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Abstract

Background: Staphylococcus aureus is a commensal of human skin and nares. It is also one of the leading
nosocomial pathogens in both developed and developing countries and is responsible for a wide range of life
threatening infections, especially in patients who are immunocompromised, post-surgery, undergoing
haemodialysis and those who are treated with catheters and ventilators. Over the past two decades, the incidence
of nosocomial staphylococcal infections has increased dramatically. Currently there are at least seven vaccine and
immunotherapy candidates against S. aureus in the developmental phase targeting both active and passive
immunization.

Methods: We used a modified CHNRI methodology for setting priorities in health research investments. This was
done in two stages. In Stage I, we systematically reviewed the literature related to emerging vaccines against
Staphylococcus aureus relevant to several criteria of interest: answerability; cost of development, production and
implementation; efficacy and effectiveness; deliverability, affordability and sustainability; maximum potential impact
on disease burden reduction; acceptability to the end users and health workers; and effect on equity. In Stage II,
we conducted an expert opinion exercise by inviting 20 experts (leading basic scientists, international public health
researchers, international policy makers and representatives of pharmaceutical companies) to participate. The policy
makers and industry representatives accepted our invitation on the condition of anonymity, due to sensitive nature
of their involvement in such exercises. They answered questions from CHNRI framework and their “collective
optimism” towards each criterion was documented on a scale from 0 to 100%.
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cost of product, cost of implementation, efficacy and
effectiveness, deliverability, affordability, sustainability,
maximum potential impact on disease burden reduction,
acceptability to health workers, acceptability to end
users and equity [19] (Figure 1). Searches were con-
ducted initially in July 2009 (and updated in April 2010)
and were limited to Ovid MEDLINE, Web of Knowl-
edge, Google Scholar and Cochrane central register for
controlled trials. No language or publication restrictions
were applied. In order to ensure completeness, we also
conducted hand searching of online journals, scanned
the reference list of identified citations, and checked lit-
erature available on the websites of pharmaceutical
companies (Inhibitex Inc., Merck, Nabi Biopharmaceuti-
cals, Neutec Pharma Ltd. and Biosynexus) and interna-
tional agencies (GAVI, WHO, UNICEF and Pneumo
ADIP). Details of the search strategies used are pre-
sented in Additional file 1.

CHNRI exercise – stage II: an expert opinion exercise
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 staphylococcal disease research). We initially
offered participation to the 20 experts with the highest
impact publications in their area of expertise over the
past 5 years (for basic researchers and international pub-
lic health researchers), or to individuals who were
affiliated with pharmaceutical companies that had large
vaccination programmes or working in large-budget
international agencies. For those who declined to parti-
cipate (about 20%) replacements were found using the
same criteria. The policy makers and industry represen-
tatives accepted our invitation on the condition of anon-
ymity, due to sensitive nature of their involvement in
such exercises. About half of the experts were either
affiliated to institutions in developing countries or had
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an antigen has been tested for many years. However, in
the case of S. aureus, none of the surface proteins that
were tested as an antigen were found to be essential
components of the pathogen. There is a high level of
redundancy in the virulence protein range. Such redun-
dancy makes the loss of a specific protein non fatal in S.
aureus. Iron regulated surface determinant B (IsdB), an
iron-sequestering protein, is conserved in diverse S. aur-
eus clinical isolates, both methicillin resistant and methi-
cillin sensitive. IsdB is expressed when there is iron
limitation and has a role in the acquisition of iron [28].

IsdB was first identified as a candidate antigen by Etz and
colleagues [29]. It has been reported that although IsdB is
not an essential protein for S. aureus in vitro and loss of
this protein results in a reduction in virulence in vivo,
which makes it an attractive vaccine candidate [28].
Merck`s new vaccine V710 contains IsdB protein antigen.

Presented with this evidence, the panel of experts
expressed a low level of optimism (score around 40%)
regarding the ability of vaccines for active immunization
against S. aureus to satisfy the criterion of answerability
(Figure 5).



Passive immunization approach



Efficacy and effectiveness
Active immunization
CP5 /CP8 Conjugate vaccines (StaphVAX, TriStaph,
PentaStaph) The first phase III clinical study of the
StaphVAX vaccine conducted on 1804 haemodialysis
patients showed mixed results [35]. Although the study

population comprised of extremely immunocompromised
patients, the vaccine elicited antibody response levels of at
least 80 µg per millilitre (the estimated minimal protective
level) in 80% of patients for CP5 and in 75% of patients for
CP8. However, the efficacy was not sustained. The efficacy
during weeks 3 to 54 was only 26%.



This study confirmed, for the first time, the concept
that capsular antibodies can afford protection against S.
aureus infections. However, in these severely immuno-
compromised patients a different regimen that can sus-
tain high levels of antibodies beyond one year is needed.
A confirmatory Phase III clinical trial with 3600 haemo-
dialysis patients was conducted and included a booster

immunization at 8 months following the first immuniza-
tion. The confirmatory phase III study reported no sig-
nificant protection against S. aureus. The failure was
attributed to slight changes in manufacturing that
resulted in a suboptimal antibodies generated by the
vaccine. A press release by Nabi (http://www.nabi.com)
dated 21 March 2006 stated : “The quality or functional
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least one serious adverse event. The safety data from
this clinical trial and preliminary clinical data support
continued clinical development. More trials are needed
to evaluate efficacy of this product.



relatively low level of maximum impact (3 to 5 percent)
on disease burden due to childhood pneumonia (Figure
5 and Figure 6).

Deliverability, affordability, sustainability and cost
Deliverability and sustainability of any new vaccine strat-
egy depends on the infrastructure and resources
required to deliver the vaccine. Most of the vaccines
need cold storage facilities. In many developing coun-
tries the cold chain system is breaking down. A study in
Ethiopia found 31% of the equipment to be non-func-
tional, with a large number of items having exceeded
the manufacturer’s recommended working life [59]. So a
heat stable S. aureus vaccine could achieve a high cover-
age even in the hard to reach areas of the developing
countries. However, we were unable to find any reports
which would suggest that the candidate vaccines pre-
sently under development are using technology that can
retain the potency and efficacy at elevated temperatures.
Storage is another key issue which needs to be taken
into consideration while designing any vaccination pro-
gram. The newer vaccines are often single-dose presen-
tation in pre-filled glass syringes and bulky packaging
which need more storage space. Although none of the
staphylococcal vaccines are ready for licensure at this
point of time, manufacturers will need to take these fac-
tors into consideration while designing the packaging
for the newer vaccines.

As discussed earlier, an effective staphylococcal vacci-
nation strategy will require quite a different immuniza-
tion program and this is likely to increase the
complexity of vaccine delivery mechanism in developing
countries. Some have advocated that if an effective vac-
cine is developed it should be used in all children to
prevent any type of staphylococcal disease. The recent
increase in community-associated MRSA in children
with no predisposing risk factors e.g. healthy newborns
and young adults, and increase in the prevalence of S.
aureus colonization in the general population support
such argument [60]. However, it will remain a challenge
to develop a staphylococcal vaccine that would be cross
protective against multiple strains as well as strains
which are of the same serotype but express antigens dif-
ferently under the same conditions.

Another important factor determining the deliverabil-
ity of a vaccine is cost. However, different initiatives
have emerged recently to help the uptake of newer vac-
cines by developing countries. In 2007, WHO and
PATH, with the support of the Bill & Melinda Gates
Foundation, launched Optimize – a global effort to help
countries manage immunization logistics. The Interna-
tional Finance Facility for Immunisation (IFFIm), a mul-
tilateral development institution, has been created to
accelerate the availability of predictable long term funds

for health and immunization programmes through the
GAVI Alliance in 70 of the poorest countries in the
world. Another similar initiative is Advance Market
Commitment (AMC). Established in 2005 by the Center
for Global Development and carried forward by five
bilateral donor governments, the Bill & Melinda Gates
Foundation, the GAVI Alliance, and the World Bank,
the AMC aims to stimulate the development and manu-
facture of vaccines especially suited to developing coun-
tries. With the help of these initiatives it is hoped that
the time delay between the introduction of new vaccines
into developed and developing countries can be reduced.

Based on all available evidence the expert group
expressed a moderate level of optimism (score about
60%) in the ability to develop a low cost intervention for
active and passive immunizations against staphylococcus
(Figure 5 and Figure 6). However, they expressed low
levels of optimism (scores below 40%) that these inter-
ventions would have low production and implementa-
tion costs, which would have a direct impact on
affordability, deliverability (more for passive immuniza-
tion) and sustainability.

Acceptability and equity
While assessing the impact of a new intervention on



the research priorities that should be given to emerging
interventions against S. aureus. The scores for both
active and passive immunization interventions against
the set criteria represent the collective optimism of a
panel of experts drawn from varying technical back-
grounds and affiliations. Although several S. aureus vac-
cine candidates are currently in pre-clinical and clinical
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