden reduction, accept-
ability to health workers, acceptability to end users and
equity [13] (Figure 1). Details about the search strategies
are presented in Supplementary table 1 in Additional
file 1. The search was limited to Ovid MEDLINE,
Embase, Global Health, Web of Science, LILACS,
IndMed, and grey literature (SIGLE) databases from Jan-
uary 1994 to May 2009. (Although we updated the
search in January 2011, for Stage II of this exercise, the
experts were presented only with a summary of the lit-
erature from 1994 to May 2009). No language or publi-
cation restrictions were applied. In order to ensure
completeness, we also conducted hand searching of
online journals, scanned the reference list of identified
citations, and perused literature available on the web-
sites of pharmaceutical companies and international
agencies (GAVI and WHO).

We used a pre-determined eligibility criteria for
screening and including identified studies. In particular,
we included studies on aerosolized measles vaccine
derived from either Edmonston-Zagreb or Schwarz vac-
cine virus strains in children aged less than15 years;stu-
dies assessing other novel interventions against measles;
and studies addressing questions on answerability, effec-
tiveness, deliverability, disease burden reduction or
equity. We excluded studies reporting existing measles
interventions; use of measles vaccine in the adult popu-
lation; and not directly challenging the impact of
vaccines.

CHNRI exercise – stage II
We shared the initial review of the literature with 20
experts. The list of chosen experts included five leading
basic scientists, five international public health research-
ers, five international policy makers and five representa-
tives of the pharmaceutical companies. The 20 experts
were chosen based on their excellent track record in
child health research (but were not specifically involved

with measles disease research). We initially offered parti-
cipation to the 20 experts with the greatest impact of
publications in their area of expertise over the past 5
years (for basic researchers and international public
health researchers), or for being affiliated to the largest
pharmaceutical company in terms of vaccination pro-
gramme or international agency in terms of their annual
budget. For those who declined to participate (about
20%) replacements were found using the same criteria.
The policy makers and industry representatives accepted
our invitation on the condition of anonymity, due to
sensitive nature of their involvement in such exercises.
About half of the experts were either affiliated to insti-
tutions in developing countries or had previous experi-
ence of working in developing country settings. The
experts met during September 7-13, 2009 in Dubrovnik,
Croatia, to conduct the 2nd stage of CHNRI expert opi-
nion exercise. The process of second-stage CHNRI is
shown in Figure 2. All invited experts discussed the evi-
dence provided in CHNRI stage I, and then answered
questions from CHNRI framework (see Supplementary
table 2 in Additional file 1). Their answers could have
been “Yes” (1 point), “No” (0 points), “Neither Yes nor
No” (0.5 points) or “Don’t know” (blank). Their “collec-
tive optimism”





vaccination will generate immunity both locally in the
respiratory mucosa as well as systemically. In Eastern
Europe thousands of people have been immunized via
the respiratory mucosa, with live attenuated vaccine
against many infectious agents including anthrax and
small-pox [25].

One of the formulations of the aerosolized measles
vaccine proposes to use the same formulation as the
existing subcutaneous measles vaccine i.e. aerosolize the
liquid formulation of the current injectable vaccine. By
adopting this strategy, MAP has managed to avoid years
of investigations in attempting to reformulate the vac-
cine constitution [26]. Consequently, the development

process is limited to creating an innovative device which
can deliver the vaccine in a way that elicits an antibody
response of equivalent or greater immunogenicity to
that of the current vaccine.

Research efforts are also underway to produce an
inhalable dry powder vaccine. In one of these formula-
tions, the weakened measles virus will be mixed with
high-pressure carbon dioxide to produce microscopic



percent of infants seroconvert if the first dose of the
measles vaccine was given at 9 months, and over 99 per-
cent seroconvert if the first dose was given at or after 12
months [5]. The question is whether this response is
transferable to an aerosolized delivery system.

Two methods for the delivery of liquid aerosol vac-
cines are currently under trial. The inflatable bag aerosol
method, a concept introduced in 2009, has only com-
pleted proof of principle trials and has not yet entered
pre-clinical trials. The nebulized aerosol method has
completed phase I clinical trials and will shortly be
entering phase II/III clinical trials.

Robert Sievers and colleagues who have invented and
patented a device known as Carbon dioxoide Assisted





Intervention
The existing subcutaneous measles vaccine is associated
with some safety risks. In the developing world unsafe
needle practices put individuals at the risk of blood
borne viral transmission, including hepatitis C virus
(HCV), hepatitis B virus (HBV) and human immunode-
ficiency virus (HIV) [32]. Unsafe injection practices

comprise needle re-use, inefficient needle sterilization
and improper needle waste disposal. In addition, needle-
stick injuries within the healthcare profession are not
infrequent, carrying an equivalent risk of blood-borne
virus transmission. Approximately 3 million health
workers across the globe are injured by sharps contami-
nated with HBV, HCV or HIV annually [32]. The

Table 1 Summary of major clinical trials on aerosol measles vaccines presented to the expert group for stage II of the
CHNRI process

Reference MV Strain Age group Seroconversion as defined by authors

A.Dilraj et al [46] MV-Schwarz (s/c, aerosol),
MV- Edmonston-Zagreb (s/c,
aerosol)

992
participants
5-14 years

Seroconversion rates (defined as four fold increase in antibody level):
EZ Aerosol – 84.7%
EZ sc – 78.8%
SW Aerosol – 22.7%
SW sc – 62.6%

A.Dilraj et al [47] MV-Schwarz (s/c),
MV- Edmonston-Zagreb (s/c,
aerosol)

337
participants



nebulized device is designed to be easily administered.
This should lower training requirements for individuals
administering the measles vaccine [33]. Consequently,
this should enable a wider span of vaccine delivery, with
the potential to employ non-healthcare staff within rural
communities to distribute and deliver the vaccine. This
would significantly ease pressures on under-staffed
health care systems, such as most of those in the devel-
oping world. The oral polio vaccination campaign is one
good example of such vaccination strategies implemen-



showed that the dry-powdered aerosol was stable for at
least eight weeks at 37°C [27]. Cold chain facilities
maintenance costs are approximately $200-300 million
annually [32] and are responsible for almost one third
of the UNICEF’s annual budget for immunization [39].
If research could be directed at producing more vaccines
that did not require cold chain, vast savings could be
made. Additionally, without the limitations of cold
chain, the vaccine could be stored for expansive lengths
of time without degeneration and could be further dis-
tributed to remote areas with no cold chain facilities.

Based on these evidence, the panel of experts expressed
high levels of optimism (score around 80%) regarding
the deliverability of the aerosolized measles vaccine
(Figure 3).

Cost
MAP receives financial and technical support from sev-
eral agencies, most notably the Bill and Melinda Gates
Foundation, the American Red Cross, the WHO and the



which the funding gap stood at $176 million for the year
2009-2010 [4]. The existing measles delivery system is
affordably priced at $0.06 per dose. While the aerosol
device itself is more expensive, savings are expected to
be noticed in the returns gained from diminished blood
borne virus transmission. A recent cost-analysis model
estimated that the societal cost of inappropriate needle
use leading to blood borne virus transmission totals
$26.77 per injection [40]. It is presumed that, based on
this model, there will be cost-savings of an aerosol
device when the wider connotations of the current vac-
cine are factored in. A review assessing the potential
economic impact of introducing a thermo-stable vaccine
in Cambodia, Bangladesh and Ghana predicted its high
cost-effectiveness in all three countries [41]. Savings
would be made through reduced vaccine wastage, the
avoidance of adverse events from unsafe needle practice,
as well as savings from the subtracted cold chain
requirements [32]. Presented with these evidence, the
panel of experts expressed concerns (score around 50%)
over the ability to develop a low-cost aerosolized vac-
cine. However, given the very high level of interest in
the MAP from various funding agencies, the group felt
moderately optimistic (score around 60 percent) regard-
ing possiblity to make the vaccine available at a lower
price to the consumers in developing countries. They
also were moderately optimistic (score around 60 per-
cent) that the production and implementation cost of
the vaccine could be kept low. The low pricing should
also be sustainable, given the high level of commitment
of many donors towards measles elimination pro-
gramme (Figure 3).
Local and context-specific factors





emerging vaccines on childhood pneumonia. The
CHNRI methodology was primarily designed to evaluate
existing interventions and competing investment priori-
ties for health research. Even though we used the
CHNRI criteria, we modified it by including systematic
review of available literature and not involving all stake-
holders (e.g. end-users and health workers). The scores
reported in this paper express the collective opinion of a
panel of 20 experts. Although this could be pointed out
as a limitation, the main strengths of this approach are
that it aims to be objective, systematic, evidence based
and explicit.

Conclusions
To summarize, aerosolized measles vaccine presents an
unique opportunity to not only control and eliminate
measles morbidity and mortality in young children, but
also decrease the overall burden of disease due to severe
pneumonia in young children. Although there has been
considerable progress in achieving the vision of effec-
tively delivering measles vaccine through the respiratory
route, it will still be a few years before such a vaccine is
ready to be incorporated into the routine EPI pro-
grammes in high disease burden areas.
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