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An evaluation of the emerging vaccines and

Immunotherapy against staphylococcal
pneumonia in children
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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.
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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. I1sdB 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
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Active immunization

CP5 /CP8 Conjugate vaccines (StaphVAX, TriStaph,
PentaStaph) The first phase Il 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 pg 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%.



Passive immunization against S. Aureus

Sustainability
Acceptance to health workers
Acceptance to end users

Impact on equity

0.00 0.20

0.40 0.60 0.80 1.00

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 11l 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 Il 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).

Di ¢ b . e gmib ¥ siowib | 9ges,
Dellverablll¥y 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.

Afs Pto’lj o ?a oY R
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



http://www.biomedcentral.com/content/supplementary/1471-2458-11-S3-S27-S1.doc
http://www.biomedcentral.com/1471-2458/11?issue=S3

(he man§ PR N Pagi p%%inthedeégn.fthe%ud ,C.I’)[i"QJTp% o
daaelléjenany preparag.n.ftherew@ marm?rpt.%T Parii Pa gy in
da’gn.fthestud 43 ellEjen 5 g dandisggainelregon
any © i< dl, rej e ey che man S iR LZ Pap€i pa(@jmthedes'gn.f he
study,da(ae/.\lgg.n,da[ac.\lég.n any “ij- dl reje g  he marm§t'rF%.
AR ay yRC.r{'rQJt%t.d§aiqerpreiag.nara i~ d re\i/ew.fthe
mu§ iR, Ray ol & g o he sug ,patgci Pa[%ini erau re
reje g3t ellEiengaanePcden ajC it al reje g drdsd
[y 47 ollefang 3ol ferPiqqon a1 dly e @ rdsd
;he nau rP[.AI a hers regy any appr.vegjthema\ man rpt.

(.ITFI\ Qi ¥ kS . o

T, NET,LZ R, vapy Ry & Iaret ha(the have ) rT’Pq nineress.
A hej e of B s PaPer AF o enp?/. @ b, Na?

Bo Phar 18 & €85 IF hisinel i, hey e e P Hen o Pag

° { W ! @ 1N hey eveb V'TE%. U™ ¢S

a &g Staphylococcus aureus @ sy er)[\y & %i rgy > SK).

Published: 13 April 2011

Rf epmes
B& LR, vgisers SJehmen L La nk Rgan, Bassan 9 J ha P,
vanPodl , Waller oF, i Isks REiseleT, i LM g hers v Global,
regional, and national causes of child m9rta|ity in 2008: a systematic
analysis. Lancet 2.4, 375(9730). 9 9- 98",

2. le ., M Staphylococcus aureus fAfections. N Engl J Med . 998,

339(8) 52(-532.

3. Leel » The prospects for developing a vaccine against Staphylococcus
aureus. Trends Microbiol , 99 , 4(4) . 2-. .

4 Safiey M®, Wy mer AF, BafeM) ) ¢hes ®N, Menzel RP Efficient detection
and long-term persistence of the carriage of methicillin-resistant
Staphylococcus aureus. Clin Infect Dis , 994, 19(6) . 23-, , 28.

5. National Nosocomial Infections Surveillance (NNIS) System Report, data

summary from January 1992 t/o June 2002, issued August 2002. Am J

Infect Control 2442, 30(8) 458-4"5.

R ns enk, KelléM Na h n® -Pneumonia caused by methicillin-

resistant Staphylococcus aureus. Clin Infect Dis 2448, 46(Suppl 5)5378-385.

K.Hé!\/l Meorlg WlE , Neyer manM S, LeePer K/, Anzi Ge A, Renz—§.tt L,

Regi ne B Clinical characteristics and treatment patterns among patients

with ventilator-associated pneumonia. Chest 2((_, 129(5).2. (-, 2. 8.

8 S hif er A, LeeJ  ‘Staphylococcal vaccines anoEimmunotherapies. Infect
Dis Clin North Am 2049, 23(1).53-.°..

0, Arba‘zt P Karaka \’\QVann ¥, Re 0 rsJ B Predominance of two

newly described capsular polysaccharide types among clinical isolates of
Staphylococcus aureus. Diagn Microbiol Infect Dis , 984, 2(2) 85-9, .

" S rdver v, \‘ng MK, ;arlﬁ.n A, Peyrear Re inrg ¢ N F, aler BL,

vha nbers  F Intermediate vancomycin susgeptiblllity in a community-

associated MRSA clone. Emerg Infect Dis 244", 13(3) 49, -493.

Zu W ark NeMPgiga LK, ayeman) M®qnay Ly, Pacl) B

Vancomycin-resistant Staphylococcus aureus isolates associated with

Inc18-like v.ay]A plasmids in Michigan. Antimicrob Agents Chemother 2048,

52(2) 452-45°.

2. KaPii L, Te niirsgnM , vhgPraM E1 Aif een 'S, BIS k B, Riq an | Setting
priorities in global child health r;search invest/ments: addressing values
of stakeholders. Croat Med J 2((", 48(5) -, 8- 2"

.3. Rgan, The complex challenge of settﬁlg y§riorities in health research
investments. Indian J Med Res 2449, 129(4) 35, -353.

.4 Rgan I vhe PraM , KaRii LSi DsgnJ, Ann Larsany M, varnérg |,

Arerau rga S,Tsa Av, vhan Y Tg nhrsgnM, ess &, va npOel‘ El

Aif een S, BI§ kB Setting priorities in global child health research
investments: ury’ver;al challenges and conceptual framework. Croat Med
J2048,49(3)3°3. .

5 Rigan ElAfeensS B LE, vanPoel Childhood pneumonia and

diarrhoeaz‘setting our priorities right. Lancet Infect Dis 244", 7(1) 56— ..

Rig an |'€‘ DsgnJ, Kalir L, Larsarg M A, Qfjger AA, La WnJ ar S tc L,

SN

6 ve sers S, Bl a 74, by wn K, es 9, B8 M S aynerM, \‘eb%erj ,
vameie |, vhanpy rarghan®, KgsekM , Lang a «F, Tg nhrsgnM , why PraM ,
Arerau r a S, vanPoell £ Afeen S, BlS kB Setting priorities in
global child health reseay:h investments: assessment of principles and
practice. Croat Med J 241", 48(5) 595- (4,

Bahl RM aj nesJ AN, BhanM K, yaﬁ.l \‘, vhan K @ ar g @ .,
anmer® La nE MMillan®® Mg han P, Pa IV, Tsa A;,\Agt. ra®,
Weoermt W, Zigi AK Rig an Research priorities to reduce global

A,

22.

23.

24.

25.

. T rivrsg nM , Rig an

mortality from newborn infections by 2015. Pediatr Infect Dis J 2449, 28(1
Suppl) $43-48.
F.r}a'me,/» . kgsekM , Bha nag ar S, B fi R Ne v vhan K‘(,“ugg an v,
M agj nez RDérg , Rell ms Ny, Salamv A, SarpeshanM, Sn@ er¥,
Tsa Av,Var as B, Rig an ‘Setting research priorities to reduce
global mortality from childhood diarrhoea by 2015. PLoS Med 2449,
6(3) 4, .
Rig an Sibsgn)L, Aner
BS k Fg , Big oW K, vanPoel , vanérg y vhan K, vhany ra mhan"‘,
vhe PraM , vgu sers S ar @t‘c LM eels® a ner), s Y, er AA,
Kalii L, kgsekM , Lana(a vF, Larsarg M A La WnJ ,Te nhrsgnM ,Tsd Ay,
} bst er) ‘Setting priorities in global child health research investments:
guidepnes/for implementation of CHNRI method. Croat Med J 2448,
49(6) “20-"33. 7 7 7
Te rhrsgnM , vhy PraM , Sagy es™®, Brgysha @, eny i€ bsM Sreefiey?,
BIS LE EI Afeen S, Rig an | Setting prioritl/es in child health research
investments for South Africa. PLoS Med 244", 4(8) e259.
! Saxena S, S %4 L,Tsa A, Pz{ elV ‘Setting
priorities for global mental health research. Bull World Health Organ 2449,
87(6)438-44 .
Te sy P S arz LAffiC er A, vhan K/, Rig an ,Saena S Research
priorities for health of people with gisabilities: an expert opinion
exercise. Lancet 2449, 374(9704) . 85"-, 8 2.
Karaka 2 W Fgu rmer) ,Vann W Arbéét Fé§ hneersg n R, Rg P rsJ ‘Method
for the serological typing of the capsular polysacchariges of
Staphylococcus aureus. J Clin Microbiol , 985, 22 445-44",
Karaka \., S,ltt. nAS hneersg N R, KarPas A,V ann \. Capsular
antibodies induce type-specific phagocytosis of capsulated
Staphylococcus aureus by human polymorphonuclear leukocytes. Infect
Immun , 988, 56, (O (9.
o hkePPel K, Bra N V€ her W mma, S erS Gae u
Sugg enhé mR, KaPlanE L, % o Nl er A, Fgu 1 erM Serotyping and
electron microscopy studies of Staphylococcus aureus clinical isolates
with monoclonal aptibodies to capsular polysaccharide types 5 and 8.
J Clin Microbiol , 987, 25(3) 526 53,

nyaSE Aif een S, ana ZA, BI§ kM,


http://www.ncbi.nlm.nih.gov/pubmed/20466419?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20466419?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20466419?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9709046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8728611?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8728611?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7888543?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7888543?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7888543?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18462093?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18462093?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16685011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16685011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19135920?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6232086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6232086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6232086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17552110?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17552110?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18056272?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18056272?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17948948?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17948948?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17948948?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19535827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19535827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18581609?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18581609?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17182344?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17182344?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17948946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17948946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17948946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19106763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19106763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19278292?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19278292?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19090596?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19090596?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17760497?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17760497?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19565122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19565122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19944866?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19944866?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19944866?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3930565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3930565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3930565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3356460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3356460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3356460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2437148?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2437148?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2437148?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2932464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2932464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2114365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2114365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2114365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16552052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16552052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16552052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16552052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11997460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11997460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10036727?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14576094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14576094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14576094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18182412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18182412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18182412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18182412?dopt=Abstract

33.

34.

Mee ra) J, §éndeg J P, fller S, Byyqle J W vore® R Sa nPg hly mar P,
oNLJehnJF i ny Ta an RMegereT,Paj M, ehern, enS,

Te, erM, erzelf , Kele VA Fq V\\jer\‘ﬁ Jr. Phase Eﬁ{ randorﬁized,@c}ouble—
blind, multicenter stud))comparing the safety and pharmacokinetics of
tefibazumab to placebo for treatment of Staphylococ;us ayreus
bacteremia. Antimicrob Agents Chemother 244 _, 50(8)2"5, -2755.

S[.H B, amsen N, Fanar.ﬁ AA, \‘rgq LL, va \.A,E hrenkranz RA,
Lengrs) Ag rbvanE F, S(arL\ AR T snJE 2 h \', Ba er \R, Kgrgnes SB,
Shankaran S, LaR g k AR, § €, ersg n® K, PaPle LA, Pegle K Late-onset
sepsis in very low birth weight neonates: the experience of the NICHD
Neonatal Research Network. Pediatrics 2((2, 110(2 Pt 1) 285-29, .



http://www.ncbi.nlm.nih.gov/pubmed/16870768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16870768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16870768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16870768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12165580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12165580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12165580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11844850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11844850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10524952?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10524952?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10524952?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17540252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17540252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16220082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16220082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16220082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16220082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17719934?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17719934?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17719934?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16598296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16598296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16598296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17893153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17893153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17893153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17893153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19380597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19380597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19380597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19380597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19380597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17939955?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17939955?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15654403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15654403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7845751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7845751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9578790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9578790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9578790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1848364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1848364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1848364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2003054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2003054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2003054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8602081?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8602081?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9230974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3952013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3952013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8584332?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4398908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4398908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11934711?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10968716?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10968716?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15499526?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15499526?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15499526?dopt=Abstract
http://www.who.int/countries/eth/areas/immunization/epi_logistics/en/index1.html
http://www.who.int/countries/eth/areas/immunization/epi_logistics/en/index1.html
http://www.ncbi.nlm.nih.gov/pubmed/16870507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16870507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16242332?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16242332?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methodology
	CHNRI exercise – stage I: identification and selection of studies
	CHNRI exercise – stage II: an expert opinion exercise

	Results
	Answerabilty
	Active immunization
	Passive immunization approach

	Efficacy and effectiveness
	Active immunization
	Passive immunization

	Maximum potential for disease burden reduction
	Deliverability, affordability, sustainability and cost
	Acceptability and equity

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

