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Acronyms and abbreviations 
BCG Bacille Calmette Guerin (for tuberculosis) 
bioneedle biodegradable implants 
CDC US Centers for Disease Control and Prevention 
CMD Classical Mexican Device 
CMV cytomegalovirus 
conj. conjugated (usually polysaccharide conjugated to protein) 
D diphtheria toxoid (d: low-dose; D: high-dose) 
DCJI disposable cartridge jet injectors 
DPI dry powder inhaler 
DTP diphtheria, tetanus, pertussis 
EPI Expanded Programme on Immunization 
ETEC enterotoxigenic Escherichia coli (E. coli) 
Flu influenza 
HepA hepatitis A 
HepB hepatitis B 
HepE hepatitis E 
Hib Haemophilus influenzae type b 
HPV human papillomavirus 
ID intradermal 
IM intramuscular 
IN intranasal 
IPV inactivated polio vaccine 
JE Japanese encephalitis 
LMICs low- and middle-income countries 
LT heat-labile toxin of E. coli 
Men meningitis, from  Neisseria meningitidis (serotypes A, C, W135, Y, or X) 
MIT Massachusetts Institute of Technology 
MMR measles, mumps, and rubella 
MR measles, rubella 
MUNJI multi-use-nozzle jet injector 
N-S needle and syringe 
mOPV monovalent oral polio vaccine (types 1, 2, or 3) 
OPV oral polio vaccine 
P pertussis 
PATH Program for Appropriate Technology in Health 
PCV pneumococcal conjugate vaccine 
pMDI pressurized metered-dose inhalers 
Pneumo pneumococcus (from Streptococcus pneumoniae) 
PS polysaccharide 
RSV respiratory syncytial virus 
Sabin-IPV inactivated polio vaccine made from Sabin attenuated strains 
SC subcutaneous 
T (or TT) tetanus toxoid 
TB tuberculosis 
TCI transcutaneous immunization 
TIV trivalent influenza vaccine 
unconj. polysaccharide unconjugated to protein 
VZV varicella zoster virus 
WHO World Health Organization 
YF yellow fever 
 



 

Executive summary 
A landscape analysis has been undertaken to identify trends in the availability of vaccines and novel 
vaccine delivery technologies that are and will be of relevance to low- and middle-income countries 
(LMICs) between now and 2025. 

The key findings are: 

• The number of vaccines potentially available for use in LMICs will increase during the period 
2008–2025. 

• Vaccine manufacturers are conservative, and the majority of existing and new vaccines will 
continue to be delivered by needle and syringe unless incentives and or data are generated to 
support alternative delivery methods. 

• A wide range of novel vaccine technologies, many of which are needle-free and/or employ 
alternative immunization routes, are being developed. Overall, the goals of these technologies 
are to: 

• Reduce needle and syringe use. 
• Reduce the dose of vaccine required and/or reduce wastage. 
• Deliver the vaccine by a route that will stimulate an appropriate immune response. 

• Some of the approaches will require significant effort to be spent developing appropriate 
vaccine formulations that are compatible with the delivery technology, in addition to 
developing the device/technology itself. Consequently, these approaches will not be available 
until the medium to long term (after 2015).  

• Short-term activities are possible based on increasing use of existing technologies that would 
improve vaccination safety, such as increasing use of syringes with auto-disable and anti-stick 
mechanisms. 

• Suitable combinations of delivery technology and “available” vaccine need to be identified 
for use in “demonstration” projects to evaluate new delivery technologies.  

• Ultimately, introduction of novel vaccine delivery technologies will require their 
incorporation early in the development path of novel vaccines. 
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TRENDS IN VACCINE AVAILABILITY: 2008–2025 
Choice of vaccine types to be surveyed 
This landscape analysis surveys both the current and future availability of vaccines for use in low- and 
middle-income countries (LMICs) and the status of vaccine delivery technologies.  

For the first part, 32 single and combination vaccine types/disease applications were selected on the 
basis that: 

• They are considered high priority for use in LMICs. 
• It was probable that one or more vaccines are likely to be licensed by 2025 (i.e., at least one 

vaccine is in phase I clinical trials). 

A full list of the vaccines surveyed, including developers, formulations, and target populations is 
presented in References.  

The survey used publicly available information, supplemented with documentation provided by 
PATH and other key stakeholders and transcripts of interviews of experts (see Annex 1 for details). 

Vaccine availability and use: 2008–2025  
Vaccine availability 
From the survey (see Table 1), 18 vaccine applications/types currently have prequalified vaccines, 11 
have licensed but no prequalified vaccines (yet), ~17 are likely to have new or “replacement” vaccines 
by 2015, and an additional ~4 are likely to have new or replacement vaccines by 2025. 

These predictions are based on the following criteria: 

• For a novel vaccine to be available in 2015, it was required to be in phase II or III trials in 
2008. A few exceptions have been made: 

• Where the technology for a vaccine has been transferred to another manufacturer and 
is in production but likely to accelerate through clinical trials rapidly. 

• Where the vaccines have been used before singly but not in combination and are 
therefore likely to accelerate through trials more quickly than others. 

• Vaccines predicted to be available by 2025 were required to be in phase I clinical trials in 
2008. 

However, it should be noted that: 

• Overall, probabilities of success for vaccines in phase I trials have been estimated to be only 
10–51% for most vaccines, and even lower for some disease applications (e.g., < 1% for 
malaria) (GAVI Alliance Vaccine Investment Strategy Project: http://www.gavialliance.org/ 
vision/strategy/vaccine_investment/index.php). 

• Different vaccines require different numbers of phase II/III clinical trials before licensing, and 
the trials are of varying duration. 

• For most vaccine types surveyed, there will be a long list of promising candidates in 
preclinical development, some of which might be accelerated and reach the market before 
those listed in this analysis. It is also possible that these early-stage vaccines might benefit 
more from the applications of vaccine delivery technology than the more advanced vaccines. 
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Table 1. Summary of projected vaccine availability. 

Prequalified vaccines 
available in 2008a 

Approved, but not 
prequalified vaccines 

available in 2008 

New vaccines possibly 
available by 2015 

New vaccines possibly 
available by 2025 

▪ BCG. 
▪ Cholera. 
▪ DT/dT. 
▪ DTP-HepB. 
▪ DTP-HepB-Hib. 
▪ HepB. 
▪ IPV. 
▪ Measles. 
▪ MenAC-unconj. 
▪ MenACW135-
unconj. 
▪ mOPV1. 
▪ OPV. 
▪ MMR. 
▪ MR. 
▪ Rabies. 
▪ Rotavirus. 
▪ Tetanus. 
▪ YF. 

▪ DTP-HepB-Hib-IPV. 
▪ Flu-pandemicb. 
▪ Flu-seasonal. 
▪ HepA. 
▪ HPV. 
▪ JE. 
▪ mOPV3. 
▪ PCV. 
▪ Pneumo-unconj. 
▪ Typhoid. 
▪ VZV. 

▪ Dengue. 
▪ DTP-HepB-Hib-IPV.
▪ ETEC. 
▪ Flu-pandemicb. 
▪ Flu-seasonal. 
▪ HepE. 
▪ HPV (2nd generation 
and/or low cost). 
▪ Malaria. 
▪ Measles (dry 
powder). 
▪ MenA-conj. 
▪ MenACW135Y-TT. 
▪ MR (dry powder). 
▪ PCV. 
▪ Rotavirus (low cost). 
▪ Sabin-IPV. 
▪ Shigella. 
▪ TB. 

▪ CMV. 
▪ Flu-pandemic. 
▪ Malaria (2nd 
generation). 
▪ RSV. 

a. United Nations/World Health Organization (WHO) prequalification information from WHO website, June 
2008.  
b. Includes “mock-dossier” and pre-pandemic vaccines.  
Other information and predictions were derived from publicly available information (mainly from company 
websites). 

Abbreviations used: BCG: Bacille Calmette Guerin, for tuberculosis; CMV: cytomegalovirus; conj.: 
conjugated, usually polysaccharide conjugated to protein; D: diphtheria toxoid (d: low-dose; D: high-dose); 
ETEC: enterotoxigenic E. coli; Flu: influenza; HepA: hepatitis A; HepB: hepatitis B; HepE: hepatitis E; Hib: 
Haemophilus influenzae type b; HPV: human papillomavirus; IPV: inactivated polio vaccine; JE: Japanese 
encephalitis; Men: meningitis, from  Neisseria meningitidis (serotypes A, C, W135, Y, or X); MMR: measles, 
mumps, and rubella; MR: measles, rubella; mOPV: monovalent oral polio vaccine (types 1, 2, or 3); OPV: 
trivalent oral polio vaccine; P: pertussis; PCV: pneumococcal conjugate vaccine; Pneumo: pneumococcus, 
from Streptococcus pneumoniae; RSV: respiratory syncytial virus; Sabin-IPV: IPV made from Sabin 
attenuated strains; T: tetanus toxoid (or TT); TB: tuberculosis; unconj.: polysaccharide unconjugated to 
protein; VZV: varicella zoster virus; YF: yellow fever. 
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Delivery strategies 
The delivery strategies used now and in the future (Table 2) impact the types of delivery technology 
(and logistics) that will be most appropriate.  

For example, for routine use: 

• Many vaccines will continue to be delivered in routine settings. Delivery technologies that are 
difficult to use or require lengthy preparation will be problematic in routine settings, as will 
the use of many disparate delivery technologies.  

For campaign use or outbreak response: 

• Novel delivery technologies or logistical procedures that are not the norm may be better 
suited for use in campaigns or outbreak response. For example, the use of aerosol measles 
vaccine would be easier to implement in a campaign setting, with focused training on the new 
delivery method. 

The nature of the vaccine will impact the strategy, too; for example, a vaccine that can and should be 
given as a birth dose (contrasting with one used in older babies) might particularly benefit from a 
device that can be used easily by a birth attendant and a format that is unit dose. 

From this survey, the number of vaccine types likely to be given as “routine” is likely to increase from 
20 to ~32; as campaign, from 13 to ~16; and as outbreak response, from 8 to ~10. Some are given by 
more than one type of delivery strategy.  

Table 2. Possible delivery strategies for current and future vaccines. 

Routine Campaign Outbreak response 

2008 Future 2008 Future 2008 Future 

▪ BCG. 
▪ Choleraa. 
▪ DT/dT. 
▪ DTP-HepB. 
▪ DTP-HepB-
Hib. 
▪ DTP-HepB-
Hib-IPV. 
▪ Flu-seasonal. 
▪ HepA. 
▪ HepB. 
▪ HPVb. 
▪ JE. 
▪ Measles. 
▪ MenAC-
unconj. 
▪ MMR. 
▪ MR. 
▪ OPV. 
▪ PCV. 
▪ Rotavirusb.  
▪ Tetanus. 
▪ YF. 
 

▪ Cholera. 
▪ CMV. 
▪ Dengue. 
▪ DT/dT. 
▪ DTP-HepB. 
▪ DTP-HepB-Hib. 
▪ DTP-HepB-Hib-
IPV. 
▪ ETEC. 
▪ HepA. 
▪ HepB. 
▪ HepE. 
▪ HPV. 
▪ Flu-pandemic. 
▪ Flu-seasonal. 
▪ IPV. 
▪ JE. 
▪ Malaria. 
▪ Measles. 
▪ Men A-conj.  
▪ Men AC-conj. 
▪ MenACW135Y-
TT. 
▪ MMR. 
▪ MR. 

▪ DT/dT. 
▪ DTP-HepB-Hib.
▪ HepA. 
▪ HepB. 
▪ HPV. 
▪ JE. 
▪ Measles. 
▪ MenAC-unconj.
▪ MMR. 
▪ MR. 
▪ Tetanus. 
▪ Typhoid. 
▪ YF. 

▪ CMV. 
▪ DT/dT. 
▪ Flu-pandemic.
▪ HepB. 
▪ HPV. 
▪ JE. 
▪ Malaria. 
▪ Measles. 
▪ MenA-conj. 
▪ MenACW 
135Y-TT. 
▪ MMR. 
▪ MR. 
▪ RSV. 
▪ Shigella.  
▪ TB (new). 
▪ Tetanus. 
 

▪ Cholera. 
▪ DT/dT. 
▪ HepA. 
▪ MenAC-unconj. 
▪ MenACW135. 
▪ mOPV. 
▪ Typhoid. 
▪ YF. 

▪ DT/dT. 
▪ HepE. 
▪ Flu-pandemic. 
▪ Men A-conj. 
▪ Men AC-conj. 
▪ MenACW 
135Y-TT. 
▪ mOPV. 
▪ Shigella. 
▪ TB (new). 
▪ Typhoid. 
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Routine Campaign Outbreak response 

2008 Future 2008 Future 2008 Future 

▪ OPV. 
▪ PCV. 
▪ Rotavirus. 
▪ RSV. 
▪ TB. 
▪ Tetanus. 
▪ Typhoid. 
▪ VZV. 
▪ YF. 

a. Has been used for routine vaccination in some countries.  
b. Routine use expected soon.  
Source: WHO position papers for vaccine applications supplemented with expert opinion from recent interviews 
by PATH staff. 

Abbreviations used: BCG: Bacille Calmette Guerin, for tuberculosis; CMV: cytomegalovirus; conj.: 
conjugated, usually polysaccharide conjugated to protein; D: diphtheria toxoid (d: low-dose; D: high-dose); 
ETEC: enterotoxigenic E-coli; Flu: influenza; HepA: hepatitis A; HepB: hepatitis B; HepE: hepatitis E; Hib: 
Haemophilus influenzae type B; HPV: human papillomavirus; IPV: inactivated polio vaccine; JE: Japanese 
encephalitis; Men: meningitis, from  Neisseria meningitidis (serotypes A, C, W135, Y, or X); MMR: measles, 
mumps, and rubella; MR: measles, rubella; mOPV: monovalent oral polio vaccine (types 1, 2, or 3); OPV: 
trivalent oral polio vaccine; P: pertussis; PCV: pneumococcal conjugate vaccine; RSV: respiratory syncytial 
virus; T: tetanus toxoid (or TT); TB: tuberculosis; unconj.: polysaccharide unconjugated to protein; VZV: 
varicella zoster virus; YF: yellow fever. 

Extensions to target populations 
For a few of the vaccine types surveyed, there are likely to be desired or actual extensions to the 
current target populations, which might affect the formulations and delivery technologies used (Table 
3). For example: 

• Extensions to a birth dose might require easier-to-use delivery technologies, for birth 
attendants to use outside a clinical setting, and/or technologies that can be administered safely 
and reliably to a neonate (e.g., intranasal [IN] dosing can be more difficult in babies). 

• Extensions to younger or older age groups can require more-immunogenic formulations. 
Examples of this (though not necessarily relevant for LMICs) include: 

• Using novel adjuvants (e.g., MF59™ in Fluad™ seasonal influenza vaccine), which 
might not be compatible with some of the novel delivery technologies, for example, 
those that involve intradermal (ID) delivery.  

• Increasing the amount of antigen (e.g., Zostavax™ compared with Varivax™), which 
can increase the manufacturing costs and affect supply.  
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Table 3. Possible extensions in target groups by 2025. 

Extend to birth dose Extend to babies or 
younger children 

Extend to boysa Extend to elderly 

▪ HPV. 
▪ Rotavirus. 

▪ Cholera. 
▪ Flu-seasonal.  
▪ HepA. 
▪ HPV. 
▪ Measles. 
▪ Men. 
▪ Pneumo. 
▪ Typhoid. 

▪ HPV (possibly). ▪ VZV. 

a. This is an example of an extension within the same age group that is less likely to affect the delivery 
technology used. 
Source: Survey of vaccines, using publicly available information.  

Abbreviations used: Flu: influenza; HepA: hepatitis A; HPV: human papillomavirus; Men: meningitis, from  
Neisseria meningitidis (serotypes A, C, W135, Y, or X); Pneumo: pneumococcus, from Streptococcus 
pneumoniae; VZV: varicella zoster virus. 

Trends in vaccine development 
From this survey, some general points can be made regarding development of novel vaccines and 
their effect on identification of optimal delivery technology. 

Combination vaccines vs. “single” vaccines 
Combination vaccines, such as MR, MMR, DTP-HepB-Hib, and DTP-HepB-Hib-IPV, offer 
advantages in terms of: 

• Reducing the number of injections required, which increases compliance and acceptability 
(and potentially reduces needlestick accidents/sharps waste). 

• Usually reducing space required in the cold chain.  
• Potentially reducing the direct costs of the vaccine and also its logistics (e.g., time spent 

reconstituting vaccines and administering them). 

Disadvantages can include: 

• Some combinations are as expensive as the single vaccines combined. 
• Development costs can be high: they can require the formulation of diverse chemical entities 

with different stabilities, and non-inferiority trials will need to be performed. 
• Sometimes they can make the schedules more complicated and reduce flexibility; additional 

doses of some antigens in the combination might be given to ensure other antigens have 
sufficient dosing.  

• Combining antigens can reduce the immune response to some components; this is thought to 
be due to immunological interference. For example, Hexavac™ (DTP-HepB-Hib-IPV, 
Aventis Pasteur) was withdrawn in 2005 due to lower and varying immunogenicity to the 
HepB and Hib components,1 although a similar vaccine (Infanrix Hexa™, GlaxoSmithKline) 
is still marketed. For this reason, some consider it unlikely that such combinations can be 
extended much beyond five or six components. 
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Many of the antigens used in combination vaccines are also sometimes needed as single vaccines: 

• For birth doses, often just one antigen is required (e.g., HepB), meaning that countries 
utilizing the combination vaccine (e.g., DTP-HepB-Hib) might also need to purchase the 
single antigen HepB. 

• Single antigens (or smaller combinations) are often required for booster doses (e.g., dT in 
older children and adults). 

• The particular country purchasing the vaccine might prioritize one vaccine-type antigen 
higher than the others in the combinations, e.g., tetanus vs. diphtheria, or measles vs. mumps. 

In conclusion, many of the existing vaccine types and new entrants will need to be available as 
singles, small combinations, and larger combinations for Expanded Programme on Immunization 
(EPI) use. 

Polysaccharide and polysaccharide conjugate vaccines 
Some vaccine types (e.g., Neiserria meningitis [Men] and pneumococcus [Pneumo]) aim to generate 
an immune response to polysaccharide epitopes, to which a long-lasting immune response is 
inherently difficult to generate. If the polysaccharide is linked (conjugated) to a protein, this usually 
increases its immunogenicity, giving a longer-lasting response that can be boosted in future years.  

In general: 

• There are likely to be further developments of conjugate vaccines, aiming for more-
immunogenic vaccines (e.g., for Men and Pneumo). 

A second issue is that some vaccine types (especially Men and Pneumo) stimulate serotype-specific 
immunity, but there are many circulating serotypes that vary geographically across LMICs. To protect 
against all serotypes requires more than one antigen source to be formulated in the vaccine.  

In general: 

• There are likely to be vaccines with increasing valencies (more serotypes included) aiming to 
increase the breadth of protection; however, some serotypes are much more difficult to 
formulate and especially conjugate. 

• It should not be assumed that the perfect vaccine would include all serotypes. Epidemiology 
is very important in selection; for LMICs, meningitis A and C are the serogroups of most 
relevance because they are most associated with epidemics.  

• In the future, there are likely to be alternative strategies that could change the landscape of 
these vaccines—for example, using protein subunit antigens that give a more broad-spectrum 
protection and circumvent some of the conjugation problems. 

Enteric vaccines 
The enteric vaccines are important for routine, campaign, and outbreak use in LMICs. There are 
prequalified rotavirus vaccines about to be used routinely in LMICs and also against cholera, and 
licensed but underused vaccines for typhoid. There are no licensed vaccines against either Shigella or 
enterotoxigenic E. coli (ETEC) but several in clinical and preclinical development.  

In general: 

• Live attenuated enteric vaccines are either already effective or show promise as oral vaccines, 
but inactivated, killed vaccines are also useful or under development. 
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• There can be some level of cross-reactivity and cross-protection; e.g., Dukoral™ provides 
some cross-protection against ETEC due to the cholera toxin B content of the vaccine. 

• Some of the candidate vaccines in early or preclinical development are based on live 
attenuated strains (e.g., Shigella and Salmonella) expressing other antigens (e.g., ETEC); 
these have potential, therefore, to protect against more than one enteric pathogen. 

• Combination vaccines against enteric pathogens tend to be developed/marketed in 
industrialized countries as “travelers’ diarrhea” vaccines; these might also be appropriate for 
use in LMICs, provided they are suitable for use in the required target population and the 
costs are acceptable.  

Polio 
There are three existing vaccines for polio:  

• Trivalent oral polio vaccine (OPV), which gives good protection against all three types, and is 
very easy to administer as an EPI vaccine. 

• Monovalent oral polio vaccines (for types 1, 2, or 3), which have recently been licensed to 
help with outbreaks of a particular type because they are more immunogenic than the trivalent 
vaccine. 

• Inactivated polio vaccine (IPV), which is probably less immunogenic and has to be given by 
injection, but is safer in the long term because there is no live virus shedding.  

The choice of vaccine depends on the epidemiology in the country in question and the timing of polio 
eradication.  

For routine use in LMICs, with eradication, there will be a move from OPV to IPV, and some 
countries might phase out routine polio vaccination completely. Work is underway to manufacture 
IPVs from attenuated Sabin strains to reduce the risk of escape of live poliovirus during manufacture. 

Malaria 
Malaria is the first parasite target for vaccines and inherently difficult for vaccine development (and 
implementation).  

• Mosquirix™ (also known as RTS,S, GlaxoSmithKline) is the lead malaria vaccine candidate 
(in phase III trials) and could be in use by 2015. It is hoped that a second-generation vaccine 
(or combination with Mosquirix™) will increase the likely efficacy from the ~30% protection 
(against clinical disease) provided by Mosquirix™ to > 80%, which would make it more 
attractive to LMICs.  

• There are several candidates in clinical development using a range of antigens (from various 
stages of the parasite), technologies (peptide, proteins, live vectors, attenuated parasites, or 
DNA), and approaches (including heterologous prime-boost), and with different targets (e.g., 
anti-infection, anti-disease, or anti-transmission). Most are likely to require injection, and 
some use novel adjuvants that might make them difficult to combine with other vaccines. At 
this stage, it is very difficult to predict which of the candidates in clinical/preclinical 
development are most likely to achieve license. 
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Tuberculosis  
Tuberculosis (TB) is another inherently difficult vaccine development challenge. The existing live 
attenuated prequalified Bacille Calmette Guerin (BCG) (by ID vaccination) will most likely continue 
to be used routinely in EPI in LMICs until it can be replaced by one or more new-generation TB 
vaccines that both protect against severe disease in infants/children and give long-lasting protection to 
older age groups and preferably prevent latency and reactivation.  

• Several vaccines are in clinical development, and there is a long preclinical pipeline. Some 
are modified BCG or live viral vectors, and some use proteins with novel adjuvants. They are 
more likely to be injected, but some in preclinical development could be administered orally 
or intranasally.  

Immunization routes used for vaccine delivery 
Immunization routes for current and expected vaccines 
From this survey (Table 4), the majority of vaccines, live and killed, are currently delivered by either 
subcutaneous (SC) or intramuscular (IM) injection, and this situation is unlikely to change 
significantly by 2025. The obvious exceptions are vaccines (live or killed) against enteric pathogens, 
the majority of which are or will be delivered orally. 

Immunization using routes other than SC/IM injection by needle and syringe (N-S) could yield 
potential benefits in terms of immunogenicity, acceptability, and ease of administration, as well as 
reducing the use of sharps (and associated hazards). 

Table 4. Route of immunization used according to type of vaccine: live vs. inactivated. 

 Live vaccines 
(attenuated organisms / live vectors) 

Inactivated vaccines 
(proteins, PS, killed organisms) 

Route 2008 2015 2025 2008 2015 2025 

SC/IM ▪ HepA. 
▪ JE. 
▪ Measles. 
▪ MMR. 
▪ MR. 
▪ VZV. 
▪ YF. 

▪ CMV. 
▪ Dengue. 
▪ HepA. 
▪ JE. 
▪ Measles. 
▪ MMR. 
▪ MR. 
▪ TB. 
▪ VZV. 
▪ YF. 

▪ CMV. 
▪ Dengue. 
▪ HepA. 
▪ JE. 
▪ Malaria. 
▪ Measles. 
▪ MMR. 
▪ MR. 
▪ TB. 
▪ VZV. 
▪ YF. 

▪ DT/dT. 
▪ DTP-HepB. 
▪ DTP-HepB-
Hib. 
▪ DTP-HepB-
Hib-IPV. 
▪ Flu-pandemic.
▪ Flu-seasonal. 
▪ HepA. 
▪ HepB. 
▪ HPV. 
▪ IPV. 
▪ JE. 
▪ Men-unconj. 
▪ Pneumo-conj. 
and unconj. 
▪ Rabies. 
▪ Tetanus. 
▪ Typhoid. 

▪ CMV. 
▪ DT/dT. 
▪ DTP-HepB. 
▪ DTP-HepB-
Hib. 
▪ DTP-HepB- 
Hib-IPV. 
▪ Flu-pandemic. 
▪ Flu-seasonal. 
▪ HepA. 
▪ HepB. 
▪ HepE. 
▪ HPV. 
▪ JE. 
▪ Malaria. 
▪ Men-conj. 
▪ MenACW 
135Y-TT. 
▪ PCV. 
▪ Rabies. 
▪ RSV. 
▪ Sabin-IPV. 
▪ Shigella. 

▪ CMV. 
▪ DT/dT. 
▪ DTP-HepB. 
▪ DTP-HepB-
Hib. 
▪ DTP-HepB-
Hib-IPV. 
▪ HepA.  
▪ HepB. 
▪ HepE. 
▪ HPV. 
▪ Flu-pandemic.
▪ Flu-seasonal. 
▪ JE. 
▪ Malaria. 
▪ Men-conj. 
▪ MenACW135
Y-TT. 
▪ PCV. 
▪ Rabies. 
▪ RSV. 
▪ Sabin-IPV. 
▪ Shigella. 
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 Live vaccines Inactivated vaccines 
(attenuated organisms / live vectors) (proteins, PS, killed organisms) 

Route 2008 2015 2025 2008 2015 2025 

▪ TB. 
▪ Tetanus. 
▪ Typhoid. 

▪ TB. 
▪ Tetanus. 
▪ Typhoid. 

ID ▪ BCG. ▪ BCG. ▪ BCG. ▪ Rabies. ▪ ETEC (TCI). 
▪ Flu-seasonal. 
▪ Rabies. 
▪ TB. 

▪ CMV (DNA 
vaccine). 
▪ Flu-pandemic.
▪ Flu-seasonal. 
▪ Rabies. 
▪ TB (DNA 
vaccine). 

Oral ▪ Cholera. 
▪ OPV. 
▪ Rotavirus. 
▪ Typhoid. 

▪ Cholera. 
▪ OPV. 
▪ Rotavirus.
▪ Shigella. 
▪ Typhoid. 

▪ Cholera. 
▪ ETEC. 
▪ Rotavirus.
▪ Shigella. 
▪ TB 
(Shigella-
vector). 
▪ Typhoid. 

▪ Cholera. 
 

▪ Cholera. 
 

▪ Cholera. 
▪ Shigella. 
▪ TB. 

Respiratory 
(including 
IN) 

▪ Flu-
seasonal. 
▪ Measles. 

▪ Flu-
pandemic. 
▪ Flu-
seasonal. 
▪ MR (dry 
powder). 
▪ Measles 
(dry 
powder). 

▪ Flu-
pandemic. 
▪ Flu-
seasonal. 
▪ MR (dry 
powder). 
▪ RSV. 
▪ Measles 
(dry 
powder). 

 ▪ RSV. ▪ HepB. 
▪ RSV. 
▪ Shigella. 
▪ TB. 

The estimates for when particular vaccines might become available use the same information sources and 
criteria described above. For expected or predicted vaccines, the best estimate of the likely route of delivery has 
been made based on the formulation of the candidate vaccine and the route of immunization being used in 
clinical trials. Overestimates might arise from the assumption that a vaccine licensed in 2008 (or 2015) will still 
be available in 2015 (and 2025). For vaccines, where a range of potential vaccine candidates are in relatively 
early stages of development (e.g., TB), it is not possible to predict which formulation (and therefore which route 
of immunization) will be successful. In these cases, several possibilities are included in the table. Some of the 
vaccines might also be used in novel combinations or as genetically engineered vaccines against two or more 
pathogens (see below).  

Abbreviations used: BCG: Bacille Calmette Guerin, for tuberculosis; CMV: cytomegalovirus; conj.: 
conjugated, usually polysaccharide conjugated to protein; D: diphtheria toxoid (d: low-dose; D: high-dose); 
ETEC: enterotoxigenic E. coli; Flu: influenza; HepA: hepatitis A; HepB: hepatitis B; HepE: hepatitis E; Hib: 
Haemophilus influenzae type b; HPV: human papillomavirus; ID: intradermal; IM: intramuscular; IN: 
intranasal; IPV: inactivated polio vaccine; JE: Japanese encephalitis; Men: meningitis, from  Neisseria 
meningitidis (serotypes A, C, W135, Y, or X); MMR: measles, mumps, and rubella; MR: measles, rubella; 
OPV: trivalent oral polio vaccine; P: pertussis; PCV: pneumococcal conjugate vaccine; Pneumo: 
pneumococcus, from Streptococcus pneumoniae; PS: polysaccharide; RSV: respiratory syncytial virus; Sabin-
IPV: IPV made from Sabin attenuated strains; SC: subcutaneous; T: tetanus toxoid (or TT); TB: tuberculosis; 
TCI: transcutaneous immunization; unconj.: polysaccharide unconjugated to protein; VZV: varicella zoster 
virus; YF: yellow fever. 
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NOVEL VACCINE DELIVERY TECHNOLOGIES 
Introduction 
The role of route of immunization 
Different vaccine delivery devices deliver vaccines to the body via different routes, which in turn has 
a significant effect on the nature of the immune response induced (Table 5). 

Table 5. Advantages and disadvantages of available routes for vaccine delivery.  

Vaccination 
route 

Advantages Disadvantages Possible delivery 
technologies 

Cutaneous  
(including SC, 
IM, ID) 

▪ SC and IM are the 
established routes for the 
majority of vaccines. 
▪ An efficient route of 
immunization, once the skin 
has been penetrated. 
▪ Immunological correlates 
are established for many 
vaccines. 

▪ Skin is a difficult barrier for large 
molecules (proteins) and inactivated 
micro-organisms to cross without 
use of needles. 

▪ Needle-syringe. 
▪ Prefilled reconstitution 
devices. 
▪ Biodegradable implants.
▪ Jet injectors. 
▪ Microneedles. 
▪ Transdermal patches. 
▪ ID needles. 
▪ Prefilled syringes. 

Respiratory 
(IN and 
pulmonary) 

▪ Mimics the route of 
infection for many 
pathogens, so vaccine should 
induce appropriate immune 
response. 
▪ Needle-free administration. 

▪ Need to ensure delivery to the 
appropriate region of the respiratory 
tract. 
▪ Effective vaccination is likely to 
require live vaccines, or the use of 
mucosal adjuvants or adhesives 
with inactivated vaccines. 
▪ Controlling the dose of vaccine 
delivered can be difficult. 
▪ Safety concerns, as the route 
offers direct access to the central 
nervous system. 
▪ Administration can be difficult to 
congested infants. 

▪ Inhalation devices. 
▪ IN delivery. 

Oral ▪ Ease of administration. 
▪ Needle-free administration.
▪ Mimics the natural route of 
infection for enteric 
pathogens, so should induce 
appropriate immune 
response. 
▪ Shedding of live attenuated 
vaccine can contribute to 
herd immunity. 

▪ An inefficient route for 
immunization in terms of 
magnitude and duration of 
response.2 
▪ Effective vaccination is likely to 
require live vaccines or large doses 
of inactivated vaccine. 
▪ Delivery to the gastrointestinal 
tract might be less effective in some 
people in LMICs. 
▪ Oral vaccines (e.g., Rotashield™) 
have been associated with rare but 
serious adverse events. 
▪ Shedding of live attenuated 
vaccines can have safety issues. 

▪ Prefilled reconstitution 
devices. 
▪ Sublingual/buccal 
delivery. 
Buffered formulations or 
capsules for oral delivery 
(not reviewed). 

Abbreviations used: ID: intradermal; IM: intramuscular; IN: intranasal; LMICs: low- and middle-income 
countries; SC: subcutaneous. 
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Vaccine delivery technologies surveyed 
Eleven broad categories of delivery technologies were included in the survey (Table 6), ranging from 
ways to deliver vaccines more safely and/or more easily, to ease those that simplify the reconstitution 
process. Other technologies engage a different type of immune response using lower doses of antigen.  

Each technology has been assigned a unique identifier (T001–T130), which is used to refer to 
technologies in the text. A full summary of the technologies reviewed is presented in Annex 2.  

The output of the survey includes many more technologies that are not currently used for delivery of 
vaccines and/or may not be appropriate for vaccine delivery in LMICs because of cost or complexity. 
However, information has been recorded for these devices, because if they have potential to be 
developed into technologies appropriate for use in low-resource settings, the expertise and intellectual 
property is most likely to reside with the developers of these expensive and complex devices.  

The survey of vaccine delivery technologies relied primarily on publicly available information, 
supplemented with documentation provided by experts, including PATH and WHO staff members, 
and an independent consultant (see References for details). 

Table 6. Categorization of vaccine delivery technologies and associated benefits. 

Category Technology Primary potential benefits 

1 Injection safety devices 

1.1 
1.2 

Auto-disable syringes. 
Anti-stick syringes. 

▪ Safer administration; reuse prevention and 
needlestick prevention. 
▪ Can be used with any liquid vaccine. 
▪ Readily available. 

2 Prefilled reconstitution devices 

2.1 
2.2 

Prefilled reconstitution syringes. 
Prefilled reconstitution vials/pouches. 

▪ Prevents reconstitution errors. 
▪ Available in unit doses. 
▪ Integrated vaccine and device. 
 

3 Implants 

3.1 Biodegradable implants. 

▪ Integrated vaccine and device. 
▪ Safer administration; no sharps for disposal. 
▪ Unit dose. 
▪ Potential for schedule reduction, dose-
sparing (i.e., delivery of a reduced dose 
intradermally), and thermostability (no 
evidence yet). 

4 Jet injectors 

4.1 
 

4.2 
4.3 
4.4 

Disposable cartridge jet injectors with 
prefilled unit dose cartridges. 
Disposable cartridge jet injectors: end-user 
filling.  
Single-use disposable jet injectors. 
Solid particle jet injectors. 

▪ No sharps. 
▪ Available in unit doses. 
▪ Integrated vaccine and device (4.3). 
▪ Dose-sparing possible. 

5 Sublingual/buccal delivery 

5.1 
5.2 
5.3 

Dissolvable tablets/wafers. 
Buccal/oral sprays. 
Oral patches. 

▪ No sharps. 
▪ Available in unit doses. 
▪ Integrated vaccine and device. 
▪ Ease of administration. 
▪ Reduced pain. 
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Category Technology Primary potential benefits 

▪ Reduced waste. 

6 Microneedles 

6.1 
6.2 
6.3 
6.4 

Hollow microneedles. 
Solid microneedles. 
Vaccine-coated microneedles. 
Dissolvable/biodegradable microneedles. 

▪ Reduction in sharps. 
▪ Available in unit doses. 
▪ Integrated vaccine and device (6.2, 6.3, 6.4). 
▪ Dose-sparing. 
▪ Reduced pain. 
▪ Reduced waste. 

7 Inhalation/pulmonary delivery 

7.1 
7.2 

Liquid inhalation. 
Powder inhalation. 

▪ No sharps. 
▪ Available in unit doses. 
▪ Potential for integrated vaccine and device. 
▪ Reduced pain. 

8 Intranasal delivery 

8.1 
8.2 

Nasal spray (powder). 
Nasal spray (liquid). 

▪ No sharps. 
▪ Available in unit doses. 
▪ Integrated vaccine and device. 
▪ Ease of administration. 
▪ Reduced pain. 

9 Transdermal delivery 

9.1 
9.2 

Transdermal patches (microneedle-free). 
Transdermal patches with micro-electrodes. 

▪ Reduced sharps. 
▪ Unit dose. 
▪ Integrated vaccine and device. 
▪ Reduced pain. 
▪ Reduced waste. 

10 Intradermal needle delivery 

10.1 Needle depth limiters. 

▪ Available in unit doses. 
▪ Potential for integrated vaccine and device. 
▪ Dose-sparing. 

11 Prefilled containers 

11.1 
11.2 

Prefilled syringes. 
Prefilled cartridges. 

▪ Prevents dosing errors. 
▪ Unit dose. 
▪ Reuse prevention. 
▪ Integrated vaccine and device. 
▪ Ease of administration. 

 

Out of scope of the survey 
Novel adjuvants and stabilization developments were excluded from this survey, but they are 
discussed briefly where they are relevant to potential use of the other delivery technologies. 
Information on the potential costs of the various devices was not included, as many are still in early 
research and development phases and a thorough analysis of offsetting factors for each vaccine and 
delivery technology pairing would be essential in order to take into account cost-saving factors such 
as reductions in vaccine wastage due to unit dose formats. 
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Key features of vaccine delivery technologies reviewed  
1. Vaccine safety devices 
Safety devices for N-S generally consist of mechanisms to prevent deliberate or accidental reuse of 
the syringe, or mechanisms for needle retraction to prevent needlestick injuries.  

Auto-disable syringes 
Auto-disable syringes are widely used in LMICs. Reuse is typically prevented by a mechanism that 
breaks the plunger if it is withdrawn after the injection has been delivered. The Star Syringe™ (T072) 
and BD Soloshot™ (T074) are examples that are used extensively. The BD Soloshot™ has also been 
designed with reduced dead space to minimize vaccine wastage. 

Anti-stick syringes 
Anti-stick devices usually consist of a cover or sleeve that extends over the needle following injection 
and locks in place. These devices are not currently used or widely used in LMICs. Examples of this 
type of mechanism are: BD K3™ Safety Cap (T073), BD Safetyglide™ needle (T120), BD Safety-
Lok™ syringe (T121), and BD Preventis™ automatic needle shielding system (T122). 

Combined auto-disable and anti-stick syringes 
A number of syringes feature mechanisms whereby the needle is manually or automatically retracted 
into the syringe barrel after injection, thereby preventing accidental needlestick injury and preventing 
reuse of the syringe. Examples include: 

• BakSnap® retractable safety syringe (DuoProSS, T077). In this device, the needle is retracted 
into the barrel and the plunger can be snapped off to disable the syringe. 

• Vanishpoint™ syringe (T080), Unitract™ safe syringe (T081), and InviroSNAP safety 
syringe (T103). All have mechanisms for retracting the needle into the barrel, sometimes with 
additional features to ensure that it remains locked in place. 

• Ultrasafe Passive™ delivery system (T119). This device has a more sophisticated, spring-
powered auto-retraction mechanism. It is used with the Gardisil and Vaqta vaccines (both 
from Merck). 

Table 7. Potential opportunities from use of vaccine safety devices. 

Opportunities 
2008–2015  

Opportunities 
2015–2025 

Barriers to use 

▪ Auto-disable technologies are 
currently available and in use.  
▪ Combined auto-disable and anti-
stick syringes provide opportunity 
to protect health care workers as 
well as patients. 
▪ Increased uptake and use should 
be possible, as reformulation of 
vaccines and device development 
is not necessary.  
▪ Potential for further reduction in 
needlestick injuries and 
transmission of bloodborne 
pathogens.  

▪ No additional advantages 
beyond increasing uptake and 
use. 

▪ Needles remain involved in 
vaccine delivery. 
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2. Prefilled reconstitution devices 
The aim of reconstitution devices is to allow the processes of reconstitution and vaccine delivery to 
take place in a smooth, automatic, and error-free manner. Ideally, the acts of drawing up the correct 
and appropriate volume of diluent, adding it to the vaccine, ensuring complete mixing, drawing up the 
correct dose of reconstituted vaccine, and delivering the vaccine to the recipient are “automated” as 
far as possible.3 

Prefilled reconstitution devices will have a significant role if and when dry-powder thermostable 
formulations of vaccine become available. Introducing a reconstitution step for a vaccine that is 
currently in a liquid formulation is considered to be unacceptable, unless the process is automatic and 
seamless and eliminates the errors that are known to occur at present with reconstitution (mismatched 
supply of diluent and vaccine, use of incorrect quantities, misdosing of diluent, use of a second 
needle, and contamination of multi-dose diluent or reconstitution vials).4 

There appear to be few reconstitution devices available or in development for vaccine use.  

• Several of the devices available are likely to be too expensive for use in LMICs. However, 
several promising, potentially low-cost technologies are:  

• Immunoject™ (T042), which has an integrated needle. 
• Creare’s Single Vial System™ (T038) (development of this system may have 

stopped). 
• Frangible Seal Pouch™ (T039).  

The three systems above are likely to be compatible with a range of injection or 
delivery devices.  

• One of the most promising devices, Act-O-Vial™ (T040), has been used as a 
presentation for hydrocortisone (SOLU-CORTEF™). It is believed to be 
manufactured in low volumes only.5 

Table 8. Potential opportunities from use of prefilled reconstitution devices. 

Opportunities 
2008–2015  

Opportunities 
2015–2025 

Barriers to use 

▪ No immediate benefits because 
suitable devices are not currently 
available and/or not manufactured 
in large volumes. 
▪ Introduction of novel 
reconstitution devices is possible 
by 2015 for use with existing 
lyophilized vaccine formulations. 
▪ They improve speed and 
accuracy of reconstitution and 
dosing. 

▪ Novel dry-powder 
formulations (e.g., thermostable 
spray-dried powders) could be 
introduced in prefilled 
reconstitution packaging. 

▪ Devices tend to be suited for 
use with N-S or oral vaccines. 
▪ Switching the packaging of an 
existing vaccine to a new 
reconstitution device is likely to 
require modification of the 
filling process by the 
manufacturer, stability testing, 
and regulatory approval of the 
changed container. 

Abbreviation used: N-S: needle and syringe. 

3. Biodegradable implants 
Biodegradable implants (or bioneedles) consist of solid doses of vaccine delivered to the deep tissues 
or subcutaneous space. Subsequent controlled or slow-release of vaccine from the implant could 
potentially reduce the number of booster doses required for a vaccine. However, data to support this 
concept have not been generated to date. Bioneedles incorporating tetanus toxoid and trehalose have 
been shown in preclinical studies to have equal immunogenicity to and greater thermostability than 
standard, liquid tetanus toxoid.6 
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Use of bioneedles will require reformulation of existing vaccines. Delivery of the implants could be 
needle-free and might involve reduced pain compared with N-S (due to the high velocity of 
injection),7 but will require specialized devices with compressed air or spring-powered mechanisms.8,9 

• The Bioneedle Group™ (T024) and Solid Dose Injector™ (Glide Pharma, T026) are probably 
the leaders in this field regarding formulation and delivery of vaccines.  

Table 9. Potential opportunities from use of biodegradable implants. 

Opportunities 
2008–2015  

Opportunities 
2015–2025 

Barriers to use 

▪ The introduction of a 
biodegradable implant vaccine by 
2015 is unlikely. 

 

▪ They might be compatible 
with thermostable vaccine 
formulations. 
▪ Controlled release of vaccine 
might reduce the number of 
booster doses required, but this 
concept has not yet been 
proven.  

▪ Delivery devices might be 
complex and costly. 
▪ Will require reformulation of 
existing vaccines. 

4. Jet injectors 
Jet injectors propel liquid at high pressure to deliver medications through the skin without needles. 
They have been used to deliver hundreds of millions of doses of vaccines over the past 50 years.10 

• The vast majority of these were delivered using multi-use-nozzle jet injectors (MUNJIs). 
However, concerns that MUNJIs could be responsible for transmission of bloodborne 
pathogens between consecutive vaccine recipients led to the discontinuation of their use.10 
Attempts to circumvent these problems by incorporating disposable caps have not been 
successful.10 

• Therefore, devices currently being developed and considered in this analysis are either 
disposable cartridge jet injectors (DCJIs—see below), or single-use disposable jet injectors 
where the whole device is discarded after a single use.  

• Jet injectors for delivery of DNA vaccines are also being developed (PowderMed, T126).  

Jet injectors offer the benefits of needle-free vaccine delivery and the potential for dose-sparing by 
virtue of the fact that delivery can be targeted to the intradermal layer. Currently, DCJIs have 
regulatory approval only for SC or IM delivery of vaccines. Local adverse effects following jet 
injection are generally comparable to or slightly higher than those associated with N-S, particularly 
with vaccines containing alum adjuvants. Surveys of usage of the Biojector® 2000 (T069) in the 
United States have found its usage characteristics to be acceptable for adult and pediatric vaccinees. 
Injection-site bleeding and ecchymosis are rare, but occur more often than with N-S.10 However, jet 
injectors could, in theory, be suitable for all inactivated, subunit, or conjugate vaccines currently 
delivered by N-S. One outstanding concern is the potential reactogenicity of alum-adjuvanted 
vaccines, particularly when delivered intradermally. This will be evaluated as part of the DCJI 
evaluation project being undertaken by PATH, WHO, and the US Centers for Disease Control and 
Prevention (CDC). 

Single-use disposable jet injectors are likely to be too expensive for widespread use in LMICs and are 
not considered further. PowderMed’s jet injectors are also fully disposable and are being developed 
specifically for DNA vaccines coated onto gold particles and so would likely not be affordable for 
LMICs.  
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DCJI design features 
DCJIs consist of an “injector device” or “handpiece” that contains the propellant mechanism or power 
source (such as a spring) into which disposable single-use cartridges are inserted. Each cartridge (or 
needle-free syringe) has its own sterile orifice and nozzle.  

• The majority of DCJIs are used for self-administration of insulin and other hormones, and this 
has driven their design. The notable exception is the Biojector® 2000 (T069), which is used 
to administer approximately 1 million vaccine doses per year at private, public, and US Navy 
and Coast Guard immunization clinics.10 

• DCJIs that have been developed for delivery of vaccines can generally be adapted to deliver 
vaccines SC, IM, or ID by incorporating spacers that alter the distance between the nozzle and 
the skin. The Biojector® 2000 (T069) has been used in ID dose reduction studies in Cuba (6-, 
10-, and 14-week-old infants), Oman (2-, 4-, and 6-month-old infants), and the Dominican 
Republic (6- to 24-month-old infants). 

• No currently available DCJI has a design appropriate for vaccine delivery in LMICs. Draft 
design specifications for DCJIs have, however, been produced by WHO.11 

DCJI evaluation 
A number of prototype or development DCJI devices meet the majority of the proposed WHO design 
requirements, including:  

• Zetajet™ (Bioject, T070). 
• E-Jet500™ (Euroject, T060).  
• Pharmajet™ (PharmaJet, Inc., T064).  
• Lectrajet® M3RA (D’Antonio Consultants International, T068). 

Some or all of these will be evaluated as part of a four-year collaborative project led by PATH, 
involving the CDC, WHO, and others, to demonstrate the feasibility of using DCJIs to deliver routine 
EPI vaccines at the current dose via the existing route, whether ID, SC, or IM. The program will also 
explore the potential for dose-sparing by delivery of reduced doses by the ID route.  

Table 10. Potential opportunities from use of jet injectors. 

Opportunities 
2008–2015  

Opportunities 
2015–2025 

Barriers to use 

▪ The aim of the PATH DCJI 
evaluation project is to have a 
fully validated, WHO 
prequalified, production-ready 
technology ready for adoption by 
LMICs no later than 2011.  

 

▪ Reduction of sharps, sharps 
waste, and needlestick injuries 
and associated costs. 
▪ Simplified SC, IM, and ID 
delivery.  
▪ Reformulation of existing 
vaccines is not needed. 
▪ Cartridges might have lower 
transportation costs than 
prefilled syringes.11 
▪ Potential for dose-sparing via 
ID delivery, leading to 
improved accessibility for high-
cost vaccines and vaccines for 
which manufacturing capacity is 
limited. 

▪ Ideally require prefilling of 
cartridges by vaccine 
manufacturers.  
▪ Use of prefilled cartridges 
requires regulatory approval of 
the device and vaccine 
combination product, rather 
than approval of the device 
only.  
▪ Use of prefilled cartridges 
could also be dependent on 
adoption of industry-standard 
designs for cartridges, which 
would need strong links 
between vaccine and DCJI 
manufacturers. 

Abbreviations used: DCJI: disposable cartridge jet injectors; ID: intradermal; IM: intramuscular; SC: 
subcutaneous; LMICs: low- and middle-income countries; WHO: World Health Organization. 
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5. Sublingual/buccal delivery 
Oral delivery of drugs via the sublingual or buccal routes has attracted considerable interest because it 
offers a needle-free route of administration and avoids the degradation of active moieties (especially 
proteins) by enzymes and low pH in the gastrointestinal tract. For some vaccines, this route has the 
additional advantage of stimulating local mucosal immune responses. Furthermore, unlike IN 
immunization, sublingual delivery does not pose the risk of redirection of antigen or adjuvant to the 
central nervous system.12 Recently published preclinical studies in mice suggested that the sublingual 
route is an effective route for delivery of inactivated influenza vaccine and a model protein antigen 
(ovalbumin)13,14; however, these studies used powerful mucosal adjuvants to induce an immune 
response. Delivery of a DNA vaccine has also been demonstrated using a buccal patch.15 

• Aridis Pharma is developing a heat-stable, thin-film formulation of a live attenuated rotavirus 
vaccine (Rotavax™, T032). This is probably the most advanced application of this technology 
for vaccine delivery.  

Table 11. Potential opportunities from use of sublingual/buccal delivery. 

Opportunities 
2008–2015  

Opportunities 
2015–2025 

Barriers to use 

▪ Unlikely to be available for 
vaccine delivery by 2015. 

 

 

▪ Simple, needle-free delivery. 
▪ Suitable for self-
administration. 
▪ Induction of local mucosal 
immune responses. 

▪ Reformulation of existing 
vaccines will be required. 
▪ Might be applicable only to 
live attenuated vaccines against 
enteric pathogens; alternatively, 
potent, novel mucosal adjuvants 
might be required, which could 
lengthen development timelines. 

6. Microneedles 
Use of microneedle patches for minimally invasive delivery of vaccines across the skin is an area of 
active research. Microneedle devices can be grouped into five categories:  

• Transdermal patches (see Section 9). 
• Uncoated microneedles. 
• Solid vaccine-coated microneedles. 
• Biodegradable microneedles. 
• Hollow microneedles. 

Uncoated microneedles 

• The Onvax™ system (Becton Dickinson, T020) employs a “microenhancer array” of silicon 
or plastic microprojections on a hand-held applicator. This is used to abrade the skin before or 
after topical application of liquid vaccine. Preclinical experiments have demonstrated immune 
responses as good as those seen with IM injection, but not as good as those obtained with ID 
injection using a syringe-based microneedle (T019).16  

• 3M’s Microstructured Transdermal System™ (T002) can also be used in a similar 
configuration. Control of the dose of vaccine delivered might be difficult using this approach, 
and there might be safety concerns with live attenuated vaccines.  
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Solid vaccine-coated microneedles 
Vaccine (protein or DNA) is coated onto solid microneedles on a patch or array prior to application to 
the skin. Early preclinical and clinical results are encouraging, although few details are available. This 
approach will require development of suitable formulations. A major concern is whether a sufficient 
payload of vaccine can be loaded onto the microneedles using this approach.  

• The leading devices are probably the Macroflux™ system (Zosano Pharma, T001) and the 
Microstructured Transdermal System™ (3M, T002). 

Biodegradable microneedles 
Microneedles are fabricated from the active vaccine plus generally recognized as safe excipients. The 
feasibility of manufacturing biodegradable microneedles has been demonstrated,17 but the technology 
is at a very early stage and data showing successful delivery of a vaccine are not yet available.  

Hollow microneedles 
Hollow microneedle arrays can be applied to patches or, in some cases, can be fitted to the end of a 
syringe. Engineering hollow microneedles that do not break, block, or require high pressure in order 
to deliver the vaccine is technically demanding.18 

• Combining the microneedles with syringes (e.g., Nanoject™ [Debiotech, T011] and 
Micronjet™ [Nanopass Technologies, T012]) overcomes some of these problems and has the 
advantage of employing existing technology to ensure the full dose of vaccine is delivered. 
These devices are being evaluated at PATH for the ID delivery of rabies vaccine. 

• Becton Dickinson’s Soluvia™ (T019) device consists of a single microneedle fitted to a 
prefilled syringe. The system was licensed to Sanofi Pasteur in 2005. In February 2008, 
Sanofi filed an application with the European Medicines Agency to use Soluvia™ for the 
delivery of trivalent influenza vaccine, following trials in > 7,000 subjects. Preclinical studies 
with a prototype device resulted in better immune responses than SC, IM, and topical delivery 
of anthrax vaccine.19 

Microneedles: general features 
Once the skin has been penetrated, delivery of vaccines to the epidermal or dermal layers is a very 
efficient route of immunization, which also offers the potential of dose-sparing. Furthermore, the 
microneedles employed in these devices are designed to be too short to trigger pain receptors.  

In theory, microneedle delivery could be feasible for all vaccines that are currently delivered by N-S, 
particularly inactivated, subunit, or conjugated vaccines; however, it is by no means certain that dose-
sparing will result in an equivalent immune response for all (or any) vaccines. It is possible, even 
likely, that novel formulations of vaccines will be needed. Vaccines might need to be concentrated so 
that the same amount of antigen can be delivered in a smaller volume. Adjuvants based on aluminum 
salts might have unacceptable safety profiles when delivered ID and will need to be replaced with 
novel adjuvants that have different mechanisms of action and better reactogenicity profiles in the skin. 
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Table 12. Potential opportunities from use of microneedles. 

Opportunities 
2008–2015  

Opportunities 
2015–2025 

Barriers to use 

▪ Hollow microneedle delivery of 
existing formulations of liquid 
vaccines could have dose-sparing 
benefits, assuming reactogenicity 
profiles are acceptable. 
▪ The delivery of novel vaccines 
with liquid formulations, 
especially if they are developed 
specifically for ID delivery. 
▪ Coated and/or biodegradable 
microneedle delivery is unlikely 
to be available by 2015. 

▪ Increased uptake of hollow 
microneedle technology for 
novel and existing liquid 
vaccines with potential dose-
sparing benefits. 
▪ Development of formulations 
compatible with biodegradable 
or coated microneedles, offering 
dose-sparing, thermostability, 
and ease of administration. 

▪ Microneedles might still have 
the potential to transmit 
bloodborne pathogens and so 
need to be treated as “sharps;” 
however, any risks are likely to 
be far less than for N-S. 
▪ Extensive vaccine formulation 
development will be needed for 
some formats. 
▪ Patches might be required to 
be in place for minutes–hours; 
confirming delivery of the full 
dose might be difficult.  

Abbreviations used: ID: intradermal; N-S: needle and syringe. 

7. Inhalation/pulmonary delivery 
The optimal target tissue within the respiratory tract for vaccine delivery has not yet been identified. 
For the purposes of this survey, devices for respiratory delivery of vaccines have been divided into 
those for aerosol delivery to the lungs (but they might also deliver a proportion of the dose to the nasal 
tissues) and those designed specifically for IN delivery (see Section 8). 

• Large-scale pulmonary vaccination has been achieved with measles vaccine, using the 
custom-made “Classical Mexican Device (CMD),” which incorporates a jet nebulizer. 
Seroconversion rates compared favorably with SC immunization, although many children 
received much higher doses of vaccine than was necessary (reviewed in Section 1).  

• The CMD had several design limitations, and WHO has identified three nebulization devices 
manufactured by Omron, Trudell, and Aerogen that meet the desired performance criteria. 
Examples of each of these technologies are provided in Annex 2 (T086, T097, T125. NB: the 
devices listed may not be exactly the same as those identified by WHO). The current WHO 
Measles Aerosol Project aims to license at least one method for aerosol delivery of measles 
vaccine. 

Inhalers can be classified into three major categories:  

• Nebulizers.  
• Pressurized metered-dose inhalers (pMDI).  
• Dry powder inhalers (DPI).  

Inhalers can further be classified into: 

• Active (aerosol generated by an external energy source) devices.  
• Passive (aerosol generated by patient’s inspiratory effort) devices. 
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Nebulizers 
Nebulizers can deliver larger doses than pMDIs and DPIs, with very little patient involvement or skill 
required; however, delivery is time-consuming and relatively wasteful of active ingredients.20 

• Breath-activated nebulizers (e.g., AeroEclipse™, T125) aim to reduce waste by ensuring the 
aerosol is delivered during inspiration only.  

The high shear forces involved in nebulization have been reported to degrade large molecules: a 71% 
loss in measles vaccine potency was reported after the CMD was run continuously for 20 minutes.21 

pMDIs 
The majority of pharmaceutical aerosol products are pMDIs; however, they have several drawbacks 
for vaccine delivery. First, only a small amount of the emitted dose (10–20%) is delivered to the 
lungs. Second, most devices require hydrophobic propellants, which are incompatible with vaccine 
formulations. Finally, breath-actuated devices are required to overcome problems arising from poor 
hand-to-mouth coordination.22 

DPIs 
DPIs avoid the use of propellants; aerosols are created by directing air through loose powders of 
active substance plus inert carrier. Active DPIs reduce the inspiratory effort required by the patient, 
and are, therefore, more suitable for use with infants. Notable devices in this category include:  

• Spiros™ Inhalers (T099), originally developed by Dura Pharmaceuticals (subsequently 
acquired by Elan). These are breath-activated, battery-powered devices originally developed 
for measles vaccine delivery.23 

• Pulmonary DPIs (Nektar, T089), which were designed to be compatible for use with Nektar’s 
thermostable, spray-dried, sugar-glass powders. Delivery is independent of patient inspiratory 
effort. 

• Aspirair™ (Vectura, T094), a high-efficiency device, claimed to be more economical than 
most DPIs. 

• Newborn inhaler device (Massachusetts Institute of Technology [MIT], T106), a prototype, 
low-cost device designed for delivery of particulate bacterial vaccines to infants.24 

A coordinated program is being funded by the Bill & Melinda Gates Foundation Grand Challenges in 
Global Health program to develop a thermostable, dry-powder formulation of measles vaccine. 
Formulations are being developed by Aktiv-Dry, and one part of the program involves developing, in 
association with Becton Dickinson, an inexpensive, single-dose dispenser that delivers the vaccine to 
the respiratory tract. 

Aerosol delivery: concerns and drawbacks 
Some of the main concerns regarding pulmonary vaccine delivery include the following: 

• Aerosol has the potential to exacerbate respiratory diseases such as asthma, and excipients in 
aerosol formulations can be allergenic, particularly for vaccines manufactured in eggs.  

• Inactivated vaccines can be poorly immunogenic when delivered by the respiratory route 
unless potent adjuvants are used; however, use of E. coli heat-labile toxin (LT) in an IN 
influenza vaccine was associated with an increased risk of Bell’s palsy in vaccinees, and the 
vaccine was withdrawn from the market in 2001.10 

• Passive devices that require the patient’s inspiration to generate the aerosol might be 
unsuitable for vaccination of infants who might not have the respiratory power required.  

• In general, dosing might be unreliable if a single inhalation is used to deliver the vaccine. In 
contrast, active devices are likely to be more dependable in terms of dose delivered, but 
treatment may require 30–60 seconds per recipient. 
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Finally, it should be noted that several of the inhaler devices were being developed for the delivery of 
inhaled insulin. The lead product, Exubera™, was recently withdrawn from the market due to 
concerns of increased risk of lung cancer in former smokers (news article in Nature Biotechnology. 
2008;26(5):479). This has led to the cancellation of several other similar programs. While these 
devices were not necessarily suitable for vaccine delivery in LMICs, it is possible that these events 
will have an impact on development of inhaler technology overall. 

Table 13. Potential opportunities from use of inhalation/pulmonary devices. 

Opportunities 
2008–2015  

Opportunities 
2015–2025 

Barriers to use 

▪ Introduction is likely of an 
aerosol formulation of measles (or 
measles-rubella) for campaign 
use. 

▪ Needle-free delivery of 
thermostable, dry-powder 
formulations is likely. 

▪ Risk of exacerbation of 
respiratory diseases. 
▪ Problems controlling the 
destination and the amount of 
dose delivered. 
▪ Might be suitable only for live 
attenuated vaccines. 

8. Intranasal delivery 
IN delivery shares many of the advantages and also disadvantages associated with pulmonary aerosol 
delivery: it should stimulate beneficial, local, mucosal responses, and vaccination is needle-free; 
however, in the absence of suitable mucosal adjuvants, the IN route is likely to be suitable only for the 
delivery of live attenuated vaccines.  

Liquid nasal sprays 

• The Accuspray™ (Becton Dickinson, T056), used to deliver the live attenuated influenza 
vaccine. FluMist™ is currently licensed for IN vaccine delivery in the United States. It 
consists of a prefilled spray syringe that is simple to use, inexpensive, and disposable.10 The 
Accuspray™ was also used to deliver an experimental adjuvanted hepatitis B vaccine 
(NASVAC™); however, 5 doses of 100µg per dose were required for good seroconversion,25 
illustrating the relative inefficiency of the IN route for non-live vaccines. 

• The VP3 pump™ (Valois, T049) has been used in phase I trials of influenza26 and Shigella27 
vaccines.  

• The OptiMist™ device (OptiNose AS, T057) has also been evaluated for inactivated 
influenza vaccine delivery, either with or without mucosal adhesive and adjuvant. The device 
is activated by exhalation, which closes the connection between the nose and throat, ensuring 
the dose is deposited in the nose and not the lungs. The device can also be used with dry-
powder formulations. 
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Dry powder delivery 
Becton Dickinson is developing an investigational DPI (T107), which has been evaluated in 
preclinical studies. Considerable effort is also being directed to the development of novel adjuvants, 
delivery vectors, and formulations that enhance IN delivery; however, these approaches lie outside the 
scope of this report. 

Table 14. Potential opportunities from use of IN delivery devices. 

Opportunities 
2008–2015  

Opportunities 
2015–2025 

Barriers to use 

▪ Likelihood of an increased 
uptake of live attenuated 
influenza vaccines delivered by 
IN route. 

▪ Likely IN delivery of novel 
vaccines (live or with suitable 
adjuvant) against respiratory 
pathogens (e.g., RSV). 

▪ Risk of exacerbation of 
respiratory disease. 
▪ Problems controlling the 
destination and amount of the 
dose delivered, particularly in 
infants with active nasal 
infections and/or secretions. 
▪ Might be suitable only for live 
attenuated vaccines. 

Abbreviations used: IN: intranasal; RSV: respiratory syncytial virus. 

9. Transdermal delivery 
Many systems have been developed for transdermal delivery of small-molecule drugs, most of which 
are not applicable to the large molecules or whole organisms used in vaccines and so have not been 
included in Annex 2.  

For transdermal delivery of vaccines, some means of disrupting the stratum corneum is required to 
allow large molecules to reach the dermal or epidermal layers. Use of microneedles to abrade the skin 
has already been discussed (Section 6). Other approaches to breach the stratum corneum are being 
evaluated, such as electromagnetic energy; however, it is questionable whether these sophisticated 
approaches will be appropriate for use in LMICs.  

• The most advanced technology for needle-free transdermal delivery is Iomai’s transcutaneous 
immunization (TCI) (T016). The LT of ETEC and the B subunit of cholera toxin are powerful 
adjuvants and are able to induce strong immune responses against themselves. These 
molecules may be able to pass through the stratum corneum more readily than other proteins, 
or, more likely, the minute amounts of LT and the B subunit of cholera toxin that reach the 
epidermis are able to induce a potent immune response. These molecules appear to be the 
only proteins for which passive TCI might be appropriate. Recent data from a phase II clinical 
trial of a travelers’ diarrhea vaccine based on TCI delivery of LT showed that the vaccine 
provided significant protection against severe disease.28 However, pretreatment with a mild 
abrasive is still required, and the LT patches need to be worn for 5–8 hours to ensure delivery 
of vaccine,29 which raises issues regarding time taken for vaccination and how to ensure full 
patient compliance. 
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Table 15. Potential opportunities from use of transdermal technology. 

Opportunities 
2008–2015  

Opportunities 
2015–2025 

Barriers to use 

▪ Likely development of needle-
free TCI ETEC vaccine, based on 
LT. 

▪ Likely development of TCI-
based cholera vaccine. 

▪ LT is expressed by only 53% 
of ETEC isolates30; vaccination 
takes approximately 6 hours. 
▪ The approach might be 
applicable only to a very small 
subset of proteins.  

Abbreviations used: ETEC: enterotoxigenic E. coli; LT: heat-labile toxin of E. coli; TCI: transcutaneous 
immunization. 

10. Intradermal needle delivery 
ID delivery using N-S can be performed using the Mantoux technique; however, this is considered to 
be slow and technically difficult. Modification of N-S so that they can be easily used for ID delivery 
might provide some of the benefits associated with dose-sparing.  

• The Soluvia™ device (Becton Dickinson, T019) represents one approach to achieve this end, 
by developing a syringe with a single microneedle.  

• Another approach actively being pursued in a collaboration between PATH and SID 
Technologies (T018) is the development of an adapter that can be used with standard needles. 
The approach should be low cost and simple to develop. 

Table 16. Potential opportunities from use of ID needle delivery. 

Opportunities 
2008–2015  

Opportunities 
2015–2025 

Barriers to use 

▪ Delivery of existing (or 
concentrated) formulations of 
liquid vaccines could have 
potential dose-sparing benefits, 
assuming reactogenicity profiles 
are acceptable. 
▪ Likely to be delivery of novel 
vaccines with liquid formulation, 
especially if developed for ID 
delivery. 

▪ Likely to be increased 
evaluation and uptake of hollow 
microneedle technology for 
delivery of novel and existing 
liquid vaccines. 

 

▪ Continued use of sharps.  
▪ Possible reactogenicity of 
adjuvants. 

Abbreviation used: ID: intradermal. 

11. Prefilled syringes 
Prefilled syringes are already used for some vaccines, e.g., HepB, tetanus, DTP-HepB (Ecovac4™, 
Panacea) (all in Uniject™ devices); HepA, dT, HepB, HPV, MenC, MenACW135Y, rabies, typhoid, 
and VZV. Prefilled syringes reduce vaccine wastage, avoid the need for preservatives, simplify 
delivery, and reduce vaccine administration errors.  
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Table 17. Potential opportunities from use of prefilled syringes. 

Opportunities 
2008–2015  

Opportunities 
2015–2025 

Barriers to use 

▪ Likely increased use of prefilled 
syringes for existing and novel 
vaccines.  

▪ Likely increased use of 
prefilled syringes for novel 
vaccines. 

▪ Continued use of sharps. 
▪ Unit dose format takes up 
more cold chain space.  

Additional technologies that are relevant to the future development of vaccine 
delivery 
This landscape analysis has focused on vaccine delivery devices; therefore, several areas of active 
research relevant to enhancing the efficacy of vaccines were not covered, including:  

Vaccine platform technologies 
New platform technologies for the active components of vaccines have been considered only on a 
vaccine-specific basis. Some technologies have the potential of altering the composition, and 
therefore, the delivery and storage of a wide range of vaccines.  

• DNA vaccines 
DNA vaccines offer many potential advantages for vaccine design and delivery, including 
ease of manufacture and stability at room temperature; however, despite being the focus of 
active research for nearly two decades and some encouraging results in small-rodent models, 
clinical trials have yet to demonstrate efficacy in humans. In order for DNA vaccines to 
achieve a radical impact on vaccination, step changes both in their delivery and 
immunogenicity will be required. 

• Heterologous prime-boost regimens 
Heterologous prime-boost regimens (in which the antigen is delivered in more than one 
format in the prime and boost immunizations) have received much attention because of their 
ability to stimulate broad immune responses, and cell-mediated immune responses in 
particular. Typically, preclinical regimens consist of a DNA vaccine prime, followed by a 
boost with a live attenuated viral vector expressing the same antigen. Use of these potentially 
complex regimens, possibly involving live, genetically modified virus vectors, will have a 
significant impact on storage and delivery technologies required. 

Adjuvants 
The majority of inactivated (killed organism, protein, or protein-polysaccharide conjugate) vaccines 
need to be formulated with an adjuvant in order to be immunogenic. This is particularly true if 
vaccines are delivered via mucosal routes. Many of the vaccine delivery technologies discussed in this 
analysis would benefit from the development of novel adjuvants, such as:  

• Adjuvants that promote antigen presentation in the dermis but that are non-reactogenic, or  
• Adjuvants that enhance mucosal responses.  

Adjuvants are regarded as an active component of a vaccine formulation, and as such, have not been 
included in this analysis. 

Delivery vehicles 
Micro- and nano-particulate formulations are essentially “delivery vehicles” for vaccines. They can 
provide many beneficial properties, including:  

• Slow or controlled release.  
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• Enhanced immunogenicity. 
• Improved delivery to the lungs or nasal passages. 

Use of different particulate formulations will have an impact on which delivery technology will be 
most appropriate for a vaccine; however, because the delivery vehicle is an aspect of the vaccine 
formulation, analysis of the relative merits of the various particle and emulsion formulations was not 
within the scope of this report.  

Factors to be considered when evaluating new vaccine 
delivery technologies  
Implications of changes to approved vaccines 
Regulatory implications 
Changing the delivery device and/or formulation of an existing, approved vaccine requires the 
generation of new data to support the changes and regulatory approval for the changed product before 
it can be used. The degree of testing and level of scrutiny will depend upon the relevant national 
regulatory authority and the type and extent of change. The exact nature of testing and regulatory 
approval will be case-specific. An indication of the regulatory implications of changes relevant to use 
of new delivery devices is shown in Table 18.  

All the changes will require approval from the relevant national regulatory authority, ranging from a 
notification of the change to a full new biologics license application, e.g., for the Food and Drug 
Administration in the United States. 

Clinical trials to support changes to formulation or mode of delivery are more straightforward for 
vaccines that have defined immunological correlates. In the absence of a defined immunological 
correlate of protection, it might be possible to conduct a “non-inferiority clinical trial” using an 
immunological endpoint; however, if the route of vaccination is changed significantly (e.g., SC/IM 
injection to ID delivery by a patch), it is possible that a qualitatively different immune response would 
be induced, so trials based on immunological correlates or non-inferiority of immune response (e.g., 
serum immunoglobulin G titers) would not be based on valid comparisons. 
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Table 18. Examples of changes in vaccine formulation or delivery device and the likely level of 
retesting required to support the new product (by the US Food and Drug Administration). 

 Data required to support changes to approved vaccine 

Type of change 
Analytical 

testing (incl. 
stability) 

GLPa animal 
studies (toxicity 

or efficacy) 

Clinical trials, 
adult 

Clinical trials, 
pediatric 

Product presentation (no reformulation) 

Change in container. Stability No No No 

Liquid-powder or powder-
liquid. 

Yes Probably Probably No 

Change in inactive components 

Removing preservatives. Yes No No No 

Adding approved excipient. Yes Probably Probably Probably 

Adding novel excipient. Yes Yes  Probably Yes 

New delivery method (no reformulation) 

New route. No Yes Yes Yes 

Dose reduction/increase. No Maybe Yes Yes 

New device 

New device and route. Yes Yes Yes Yes 

New device and formulation. Yes Yes Yes Yes 

Change in active components 

Adding an adjuvant (approved 
or novel). 

Yes Yes Yes Yes 

Adapted from Vaccine Development and Reformulation Challenges, PATH internal document; 2008. 
a. GLP: Good Laboratory Practice. 

Commercial implications 
In addition to the requirements and costs of further testing of a changed approved product, simply 
changing the container of the vaccine could require significant investment on behalf of the 
manufacturer, to change filling lines. The investment and time involved in making significant changes 
to the presentation or route of delivery of existing vaccines might not be worthwhile or cost-effective, 
especially for inexpensive, yet effective vaccines such as DTP, MMR, etc.  
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Existing data supporting use of novel immunization routes 
ID immunization 
There is currently considerable interest in use of ID vaccination because of the potential dose-sparing 
effect. This has been heightened by the realization that global manufacturing capacity is insufficient 
for vaccines against potential threats such as pandemic influenza.  

Many live and inactivated vaccines have been delivered by the ID route over the past seven decades, 
generating substantial literature (reviewed in Section 6). Overall, the data are mixed; whether or not 
ID delivery results in dose-sparing varies between different studies and between different vaccines. 
This is perhaps best illustrated with influenza vaccine: 

• One of the first studies to reignite interest in ID delivery reported equivalent immune 
responses with a 6µg/dose ID, compared with the standard 15µg/dose IM (i.e., a 60% dose 
reduction31); however, a subsequent study comparing equivalent reduced doses delivered by 
the two routes showed no difference in immune response following ID or IM vaccination,32 
although ID immunization did induce more local inflammation. 

The data to suggest ID vaccination as a means of dose-sparing are, therefore, equivocal at best, and 
further studies to evaluate ID delivery with different types of vaccine are warranted. 

Aerosol immunization 
Encouraging data have been obtained on delivering vaccines to the respiratory tract in experimental 
models; however, the size and anatomy of the respiratory tract in these models differs greatly from 
humans, and in most cases, vaccine is delivered to the entire respiratory tract, which would not be the 
case in humans.10 Furthermore, non-live vaccines delivered by respiratory routes are poorly 
immunogenic unless adjuvants or muco-adhesives are used. Incorporating such components into 
vaccines would be a significant change, requiring lengthy characterization. 

Current or near-term availability of vaccine delivery 
technologies (2008) 
The only currently available vaccine delivery technologies that could be immediately employed for 
use with existing vaccines are auto-disable and safety syringes. Because auto-disable syringes are 
already widely used in LMICs, new auto-disable syringes with needlestick prevention features would 
offer an additional degree of safety. 

The near-term technologies include prefilled syringes and reconstitution devices. Their application to 
existing vaccines represents a change to the container, and as such, accompanying stability testing and 
regulatory approvals are required. The application of these technologies to vaccines in development, 
however, would be quite straightforward to implement. A number of efforts are underway to provide 
vaccines in prefilled syringes. Vaccines that are currently available or soon to be available in prefilled 
syringes are listed in Table 19. 

At present, there are no reconstitution devices suitable for use in LMICs that are manufactured in 
sufficient quantities. However, PATH is evaluating potential technologies for this purpose, and 
incorporating these technologies into the development of spray-dried, thermostable formulations of 
new vaccines should be relatively straightforward and could have a significant impact on the potential 
acceptability and uptake of dry-powder thermostable vaccines such as hepatitis B, meningitis A 
(conjugate), and measles vaccine. 
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Table 19. Current usage of prefilled syringes or reconstitution devices. 

Vaccines available 
in Uniject™ devices 

Vaccines available 
in other prefilled syringes 

Injected vaccines not 
available in prefilled 

syringes 

2008 Future 2008 Future 2008 

▪ DTP-HepB. 
▪ HepB. 
▪ Tetanus. 

▪ None known. ▪ dT. 
▪ DTP-HebB-Hib-
IPVb. 
▪ Flu-pandemic. 
▪ Flu-seasonal. 
▪ HepA. 
▪ HepB. 
▪ HPV. 
▪ IPV. 
▪ MenACW135Y. 
▪ MenC. 
▪ MMRc,d.  
▪ Pneumo. 
▪ Rabies. 
▪ Typhoid. 
▪ VZV. 

▪ JE (killed). 
▪ MenACW135Y-
TT (possibly). 

 

▪ BCGa.  
▪ DT. 
▪ DTP-HepB-Hib. 
▪ Measlesc. 
▪ MenA-conjc. 
▪ MenAC. 
▪ MenACW135. 
▪ MR. 
▪ YF. 

a. Delivered ID. 
b. Available in Bioset™ reconstitution device.  
c. Lyophilized vaccine. 
d. Diluent only. 

Abbreviations used: BCG: Bacille Calmette Guerin, for tuberculosis; conj.: conjugated, usually 
polysaccharide conjugated to protein; D: diphtheria toxoid (d: low-dose; D: high-dose); Flu: influenza; HepA: 
hepatitis A; HepB: hepatitis B; Hib: Haemophilus influenzae type b; HPV: human papillomavirus; IPV: 
inactivated polio vaccine; JE: Japanese encephalitis; Men: meningitis, from  Neisseria meningitidis (serotypes 
A, C, W135, Y, or X); MMR: measles, mumps, and rubella; MR: measles, rubella; P: pertussis; Pneumo: 
pneumococcus, from Streptococcus pneumoniae; T: tetanus toxoid (or TT); VZV: varicella zoster virus; YF: 
yellow fever. 
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Promising applications of novel vaccine delivery 
technologies for existing and new vaccines 
Novel vaccine technologies and existing vaccines 
In the medium term, some potentially beneficial changes in the delivery of existing approved vaccines 
might be possible that require no or only minor reformulation. These are listed in Table 20. 

Table 20. Existing approved vaccines that might be appropriate for possible application of novel 
vaccine technologies.  

Vaccine  Change Rationale Programs 

Trivalent influenza 
vaccine. 

ID delivery via hollow 
microneedles or DCJIs. 

▪ No adjuvant–therefore 
avoids reactogenicity 
issues. 
▪ Existing liquid 
formulation (or possible 
concentrated formulation). 

Evaluated by Sanofi 
Pasteur using Soluvia™ 
ID microneedles. 

 

EPI vaccines, 
various.  

DCJI delivery including 
ID reduction evaluation. 

▪ Evaluate dose-sparing 
potential for relatively 
expensive vaccines. 
▪ Evaluate acceptability of 
alternative delivery 
technology. 

To be included in PATH, 
CDC, WHO DCJI 
evaluation project. 

Rabies. ID delivery via hollow 
microneedles or DCJIs. 

▪ No adjuvant–therefore 
avoids reactogenicity 
issues. 
▪ Rabies vaccine delivery 
is unreliable. 

Part of PATH ID delivery 
evaluation. 

Measles. Aerosol delivery. ▪ Vast clinical experience 
with existing formulation. 

WHO Measles Aerosol 
Project underway (with 
CDC, Gates Foundation, 
Serum Institute of India, 
Sabin Vaccine Institute). 

BCG. Particulate formulations 
for aerosol delivery. 

▪ Heat-stable formulations.
▪ Aerosol delivery should 
induce appropriate 
immune response. 

D. Edwards, MIT 
(Gates Foundation Grand 
Challenge funding). 

Lyophilized 
vaccines. 
 

Presentation in prefilled 
reconstitution device 
with/without needle. 

▪ Simple administration. 
▪ Improved accuracy. 

PATH evaluation and co-
development of devices 
ongoing. 

Abbreviations used: BCG: Bacille Calmette Guerin; CDC: US Centers for Disease Control and Prevention; 
EPI: Expanded Programme on Immunization; DCJI: disposable cartridge jet injector; ID: intradermal; WHO: 
World Health Organization. 
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Novel vaccine delivery technologies and new vaccines 
The introduction of novel vaccine delivery technologies is likely to be more straightforward (and 
possibly cost-effective) with new vaccines because evaluation of the desired device and formulation 
can be incorporated into the clinical testing program. Examples are listed in Table 21. 

Table 21. Vaccines/vaccine types in development that might be appropriate for exploration of 
novel vaccine technologies.  

Vaccine  Change/development Rationale Programs 

Rotavax™. Development of heat-stable 
buccal wafers. 

▪ Oral delivery.  
▪ Heat-stable formulation–
remove from cold chain. 

Ongoing at Aridis 
Pharma. 

Rotavax™. Development of heat-stable 
liquid and dry formulations 
for use with reconstitution 
devices. 

▪ Remove from cold chain.  
▪ Simplify and improve 
reconstitution. 

Ongoing at PATH in 
collaboration with 
Aridis Pharma. 

Influenza 
(pandemic). 

Use of hollow microneedles or 
microneedle patch for 
delivery. 

▪ Dose-sparing and rapid, 
simple delivery would be 
advantageous in pandemic. 

Iomai is developing 
TCI delivery of 
influenza vaccine. 

ETEC / 
Holovax™. 

Heat-stable powder in 
reconstitution device, or heat-
stable buccal wafer. 

▪ Oral delivery. 
▪ Heat-stable formulation. 

Ongoing as part of 
PATH Enteric 
Vaccines Initiative. 

JE or dengue or 
YF (live 
formulations). 

ID delivery by microneedle 
patch or hollow microneedle 
syringe. 

▪ ID delivery should promote 
virus replication in epidermis. 
▪ Might allow reduced dose to 
be used. 
▪ Possible safety concerns with 
live virus replication on the 
skin. 

No known programs. 

Abbreviations used: ETEC: enterotoxigenic E. coli; ID: intradermal; JE: Japanese encephalitis; TCI: 
transcutaneous immunization; YF: yellow fever.  
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Conclusions 
The development of novel vaccines is a lengthy and uncertain process; consequently, it is difficult to 
make accurate predictions regarding which vaccines currently in development will be efficacious and 
when they will be approved for use. It is clear, however, that the number of vaccines relevant for use 
in LMICs will increase between now and 2025.  

Current trends also suggest that the vast majority of novel vaccines or vaccine combinations in the 
pipeline are likely to be delivered using standard methods, i.e., SC or IM injection using needles and 
syringes, unless clinical data are obtained and/or incentives to support alternative delivery strategies 
suitable for LMICs are developed.  

The potential safety benefits that would result from reducing use of needles and syringes are well 
known. Use of novel vaccination delivery strategies could potentially have other benefits, such as ease 
and speed of administration, reduced dependence on trained health care workers, and reduced waste. 
A wide range of possible novel vaccine delivery technologies are in development, ranging from 
modifications to existing needles and syringes to devices that require development of new, 
thermostable vaccine formulations. In general, the novel approaches being considered aim to: 

• Reduce N-S use. 
• Reduce the dose of vaccine required and/or reduce wastage. 
• Deliver the vaccine by a route that will stimulate an appropriate immune response.  

These are clearly worthwhile goals. There are, however, a number of obstacles facing the 
development of novel vaccine delivery technologies. 

• The level of investment required to support alternative vaccine delivery technologies is 
significant. Any changes made to an existing approved vaccine to make it suitable for a novel 
delivery method will require considerable preclinical and clinical testing of the new vaccine-
device combination as well as substantial investment by the manufacturer in production and 
filling lines. 

• The data to support the use of new routes or devices are not always clear-cut. For example, 
the data supporting dose-sparing by ID vaccination are equivocal, and to date, suggest that ID 
immunization might be feasible and beneficial for some vaccines but not others.  

• Many of the devices currently in development are too complex and/or costly for widespread 
use in LMICs. Demonstration programs could help to identify promising technologies worthy 
of further development or adaptation for use in LMICs. 

• Some of the approaches (e.g., biodegradable implants and solid vaccine-coated microneedles) 
will require significant effort to be spent in developing appropriate vaccine formulations that 
are compatible with the delivery technology, in addition to developing the device/technology 
itself. Consequently, these approaches will not be available until the medium to long term 
(after 2015). In addition, they might require a greater level of collaboration between the 
vaccine manufacturers and the delivery device manufacturers than has been the case until 
now. 

Evaluation and implementation of new vaccine delivery technologies can therefore be considered over 
different time frames. 

In the short term, activities using devices and vaccines that are available and/or easy to develop 
should be pursued, including: 

• Increasing the use of auto-disable syringes and anti-needlestick devices. Particularly, syringes 
that combine both properties would improve safety. 
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• Development and evaluation of reconstitution devices that can be used with existing vaccines 
and new thermostable powders when they become available. 

It should also be possible, however, to undertake demonstration programs to evaluate novel delivery 
technologies with existing vaccines that could then yield benefits in the medium term. These projects 
would generate data more quickly if they focus on delivery technologies that are compatible with 
existing vaccine formulations. Examples include ID injection by microneedles attached to syringes, 
DCJIs, and evaluation of new integrated reconstitution devices. Positive data from these studies 
should: 

• Identify which vaccines are likely to be most suitable for different delivery approaches. 
• Lead to the initial introduction of the “first generation” of alternative delivery devices (either 

needle-free or employing microneedles). 
• Generate data to support the concept of using methods other than N-S for vaccine delivery.  

Ultimately, because of the costs involved, the most efficient way to incorporate new vaccine delivery 
methods and formulations will be to encourage their use with novel vaccines while the candidate 
vaccines are in late preclinical or early clinical development. A sequential adoption of novel, 
increasingly sophisticated vaccine delivery methods can be envisaged, as represented in the 
speculative figure on the following page.  
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Figure 1. Potential evolution of vaccine delivery methods—for discussion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations used: DCJI: disposable cartridge jet injector; ID: intradermal; IM: intramuscular; IN: 
intranasal; LAIV: live attenuated influenza vaccine; SC: subcutaneous; TIV: trivalent influenza vaccine. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Contents:  
1. Summary Table 1. Vaccine types: main issues around the current and future use of existing vaccines and prospects for the 

pipeline addressing changes in target population. 
2. Summary Table 2. Vaccines licensed or in clinical development: list of vaccines and issues around their suitability for 

technical development. 
 
 
How to use: 

• Vaccine (disease) type: Each vaccine type has an identification number (e.g., VT001) to enable cross-referencing between the 
summary tables and the individual directories (available on request). 

• Vaccine: Each vaccine has an identification number (e.g., V001), which allows cross-referencing between summary tables and 
the relevant vaccine type directory (available on request). 

 
Methodology: 
1. List of single/combination vaccine (disease) types likely to be important in low- and middle-income countries to 2025: List 

of 32 vaccines provided. 
2. For each vaccine type: search of individual vaccines using public domain information (including the World Health Organization 

[WHO] and stakeholders) and some internal documents (PATH/GAVI Alliance); attempted to update status using web searching, 
especially of company websites (including all available press releases); attempted to identify additional vaccines in clinical trials 
using PubMed and recent reviews. 

3. Criteria for selection: included vaccines that are licensed in any territory; priority was given to United Nations/WHO prequalified 
vaccines; focus on vaccines in at least phase I trials for which there is no evidence of the program being abandoned; some vaccines 
in preclinical stages are listed at the end of directories. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 
 

Summary Table 1. Vaccine types that could be used in low- and middle-income countries to 
2025: current availability, pipeline, barriers to use, and changes to vaccines that would assist 
meeting need 
 
Notes: 

• Assumption has been made that all future vaccines must be effective and safe, with acceptable reactogenicity. 
• Assumed that an ideal vaccine would be inexpensive, easy to administer (including self-administration) via oral/intranasal/skin patch route (but injection 

acceptable), have small storage volume, storable out of cold chain with long-lasting stability, generate few sharps and minimal clinical waste, and give 
long-lasting protection after only a single dose; they would be suitable for all ages and safe and effective in the immunosuppressed. 

 
Abbreviations used: Ab: antibody; Al: aluminum; BCG: Bacille Calmette Guerin, for tuberculosis; CMV: cytomegalovirus; conj.: conjugated (usually 
polysaccharide conjugated to protein); CVD: Centre for Vaccine Development; D: diphtheria toxoid (d: low-dose; D: high-dose); EPI: Expanded Programme on 
Immunization; ETEC: enterotoxigenic E. coli; GSK: GlaxoSmithKline; HepA: hepatitis A; HepB: hepatitis B; HepE: hepatitis E; Hib: Haemophilus 
influenzae; HPV: human papillomavirus; ID: intradermal; IM: intramuscular; IN: intranasal; incl.: including; IPV: inactivated polio vaccine; JE: Japanese 
encephalitis; LMICs: low- and middle-income countries; LT: heat-labile toxin of E. coli; Men: meningitis, from Neisseria meningitidis (serotypes A, C, W135, 
Y, or X); MMR: measles, mumps, and rubella; mo: months old; MR: measles, rubella; NA: not applicable; NZ: New Zealand; OCC: out of cold chain; mOPV: 
monovalent oral polio vaccine (types 1, 2, or 3); OPV: trivalent oral polio vaccine; P: pertussis; PHC: primary health care; Pneumo: pneumococcus, from 
Streptococcus pneumoniae; PQ: prequalified; PS: polysaccharide (usually implies not conjugated to protein); RSV: respiratory syncytial virus; SAGE: Strategic 
Advisory Group of Experts; SAEs: serious adverse events; Sanofi: Sanofi Pasteur; STI: sexually transmitted infection; T: tetanus toxoid (or TT); TB: 
tuberculosis; UK: United Kingdom; unconj.: polysaccharide unconjugated to protein; VZV: varicella zoster virus; WHO: World Health Organization; wo: 
weeks old; YF: yellow fever yo: years old. 
 

Vaccine delivery strategy Target population Disease/ 
vaccine group 
(ID number) 

Vaccines: 
licensed/clinical 

trials 2008 Desirable 2008 Desirable Issues Potential for the 
future 

Combination vaccines 
 
DTP-HepB 
(VT001) 

5 PQ suppliers. ▪ Routine. ▪ Routine. ▪ Infants > 6 wo.  ▪ Infants. ▪ Cost. 
▪ Whole-cell pertussis is 
more reactogenic. 

▪ Move to acellular 
pertussis for reduced 
reactogenicity. 
▪ Move to alternative 
combinations, e.g., with 
HepB or IPV. 

 
DTP-HepB-Hib 
(VT002)  

Several suppliers: 
4 PQ (wP). 
2 licensed not PQ. 
1 in phase III. 

▪ Routine. 
▪ Campaign. 

▪ Routine. 
▪ Campaign. 

▪ Routine: infants 
> 6 wo < 2 yo). 
▪ Catch-up for 12–
24 mo. 
▪ Booster doses < 
5 yo. 

▪ Expansion of coverage 
in LMICs. 

▪ Cost. 
▪ Lack of evidence for 
burden of Hib. 
▪ Whole-cell pertussis is 
more reactogenic. 
▪ Some brands need to 

▪ Lower cost. 
▪ Move to all liquid. 
▪ Move to include IPV. 
▪ Move to acellular 
pertussis. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Vaccine delivery strategy Target population Disease/ Vaccines: 
vaccine group 
(ID number) 

licensed/clinical 
trials 2008 Desirable 2008 

Potential for the Issues Desirable future 

be reconstituted and 
some are fully liquid. 
▪ Combinations without 
Hib might be more 
popular. 

 
DTP-HepB-Hib-
IPV 
(VT003) 

2 expensive vaccines 
used in 
industrialized 
countries:  
0 PQ. 
2 licensed not PQ. 

▪ Routine. ▪ Routine, after 
switch from 
OPV/mOPV to IPV. 

▪ Infants > 6 wo < 
2 yo. 

▪ Expand coverage, after 
eradication of polio. 

▪ Cost. 
▪ Would not be used in 
countries using 
OPV/mOPV. 
▪ Some brands need to 
be reconstituted and 
some are fully liquid. 

▪ Lower cost. 
▪ Move to replace IPV with 
Sabin-strain-derived IPV 
(for safer production). 

 
MenACW135Y-
TT 
(VT006) 

No existing vaccine. 
4 in phase II. 
2 n phase I. 

Unknown. Unknown. Unknown. Unknown. No existing vaccine.  

 
MR 
(VT004) 

Several vaccines: 
2 PQ. 
3 licensed not PQ. 

▪ Routine. 
▪ Campaign. 

▪ Routine. 
▪ Campaign. 

▪ Infants. 
▪ Adolescents and 
preconception 
females. 
▪ Likely contacts 
of pregnant 
women. 

▪ Same. ▪ Requires 
reconstitution. 
▪ Cost. 

▪ Could develop aerosol 
and/or spray-dried 
formulations, if aerosol 
and/or spray-dried measles 
vaccine is successful. 
 

 
MMR 
(VT005) 

Several vaccines: 
3 PQ. 
4 licensed not PQ. 

▪ Routine. 
▪ Campaign. 

▪ Routine. 
▪ Campaign. 

▪ Infants. ▪ Infants. ▪ Requires 
reconstitution. 
▪ Cost. 
▪ Infants not being 
protected before 
primary series. 

▪ Could develop aerosol 
and/or spray-dried 
formulations, if aerosol 
and/or spray-dried measles 
vaccine is successful. 

 
DT/dT 
(VT007) 

Several vaccines: 
DT:4 + dT:3 PQ. 
DT:3 + dT:6 licensed 
not PQ. 
 

▪ Routine. 
▪ Campaign. 
▪ Outbreak 
response. 

▪ Routine. 
▪ Campaign. 
▪ Outbreak response. 

▪ DT: infants < 7 
yo (final 2/5 
doses). 
▪ dT: children > 7 
yo (final 2/5 
doses) + adults 
(booster), 
especially health 
care workers. 

▪ Better coverage. ▪ Tetanus sometimes 
used on its own because 
slightly less expensive. 

▪ New vaccines that give 
longer duration by fewer 
doses with less 
reactogenicity. 

Single vaccines 
 
Cholera 
(VT008) 

A few suppliers: 
1 PQ. 
2 licensed not PQ. 
3 in phase II/III. 
2 in phase I. 

▪ Outbreak 
response. 
▪ Some routine. 

▪ Routine EPI (in 
high-risk areas). 

▪ Infants > 2 yo. ▪ Infants < 2 yo. 
▪ Refugee camp use. 

▪ Cost and supply. 
▪ Perception of need. 
▪ Some brands need to 
be reconstituted and 
some are fully liquid. 

▪ License for younger 
infant use. 
▪ Single dose. 
▪ Longer duration of 
protection. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Vaccine delivery strategy Target population Disease/ Vaccines: 
vaccine group 
(ID number) 

licensed/clinical 
trials 2008 Desirable 2008 

Potential for the Issues Desirable future 

▪ Protect against all 
serotypes. 
▪ Combination with other 
enteric vaccines. 
▪ Use when lack of clean 
water. 
▪ Thermostability would be 
useful (for stockpile). 

 
CMV 
(VT009) 

No licensed 
vaccines. 
3 in phase II/III. 
5 in phase I. 

NA. ▪ Routine. 
▪ Campaign. 

NA. ▪ Infants (if long-lasting 
immunity). 
▪ Pre-conception 
women. 
▪ Pre-transplant. 
▪ Possibly elderly. 

NA. ▪ License for use in infants. 
▪ Duration of immunity 
must protect pregnant 
women. 
▪ Impressive cost-
effectiveness data. 

 
Dengue 
(VT010)  

No licensed vaccine. 
2 in phase II/III. 
2 in phase I. 

NA. ▪ Routine. NA. ▪ All ages. NA. ▪ Need protection against 
all 4 species. 
▪ Protect all ages, 
especially infants > 6 mo. 
▪ Aim for 1–2 doses. 

 
ETEC 
(VT011) 

No licensed vaccine 
but 3 months of 
protection with 
Dukoral. 
1 in phase II/III. 
1 in phase I. 

NA. ▪ Routine. NA. ▪ Infants < 5 yo. 
▪ Possibly older 
children. 
▪ Possibly adults. 
 

NA. ▪ License for use in infants. 
▪ Preferably from birth. 
▪ Protect against diversity 
of subtypes. 
▪ 1–2 doses. 
▪ Useful to be combined 
with other enteric vaccines. 

 
HepA 
(VT012) 

Several vaccines: 
8 licensed. 
0 in trials. 

▪ Routine. 
▪ Outbreak 
response. 
▪ Campaign. 

▪ Shift to routine 
(depends on 
endemicity). 

▪ Infants > 12 mo. 
▪ Adolescents and 
adults (e.g., 
travelers). 

▪ Increased coverage of 
infants of lower age. 

▪ Some brands need to 
be reconstituted and 
some are fully liquid. 

▪ Reduce cost. 
▪ Promote benefits. 

 
HepB 
(VT013) 

Many monovalent 
vaccines—2 using 
Uniject™ device 
(also used in 
combinations). 
Uniject™ device 
monovalent 
important for birth 
dose: 
9 PQ. 
6 licensed not PQ. 
1 in phase II/III. 
1 in phase I. 
 

▪ Routine 
(fixed/outreach). 
▪ Campaign. 

▪ More routine at 
younger ages. 
▪ More campaign for 
catch-up infants and 
most at-risk adults. 

▪ Infants to 
prevent perinatal 
infection. 
▪ Infants to 
prevent any 
infection. 
▪ Adults at higher 
risk. 

▪ More birth dose where 
risk of perinatal 
infection. 

▪ Diminishing market 
due to proliferation of 
combination products. 

▪ Reduction in doses could 
be useful. 
▪ Therapeutic vaccines 
useful for older ages. 
▪ Novel adjuvants would 
probably be required for 
change from IM to ID. 
▪ 1 IN vaccine in phase I 
(probably for therapeutic 
use). 
▪ Thermostable vaccine 
possible. 

Project Optimize – landscape analysis July 2008    
Page 4 of 46    
  



Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Vaccine delivery strategy Target population Disease/ Vaccines: 
vaccine group 
(ID number) 

licensed/clinical 
trials 2008 Desirable 2008 

Potential for the Issues Desirable future 

 
HepE 
(VT014) 

No licensed vaccine. 
2 in phase II/III. 

NA. ▪ Routine. 
▪ Outbreak response. 

NA. ▪ Pregnant women most 
at risk. 
▪ Potentially all ages. 

NA. ▪ Suitable for emergency 
use (e.g., after floods). 
▪ License for all ages but 
low priority for EPI. 

 
HPV 
(VT015) 

2 very recently 
available vaccines 
(2-valent and 4-
valent). 
2 licensed not PQ. 
2 in phase II/III. 
1 in phase I. 

▪ Routine. 
▪ Campaign. 

▪ Routine. 
▪ Campaign. 

Not yet 
introduced to 
LMICs. 
▪ WHO SAGE 
discussed in 
November 2008. 

▪ In future: routine EPI 
0–11 mo (if duration of 
immunity will protect 
for long enough); 
catch-up of women 
unlikely in some 
countries. 
▪ Possibly boys/men (4-
valent vaccine). 

▪ Cost of first-
generation vaccines. 
▪ Perception of benefits 
of vaccination in some 
countries. 
▪ Cultural issues (STI or 
anti-cancer vaccine). 

▪ Low-cost vaccine. 
▪ Multi-dose vials. 
▪ Show immunogenicity in 
< 10 yo. 
▪ Protection against 
most/all strains in LMICs. 
▪ Reduction in number of 
doses would be useful (to 2 
and/or annual schedule). 
▪ Female-only: monovalent 
or with tetanus. 
▪ For both sexes: could 
combine with other EPI 
vaccines. 
▪ Mercury-free 
preservative for multi-
dose. 

 
Influenza-
pandemic 
(VT016) 

Several vaccines 
available for 
stockpiling, 
potentially for pre-
pandemic use—but 
in short supply. 
8 licensed not PQ. 
15 in phase II/III. 
14 in phase I. 

▪ Pre-pandemic: 
campaign/routine. 

▪ Post-pandemic: 
outbreak response.  
▪ Campaign. 

▪ Depends on 
vaccine and nature 
of strain/disease: 
infants to elderly; 
several subgroups 
to total population. 

▪ Protect entire 
population at risk, those 
most likely to transmit, 
most likely to have 
severe disease, or most 
essential for services. 

▪ Strain of pandemic 
cannot be predicted in 
advance. 
▪ Cost, budget, supply, 
and logistics. 
▪ Avian-derived strains 
tend to be less 
immunogenic than 
seasonal and more 
difficult to manufacture. 

▪ Many strategies to 
improve supply. 
▪ Novel technologies to 
improve immunogenicity 
and ease logistics. 

 
Influenza-
seasonal 
(VT017) 

Many suppliers to 
industrialized: 
26 licensed not PQ. 
6 in phase II/III. 
6 in phase I. 

▪ Routine (annual, 
industrialized). 

▪ Routine: expand to 
LMICs (probably 
annual). 

▪ Industrialized: 
infants, elderly + 
others at risk of 
severe disease (or 
contacts of). 

▪ Depends on 
epidemiology in that 
country—possibly 
infants and elderly. 

▪ Cost, budget, and 
supply. 
▪ Perception of need. 
▪ Annual change of 
strains. 

▪ Threat of pandemic flu 
has changed market and 
rate of innovation. 
 

 
JE 
(VT018) 

Single-dose vaccine 
available: 
3 licensed not PQ. 
4 in phase II/III. 
0 in phase I. 

▪ Routine. 
▪ Campaign 
(schools, PHCs). 

▪ Routine. 
▪ Campaign, if new 
introduction of virus, 
followed by routine. 

▪ EPI: e.g., infants 
at 8, 9, or 12 mo. 
▪ At-risk adults. 

▪ No changes expected. 
▪ Expand to new areas 
as required. 

▪ Previous vaccines 
were less safe. 
▪ Supply and price. 
▪ Perception of need. 
▪ Some brands need to 
be reconstituted and 
some are fully liquid. 

▪ Single vaccine, but also 
combined with measles 
(trials underway). 
▪ Unlikely to change route 
of administration. 
▪ Pan-flavivirus vaccine 
could be useful, but 
technical feasibility is 
unknown. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Vaccine delivery strategy Target population Disease/ Vaccines: 
vaccine group 
(ID number) 

licensed/clinical 
trials 2008 Desirable 2008 

Potential for the Issues Desirable future 

 
Malaria 
(VT019) 

No licensed vaccine; 
first-generation 
vaccine in late-stage 
trials: 
5 in phase II/III. 
9 in phase I. 

NA. ▪ Routine as EPI. 
▪ Campaign. 

NA. ▪ Preferably all ages. 
▪ Priority: infants and to 
protect pregnant 
women. 
▪ Travelers, private. 
market. 

NA. ▪ Efficacy (anti-infection 
or anti-disease) in diversity 
of transmission settings 
and against diverse 
parasites (many strains). 
▪ Moderate to long 
duration of immunity, or 
short but boostable. 
▪ Novel adjuvants probably 
required for generally 
poorly immunogenic 
antigens. 
▪ Multi-stage and multi-
antigen vaccine probably 
required, possibly 
heterologous prime-boost, 
possibly using live vector. 

 
Measles 
(VT020) 

Several vaccines: 
4 PQ. 
4 licensed not PQ. 
 

▪ Routine. 
▪ Campaign. 

▪ Routine. 
▪ Campaign. 

▪ Infants with 
“second 
opportunity” as 
enter primary 
school. 

▪ Younger infants 
possibly. 

▪ Logistics and budget. 
▪ Some brands need to 
be reconstituted and 
some are fully liquid. 

▪ Potential for needle-free 
and by non-health 
professionals. 

 
MenA 
(VT021) 

Several unconj. PS 
vaccines in use 
(poor 
immunogenicity), 
especially for 
outbreaks in Africa, 
but being replaced 
by bi- or multi-
valent conj. vaccines 
(longer duration): 
1 licensed not PQ. 
1 in phase II/III. 

▪ Routine. 
▪ Campaign. 
▪ Outbreak 
response. 

▪ Campaign/routine 
in meningitis belt 
(with conj. MenA). 
▪ More routine, 
especially in infants. 
▪ Better outbreak use, 
e.g., Africa MenA 
meningitis belt. 

▪ Campaign: 1 to 
29 yo (or most at-
risk age groups 
first), then routine 
in infants with 
catch-up every 4 
years. 

▪ Preferably all ages, but 
infants, teenagers, and 
young adults a priority. 

▪ Supply of low-cost 
vaccines (multi-valent 
vaccines are expensive). 

▪ Ideally use conj. multi-
valent vaccine (but 
technical difficulties and 
cost). 
▪ Conj. MenA in late-stage 
development. 
▪ Jet injection possible for 
campaigns. 
▪ Develop OCC version or 
that is not sensitive to 
freezing, possibly a non-Al 
adjuvant. 
▪ Prequalified conj. multi-
valent vaccine for use in 
infants < 2 yo. 
▪ Develop more-
immunogenic and/or with 
longer duration of 
protection. 
▪ Vaccines suitable for 
stockpile for outbreak use 
(MenAC, MenACW135, 
and MenA conj.). 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Vaccine delivery strategy Target population Disease/ Vaccines: 
vaccine group 
(ID number) 

licensed/clinical 
trials 2008 Desirable 2008 

Potential for the Issues Desirable future 

 
MenB 
(VT021) 

1 vaccine produced 
specifically for use 
in NZ: 
1 licensed not PQ 
(NZ only). 
3 in phase II/III. 

▪ In NZ 
(epidemic): 
campaign and 
routine. 

▪ In endemic areas: 
campaign and 
routine. 

▪ NZ only: long-
term epidemic of a 
particular B strain: 
protect at-risk age 
groups. 

▪ In NZ: probably 
continue strategy until 
epidemic under control. 
▪ In endemic areas: 
protect at-risk age 
groups with either 
MenB vaccine or multi-
valent, incl. MenB, 
strains. 

▪ In NZ: vaccine based 
on outer membrane 
vesicles used. 

▪ Develop additional MenB 
vaccines that give long-
term protection to all B 
strain infections (probably 
as multi-valent vaccines). 
▪ In medium term, develop 
multi-valent MenB or 
broad-spectrum (probably 
protein-based) MenB 
vaccine. 
▪ MenB is less high-
priority for use in LMICs 
compared with MenA than 
MenCW135 and MenY. 

 
MenC 
(VT021) 

Licensed vaccines 
are all conj. (to 
tetanus or 
diphtheria toxoid) 
because PS ones can 
induce tolerance: 
3 licensed not PQ. 
1 in phase I. 

    ▪ MenA has higher 
priority than MenC in 
LMICs. 
▪ Existing conj. vaccines 
used in western 
countries (e.g., UK). 
▪ Some brands need to 
be reconstituted and 
some are fully liquid. 

▪ Develop multi-valent 
vaccines containing MenC 
(e.g., MenAC or 
MenACW135YX). 

 
MenAC 
(VT021) 

Unconj. MenAC 
vaccine available at 
low cost for 
outbreaks 
(stockpile): 
3 PQ. 
3 licensed not PQ. 
1 in phase II/III. 

▪ Outbreak 
response. 

▪ Outbreak response. 
▪ Routine. 

▪ Infants > 2 yo. 
▪ At-risk age 
groups, travelers. 

▪ Protect all at risk, but 
probably using vaccine 
with greater valency 
(unless price is an 
issue). 

▪ Not conj. so shorter 
duration. 
▪ Cost and supply. 
▪ Some brands need to 
be reconstituted. 

▪ 1 conj. MenAC under 
development. 
▪ Multi-valent 
MenACW135Y(X) 
vaccines likely to be more 
useful but also more 
expensive. 

 
MenBC 
(VT021) 

1 vaccine from 
Cuba using purified 
MenB antigen: 
1 licensed not PQ. 

Unknown. Unknown. ▪ Infants > 3 mo. Unknown. ▪ Less desirable 
combination. 

Unknown. 

 
MenACW135 
(VT021) 

1 unconj. vaccine 
available for 
epidemic use in 
Africa: 
1 PQ. 

▪ Probably 
outbreak response 
only. 

Unknown. ▪ Epidemics: 
infants > 2 yo; 
at-risk adults (e.g., 
travelers). 

▪ Unknown, possibly in 
younger infants. 

▪ Unknown, probably 
cost and supply. 
▪ Some brands need to 
be reconstituted and 
some are fully liquid. 

▪ Conj. version should give 
longer duration of 
protection. 
▪ Might be preferable to 
add Y (and possibly X) 
serotype. 

 
MenACW135Y 
(VT021) 

1 unconj. and 1 
conj. vaccine (only 
licensed in > 11 yo): 
3 licensed not PQ. 

  ▪ Infants > 2 yo 
(unconj.) or > 11 
yo (conj.). 

▪ Probably for younger 
infants. 

▪ Probably too costly for 
LMICs. 
▪ Unconj. vaccines 
likely to have short 

▪ Existing conj. vaccine 
has applied for extension 
of license to > 2 yo. 
▪ New conj. vaccine (> 2 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Vaccine delivery strategy Target population Disease/ Vaccines: 
vaccine group 
(ID number) 

licensed/clinical 
trials 2008 Desirable 2008 

Potential for the Issues Desirable future 

1 in phase II/III. duration of protection. 
▪ Some brands need to 
be reconstituted and 
some are fully liquid. 

mo) in late-stage trial. 
▪ Long duration most 
useful. 
▪ Needs to be low cost. 
▪ Needs to fit into EPI. 

 
Pneumo 
(VT022) 

2 types of multi-
valent vaccines: 7-
valent conj. and 23-
valent unconj; 
4 licensed not PQ. 
2 in phase II/III. 

▪ Routine. 
▪ Individual. 

▪ Routine: infants. 
▪ Individual (to at-
risk children and 
adults, incl. elderly). 

▪ Infants. 
▪ At-risk children, 
adults, and elderly. 

▪ Infants. 
▪ At-risk children, 
adults, and elderly. 

▪ Cost. 
▪ Mismatch of 7-valent 
to serotypes in some 
LMICs (new conj. 
vaccines in development 
will address this issue). 
▪ Lack of 
immunogenicity of 23-
valent in < 2 yo. 

▪ 10- and 13-valent conj. 
vaccines in late phase III—
but probably too costly. 
▪ IN would be good but IM 
acceptable. 
▪ Need better 
immunogenicity. 

 
Polio—OPV 
(VT023) 

Several suppliers, 
low cost and oral: 
6 PQ. 
4 licensed not PQ. 

▪ Routine. 
▪ Campaign. 

▪ Routine. 
▪ Campaign. 

▪ Infants in 
endemic areas pre-
eradication. 

▪ Post-eradication: 
change to IPV. 

▪ Post-eradication: will 
be considered too risky 
to use. 

▪ Change to IPV and 
probably mOPV for 
outbreak response. 

 
Polio—mOPV1 
(VT023) 

Licensed in several 
countries—more 
immunogenic than 
OPV for the 
outbreak type: 
1 PQ. 
2 licensed not PQ. 

 
Polio—mOPV2 
(VT023) 

Fewer outbreaks 
with type 2 polio. 
1+ in phase II/III. 

 
Polio—mOPV3 
(VT023) 

Licensed in several 
countries—more 
immunogenic than 
OPV for the 
outbreak type: 
2 licensed not PQ. 

▪ Campaign. 
▪ Outbreak 
response. 

▪ Campaign. 
▪ Outbreak response. 

▪ Infants. 
▪ At-risk, during 
outbreak. 

▪ Infants. 
▪ At-risk, during 
outbreak. 

▪ Type used needs to 
match outbreak. 
▪ mOPV2 is not yet 
licensed. 

▪ Post-eradication: 
probably will be used only 
for stockpiles for outbreak 
response. 

 
Polio—IPV 
(VT023) 

Several suppliers, 
but used only in 
industrialized 
countries so far: 
1 PQ. 
3 licensed not PQ. 
1 in phase I (Sabin-
IPV). 
 
 

▪ Routine. ▪ Routine (post 
eradication). 

▪ Infants. ▪ Infants. 
▪ Post-eradication: 
should replace OPV in 
EPI. 

▪ Cost is greater than 3-
valent OPV. 
▪ Needs to be injected. 
▪ Combinations with 
IPV tend to have 
acellular pertussis, too, 
which increases cost. 

▪ Increasingly incorporated 
into DTP combinations. 
▪ Move to manufacture 
using Sabin attenuated 
strains for biosafety. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Vaccine delivery strategy Target population Disease/ Vaccines: 
vaccine group 
(ID number) 

licensed/clinical 
trials 2008 Desirable 2008 

Potential for the Issues Desirable future 

 
Rabies 
(VT025) 

Several vaccines: 
3 PQ. 
6 licensed not PQ. 

▪ Individual. ▪ Routine in high-risk 
areas. 

▪ Mostly at-risk 
occupations and 
post-exposure 
(especially after 
dog bites). 

▪ Infants in enzootic 
areas. 

▪ Cost and supply of 
cell-culture-derived 
vaccines. 
▪ Preference for post-
exposure use and/or 
passive Ab. 
▪ Other control 
measures (e.g., 
vaccination of animals 
and dog control). 
▪ Some brands need to 
be reconstituted and 
some are fully liquid. 
▪ Potential change to ID 
is associated with 
regulatory issues over 
antigen dose and single-
dose vials being used 
for multiple doses (e.g., 
preservative use). 

▪ Likely that both IM and 
ID routes will be used, 
depending on level of 
endemicity. 

 
Rotavirus 
(VT026) 

2 oral live 
attenuated vaccines: 
2 PQ. 
2 in phase II/III. 
1 in phase I. 

▪ Routine: only 
after regional 
efficacy trials 
(e.g., in Africa and 
Asia). 
▪ Not campaign. 

▪ Routine in EPI; can 
be with DTP/OPV. 
▪ Not catch-up 
campaign. 

▪ Babies < 24 wo); 
timing of first dose 
must be < 12 wo. 

▪ Protect infants under 
24 mo: dose close to 
birth would be useful.  

▪ Very recent. 
▪ Cost of existing 
vaccines. 
▪ Existing vaccines are 
bulky in cold chain. 

▪ Need to repackage 
existing vaccines. 
▪ Liquid easier—or novel, 
stable oral technology in 
development. 
▪ Lower-cost vaccines in 
late-stage development. 
▪ Increased heat stability: 
OCC would be very useful. 
▪ Improved dosing device 
could ensure all of dose 
given. 
▪ Second-/third-generation 
vaccines could be 
combined with other 
enteric vaccines. 

 
RSV 
(VT024) 

No existing vaccine 
(technically 
challenging): 
1 in phase II/III. 
2 in phase I. 

NA. ▪ Depends on 
epidemiology and 
vaccine 
characteristics; could 
be routine or 
campaign. 

NA. ▪ Aim to protect infants 
from birth (could be via 
pre-pregnancy 
vaccination or from 
birth) and also elderly. 

NA. ▪ Need to establish burden 
in LMICs. 
▪ Vaccine must not cause 
immunopathology. 
▪ If live attenuated, must be 
non-transmissable. 
▪ If IN, must be useable in 
youngest infants without 
SAEs. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Vaccine delivery strategy Target population Disease/ Vaccines: 
vaccine group 
(ID number) 

licensed/clinical 
trials 2008 Desirable 2008 

Potential for the Issues Desirable future 

 
Shigella 
(VT027) 

Live attenuated 
vaccine used only in 
China (and may be 
discontinued): 
1 licensed not PQ. 
3 in phase II/III. 
5 in phase I. 

NA. ▪ Outbreak response 
(probably as single 
vaccine). 
▪ Campaign. 

NA. ▪ Infants > 6 mo most at 
risk. 
▪ Older age groups. 

NA. ▪ Need to protect against 
many groups/serotypes 
(multi-valent or broad-
spectrum). 
▪ Could be good as one 
part of enteric vaccine. 
▪ Oral probably best, or 
injected. 

 
Tetanus 
(VT028) 

Several safe and 
effective vaccines, 
often in 
combination: 
6 PQ. 
6 licensed not PQ. 

▪ Routine. 
▪ Campaign. 

▪ Routine. 
▪ Campaign. 

▪ All ages, 
especially 
pregnant women 
and neonates and 
post-injury. 

▪ Same; shift to older 
ages where EPI is 
effective. 

▪ Logistics and budget. 
▪ Need for multiple 
doses and boosters 
throughout life. 

 Low-dose dT usually 
better than TT alone for 
boosting. 

 
TB 
(VT029) 

Several sources of 
low-cost BCG; 
widely used in 
endemic areas: 
4 PQ. 
2 licensed not PQ. 
7 in phase II/III. 
1 in phase I. 

▪ Routine. ▪ New vaccines: 
routine, possibly 
campaign. 

▪ Infants, 
especially birth 
dose; high-risk 
adults. 

▪ New vaccines: protect 
infants from birth, 
protect all ages in 
endemic areas, prevent 
reactivation/latency, and 
HIV+ at particular risk. 

▪ Effectiveness of BCG 
is controversial but still 
recommended for birth 
dose in endemic 
countries (some 
protection against 
severe disease in 
infants). 
▪ Some brands need to 
be reconstituted and 
some are fully liquid. 

▪ Need effective vaccines 
to protect against infection 
and disease and help treat 
TB. 
▪ Several strategies and 
many in pipeline. 
▪ Likely to be more than 1 
vaccine, and could be used 
as prime-boost—some 
could be delivered by oral, 
IN, or ID routes. 

 
Typhoid 
(VT030) 

2 types of safe, 
effective, affordable 
vaccine—usually 
used single: 
5 licensed not PQ. 
6 in phase II/III. 
3 in phase I. 

▪ Outbreak 
response mostly. 
▪ Campaign. 

▪ Underused in areas 
of highest risk. 
▪ Not mass 
vaccination. 
▪ Could be EPI for 
infants if suitable 
vaccine. 

▪ School-aged 
children and adults 
(but underused). 

▪ Infants < 2yo (if 
vaccine immunogenic in 
this age group). 
▪ Immunosuppressed. 
▪ Travelers. 

▪ Not effective in infants 
< 2 yo. 
▪ Lack of perception of 
usefulness in context of 
other priorities and 
measures. 
▪ Some brands need to 
be reconstituted and 
some are fully liquid. 

▪ Vaccines for use in < 2 
yo. 
▪ More immunogenic with 
longer duration (conj. or 
live attenuated). 
▪ Single-dose vaccines 
useful. 
▪ Vaccines that are safe 
and effective in 
immunosuppressed. 

 
VZV 
(VT031) 

Several producers 
of vaccine 
(increasingly being 
added to MMR): 
6 licensed not PQ. 
1 in phase II/III. 
1 in phase I. 

▪ Individual. ▪ As part of EPI, if 
low-/no cost part of 
combination vaccine. 

Unknown. ▪ Possibly protection of 
at-risk adults (incl. 
elderly) in LMICs. 
▪ For infants: 12–14 mo 
(potential for 
eradication). 

▪ Low priority for 
LMICs. 
▪ Very rare transmission 
of live attenuated 
vaccines. 
▪ Safety issues in 
immunosuppressed and 
pregnancy. 
▪ Some brands need to 
be reconstituted. 

▪ Vaccine safe for use 
in/contacts of 
immunosuppressed and 
pregnant women. 
▪ Live attenuated vaccines 
with no transmission. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Vaccine delivery strategy Target population Disease/ Vaccines: 
vaccine group 
(ID number) 

licensed/clinical 
trials 2008 Desirable 2008 

Potential for the Issues Desirable future 

 
YF 
(VT032) 

Several vaccines: 
3 PQ. 
2 licensed not PQ. 

▪ Outbreak 
control. 
▪ Campaign then 
routine. 
 

▪ In EPI in only some 
countries. 
▪ Aim for EPI dosing 
alongside measles (in 
endemic areas). 

▪ EPI: infants at 9 
mo. 

Unknown. ▪ Supply (but WHO 
stockpile for outbreaks). 
▪ YF cannot be given 
within 3 weeks of 
parenteral cholera but 
fine with oral cholera 
vaccine. 
▪ Some brands need to 
be reconstituted. 

▪ Safer live attenuated, 
incl. recombinant YF as 
vector for other vaccines. 
▪ Vaccines with reduced 
SAEs. 
▪ Change to ID (likely to 
always be injected 
vaccines). 
▪ Could be part of pan-
flavivirus vaccine. 
▪ Vaccine that can be given 
alongside cholera would be 
useful. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
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Summary Table 2. Vaccines 
 
Notes: 

• Availability: based only on whether the vaccine is licensed in any territory and what stage of clinical trial. 
• 2008: currently licensed in any territory, some are also United Nations/WHO prequalified. 
• 2015: assigned to vaccine candidates undergoing phase II or phase III trials in 2008. 
• 2025: assigned to vaccine candidates undergoing phase I trials in 2008. 

 
• Presentation, storage, and immunization route: 

• Generally not known for future vaccines. The most likely presentation and storage conditions are given. 
 

• Potential presentation and delivery: predictions have been made on existing knowledge and the following assumptions. 
• Vaccines currently delivered subcutaneously or intramuscularly could be suitable for intradermal delivery (microneedles or jet injector); 

however, lack of reactogenicity of adjuvant delivered by this route would need to be demonstrated. 
• Liquid, non-live vaccines without adjuvants or with aluminum-salt-based adjuvants (but not other types of adjuvants) are likely to be 

compatible with PATH freeze-protection technology. 
• Non-live vaccines without adjuvants or with aluminum-salt-based adjuvants (but not other types of adjuvants) are likely to be compatible with 

spray-drying. 
 

• Numbers: 
• VT000: Identification number to cross-reference with vaccine type directories. 
• V000: Identification number to cross-reference within relevant vaccine type directory. 

 
Abbreviations used: Ab: antibody; Ad5: adenovirus type 5; Ad35: adenovirus type 35; ADT: adult diphtheria toxoid, tetanus toxoid; Al: aluminum; AMA1: 
apical membrane antigen 1; AMA1-C1: apical membrane antigen 1 (multi-allelic mixture); aP: acellular pertussis vaccine; AS: adjuvant system (01, 02, 02A, 
03, and 04 [proprietary to GlaxoSmithKline]); BB-NCIPD: Bul Bio National Center of Infectious and Parasitic Diseases; BCG: Bacille Calmette Guerin, for 
tuberculosis; BPRC: Biomedical Primate Research Centre, The Netherlands; CIGB: Centre for Genetic Engineering and Biotechnology, Cuba; CMV: 
cytomegalovirus; conj.: conjugated (usually polysaccharide conjugated to protein); CRM197: mutated diphtheria toxin; D: diphtheria toxoid (d: low-dose; D: 
high-dose); EBA-175 RII-NG: Plasmodium falciparum erythrocyte-binding antigen 175 kDa Region II-nonglycosylated; EPI: Expanded Programme on 
Immunization; ETEC: enterotoxigenic E. coli; F, G, and M: fusion, glycoprotein, and matrix proteins of respiratory syncytial virus; GSK: GlaxoSmithKline; 
HA: hemagglutinin; HepA: hepatitis A; HepB: hepatitis B; HepE: hepatitis E; HEV: hepatitis E virus; Hib: Haemophilus influenzae; HPV: human 
papillomavirus; ID: intradermal; IM: intramuscular; IN: intranasal; incl.: including; IP: inactivated poliomyelitis; IPV: inactivated polio vaccine; IS: immune 
stimulating; JE: Japanese encephalitis; JPRI: Japan Poliomyelitis Research Institute; LPS: lipopolysaccharide (usually implies not conjugated to protein); 
MDCK: Madin-Darby canine kidney cells; Men: meningitis, from Neisseria meningitidis (serotypes A, C, W135, Y, or X); MMR: measles, mumps, and 
rubella; mo: months old; MPL-Al: monophosphoryl lipid A plus aluminum hydroxide; MPL-QS-21: monophosphoryl lipid A plus QS21; MR: measles, rubella; 
MVA: modified vaccinia Ankara; MVI: Malaria Vaccine Initiative; MVP: Meningitis Vaccine Program; NICHD: National Institute of Child Health and Human 
Development; NIAID: National Institute of Allergy and Infectious Disease; NIH: US National Institutes of Health; NZ: New Zealand; mOPV: monovalent oral 
polio vaccine (types 1, 2, or 3); OPV: trivalent oral polio vaccine; P: pertussis; PHC: primary health care; Pneumo: pneumococcus, from Streptococcus 



Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 
pneumoniae; PPV: pre-pandemic vaccine; PQ: prequalified; PS: polysaccharide; PSV: pandemic-specific vaccine; rEPA: recombinant Pseudomonas 
aeruginosa exotoxin A protein; RSV: respiratory syncytial virus; SAEs: serious adverse events; Sanofi: Sanofi Pasteur; STI: sexually transmitted infection; T: 
tetanus toxoid (or TT); TB: tuberculosis; unconj.: polysaccharide unconjugated to protein; VLP: virus-like particle; VZV: varicella zoster virus; WHO: World 
Health Organization; wo: weeks old; WRAIR: Walter Reed Army Institute of Research; YF: yellow fever; yo: years old. 
 

Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage Route 

Notes on potential presentation and 
delivery 

DTP-HepB (VT001) 
DTP-HB PQ 
(Bio Farma; V233) 

Protein, probably 
with Al 
adjuvant. 

Liquid, 5-, 10-
dose vial. 

Freeze 
sensitive; 
store 2–8°C. 
 

IM. 

Zilbrix PQ 
(GSK; V305) 

Liquid, 1-, 2-, 
10-dose vial. 

Unknown. Unknown. 

Tritanrix-HepB PQ 
(GSK; V34) 

Liquid, 1-, 2-, 
10-dose vial. 

Ecovac4 PQ 
(Panacea; V235) 

Protein + Al 
adjuvant. 

Liquid; 1-dose; 
Uniject™ device 
or multi-dose 
vial. 

Sii-Q-Vac PQ 
(Serum Institute of India; V236) 

Protein, probably 
with Al 
adjuvant. 

Liquid, 1-, 10-
dose vial. 

Shantetra PQ 
(Shantha; V237) 

 

Protein + Al 
adjuvant. 

Liquid, multi-
dose vial. 

Freeze 
sensitive; 
store 2–8°C. 

IM. 

▪ All formulations are likely to be compatible with 
PATH’s freeze-protection technology or spray-
drying. 
▪ ID delivery may be possible, provided there are no 
reactogenicity problems with Al adjuvants. 
 

DTP-HepB-Hib (VT002) 
Quinvaxem PQ 
(Berna/Novartis; V238) 

Protein (incl. 
wP) + conj. Hib 
PS (to CRM197) 
+ Al adjuvant. 

Easy Five PQ 
(Panacea; V239) 

Protein (incl. 
wP) + conj. Hib 
PS (to CRM197) 
+ Al adjuvant. 

Liquid, 1-dose 
vial. 

Freeze 
sensitive; 
store 2–8°C. 
 

IM. 

PQ 
(Shantha; V325) 

Unknown. Unknown. Unknown. Unknown. 

Tritanrix-HepB-Hib PQ 
(GSK; V306) 

Liquid, 1, 2, and 
10 doses per 
vial. 

Unknown. Unknown. 

Zilbrix-Hib PQ 
(GSK; V307) 

Protein (incl. 
wP) + conj. Hib 
PS (to TT) + Al 
adjuvant. Liquid, 1 and 2 

doses per vial. 
Unknown. Unknown. 

 UNIFIVE 
(Sanofi; V240) 

Probably protein 
(incl. aP) + conj. 
Hib PS + Al 
adjuvant. 

Probably liquid. Probably 
freeze 
sensitive; 
store 2–8°C. 

Probably IM. 

▪ All formulations are likely to be suitable for spray-
drying. 
▪ PATH freeze-protection technology applies. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage 

Notes on potential presentation and 
Route delivery 

DTP-HepB-Hib-IPV (VT003) 
Hexavac 
(Sanofi; V242) 
 

Liquid, 1-dose 
prefilled syringe. 

Infanrix hexa 
(GSK; V243) 

3-valent killed 
virus (IPV), 
protein (incl. aP) 
+ conj. Hib PS 
(to TT) + Al 
adjuvant. 

Liquid (DTP-
HepB-IPV), 1-
dose prefilled 
syringe used to 
reconstitute 
lyophilized Hib 
in 1-dose vial. 

Freeze 
sensitive; 
store 2–8°C. 

IM. ▪ All formulations are likely to be suitable for spray-
drying. 
▪ Not known whether PATH freeze-protection 
technology will be compatible with PS vaccines. 
▪ Hexavac only: market authorization suspended 
2005—low responses to HepB—indicative of 
immune interference. 

MenACW135Y-TT (VT006) 
 MenACWY-TT 

(GSK; V199) 
▪ PS conj. to 
tetanus, probably 
Al adjuvant. 

Unknown. Unknown. ▪ Probably 
IM. 

▪ Not known whether PATH freeze-protection 
technology will be compatible with PS vaccines. 
▪ Spray-drying likely to be applicable. 

MMR (VT005) 
M-M-RVaxPro PQ 
(Sanofi; V170) 

Lyophilized, 1- 
or 10-dose vial 
or prefilled 
syringe + 
diluent. 

SC. 

MMR Priorix PQ 
(GSK; V171) 

Lyophilized, 1-
dose vial or 
prefilled syringe 
of diluent for 
reconstitution. 

SC/IM. 

Tresivac PQ 
(Serum Institute of India; V172) 

Lyophilized; 1-, 
2-, 5-, or 10-dose 
vial diluent. 

Diluent is 
freeze 
sensitive; 
store 2–8°C; 
virus is light 
sensitive. 
 

SC. 

Measles, mumps, and rubella vaccine 
(China National; V173) 

Lyophilized, 1-
dose vial. 

Store 2–8°C; 
virus is light 
sensitive. 

SC. 

Abhay-Vac 3 
(Indian Immunologicals; V174) 

Lyophilized, 1- 
or 5-dose vial. 

Diluent is 
probably 
freeze 
sensitive; 
store 2–8°C; 
virus is light 
sensitive 

Probably SC. 

(Intervax; V175) 

Live attenuated. 
 

Lyophilized; 1-, 
5-, or 10-dose 
vial + diluent. 

Probably 
diluent is 
freeze 
sensitive; 
store 2–8°C; 

SC/IM. 

▪ The lyophilized formulations have the potential to 
be delivered by aerosol/inhalation following 
reconstitution. 
▪ Dry-powder thermostable formulations may be 
feasible, but possibly technically difficult to 
develop. 
▪ Use of reconstitution devices could be 
advantageous. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage 

Notes on potential presentation and 
Route delivery 

virus is light 
sensitive. 

M-M-RVAXPRO 
(Merck; V176) 

Lyophilized, 1-
dose vial + 
diluent. 

Diluent is 
freeze 
sensitive; 
store 2–8°C; 
virus is light 
sensitive. 

MR (VT004) 
MoRu-Viraten PQ 
(Berna; V164) 

Lyophilized. Unknown. 

Measles and rubella PQ 
(Serum Institute of India; V165) 

Lyophilized; 1-, 
2-, 5-, or 10-dose 
vial + diluent. 

Diluent is 
freeze 
sensitive; 
store 2–8°C; 
virus is light 
sensitive. 

MR Vax II  
(Merck; V166) 

Lyophilized. Store 2–8°C. 

SC. 

(Intervax; V167) Lyophilized; 1-, 
5-, or 10-dose 
vial + diluent. 

Unknown. Probably SC. 

Measles and rubella vaccine, live 
(China National; V168)  

Live attenuated. 

Lyophilized, 1-
dose vial. 

Store < 8°C; 
virus is light 
sensitive. 

SC. 

▪ The lyophilized formulations have the potential to 
be delivered by aerosol/inhalation following 
reconstitution. 
▪ Dry-powder thermostable formulations may be 
feasible, but possibly technically difficult to 
develop.  
▪ Use of reconstitution devices could be 
advantageous. 

DT/dT (VT007) 
DT PQ, Tetadif (dT) PQ 
(BB-NCIPD; V189) 

Liquid, 1-dose 
ampoule and 10- 
or 20-dose vial. 

DT: SC/IM. 
dT: IM. 

DT PQ, DECAVAC (dT) PQ 
(Sanofi; V190) 

Liquid; 
DT: 1-dose vial, 
dT: 1-dose vial, 
or a prefilled 
syringe. 

Probably IM. 

Sii Dual Antigen (DT) PQ, dT PQ 
(Serum Institute of India; V191) 

Liquid;  
DT/dT: 1-, 10-, 
or 20-dose vial. 

IM. 

Liquid, 10-dose 
vial. 

SC/IM. DT PQ 
(Bio Farma; V194) 
DT 
(Haffkine; V192) 

Liquid, 10- or 
20-dose vial. 

ADT booster (dT) 
(CSL; V193) 
 
 

Toxoids, Al 
adjuvant. 

Liquid, 1-dose 
prefilled syringe. 

Freeze 
sensitive; 
store 2–8°C. 
 

IM. 

▪ All formulations are likely to be compatible with 
PATH’s freeze-protection technology or spray-
drying. 
▪ ID delivery may be possible, provided there are no 
reactogenicity problems with Al adjuvants. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage 

Notes on potential presentation and 
Route delivery 

Ditanrix Paediatrix (DT) 
(GSK; V308) 

Toxoids, Al 
adjuvant. 

Liquid, 1-dose 
vial or prefilled 
syringe. 

Freeze 
sensitive; 
store 2–8°C. 

Unknown. 

dT 
(Novartis; V195) 

Toxoids, Al 
adjuvant. 

Probably liquid. Probably IM. 

dT 
(Birmex; V196) 

Toxoids, Al 
adjuvant. 

Liquid, 10-dose 
vial. 

 

VA DIFTET (DT) 
(Finlay; V197) 

Toxoids, 
probably Al 
adjuvant. 

Probably liquid, 
1-dose vial. 

Probably 
freeze 
sensitive; 
store 2–8°C. 

  

Cholera (VT008) 
Dukoral PQ 
(SBL Vaccin/Crucell; V035) 

4-valent, killed. Liquid + 
stomach buffer. 

Freeze 
sensitive; 
store 2–8°C. 

ORC-Vax  
(Vabiotech; V036) 

2-valent, killed. Liquid; no 
adjuvant, no 
buffer. 

Freeze 
sensitive; 
store 2–8°C. 

Orochol Berna®  
(Berna/Crucell; V037) 

Live attenuated. Lyophilized, 
double-chamber 
Al foil sachet 
with buffer. 

CholeraGarde®  
(Avant; V038) 

Live attenuated. Lyophilized. 

reformulated ORC-Vax  
(Shantha; V040) 

2-valent, killed. Liquid. 

 

Vibrio cholerae 638  
(Finlay; V041) 

Live attenuated. Liquid. 

Peru-15pCTB 
(Avant; V039) 

Live attenuated. Unknown.  

reformulated 
ORC-Vax (Bio 
Farma; V042) 

2-valent, killed. Probably liquid. 

Unknown. 

Oral. ▪ Live and killed formulations are unlikely to be 
suitable for the PATH freeze technology. 
▪ Spray-drying is likely to be possible for the killed 
vaccines and may be possible for the live attenuated 
formulations. 
▪ Sugar-glass stabilization has been demonstrated 
with Chlolergarde®. 
▪ Use of reconstitution devices could be 
advantageous. 
 

CMV (VT009) 
Towne 
(Vical; V053) 

Live attenuated. Not known. Not known. SC. 

gB/MF59 
(Sanofi; V054) 

Protein + MF59 
adjuvant. 

 

CMV glycoprotein B 
(NIAID/Royal Free; V056) 

Protein. 

Probably liquid. 

 VCL-CB01 
(Vical; V052) 
 
 
 

DNA. Not known. 

2–8°C likely. Probably IM. 

▪ Vaccines in early stage of development, so likely 
formulations are uncertain. 
▪ DNA vaccines are likely to be suitable for ID 
delivery. Protein formulations may be suitable for 
ID delivery if adjuvants are not reactogenic. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage 

Notes on potential presentation and 
Route delivery 

ALVAC-
CMVgB 
(Sanofi; V055) 

Live attenuated. 

VCL-CT02 
(Vical; V057) 

DNA + 
CRL1005 
adjuvant + 
benzalkonium 
chloride. 

VEE VRPs 
(Alphavax; 
V058) 

DNA as VLPs. 

(GSK; V076) Protein + GSK 
adjuvant. 

Unknown. Unknown. 

Dengue (VT010) 
ChimeriVax Tetravalent 
(Acambis; V013) 

Probably 
lyophilized. 

Probably 
similar to YF 
vaccine: 2–
8°C. 

 

(GSK; V014) 
(NIH; V015) 
Expect: 2014 

SC. 

 

DENVax  
(Inviragen; 
V016) 

Live attenuated. 

Unknown. Unknown 

Unknown. 

▪ Use of reconstitution devices could be 
advantageous. 
▪ Spray-drying might be possible, but has not been 
demonstrated.  
 

ETEC (VT011) 
 
 

LT patch 
(Iomai; V135) 

Toxoid. Patch. Possibly 
stored at 
room temp. 

Dermal patch. 

 ACE 527 
(Ace 
Biosci/PATH-
EVP; V134) 

Live attenuated. Probably liquid.  Oral. 

▪ Dukoral, oral cholera vaccine, is indicated for 
ETEC in all countries of registration. For example 
the European Union and Australia. 
▪ LT patch is the lead (and possibly only suitable) 
application for TCI delivery (Iomai).  
▪ Ongoing PATH project to develop thermostable 
formulation. 

HepA (VT012) 
Vaqta 
(Merck; V079) 

Killed + Al 
adjuvant. 

Liquid, 1-dose 
prefilled syringe. 

Epaxel 
(Berna/Crucell; V080) 

Killed, adsorbed 
onto virosomes. 

Emulsion, 1-
dose prefilled 
syringe. 

Havrix 
(GSK; V081) 

Liquid, 1-dose 
prefilled 
syringe/1-dose 
vial. 

Avaxim 
(Sanofi; V082) 

Killed + Al 
adjuvant. 

Liquid, 1-dose 
prefilled syringe. 

Freeze 
sensitive; 
store 2–8°C. 

IM. ▪ PATH freeze-prevention technology or spray-
drying are likely to be applicable to all formulations 
except Expaxal (virosomes) and HaVac (live 
attenuated). 
▪ ID delivery may be possible (for virosomal 
vaccines, not Al-adjuvanted, which is the majority); 
reactogenicity studies are required. 
 
 

Project Optimize – landscape analysis July 2008    
Page 17 of 46    
  



Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage 

Notes on potential presentation and 
Route delivery 

HAVAX 
(Vabiotech; V083) 

Liquid. 

HAVpur 
(Novartis; V084) 

Killed, adsorbed 
onto virosomes. 

Emulsion, 1-
dose prefilled 
syringe. 

Healive® 
(Sinovac; V085) 

Killed + 
adjuvant 
(probably Al). 

Liquid, 1-dose 
prefilled syringe. 

HaVac 
(China National; V146) 

Live attenuated. Lyophilized. Store < 8°C. SC. 

HepB (VT013) 
Engerix PQ 
(GSK; V086) 

Protein + Al 
adjuvant. 

Liquid, 1-dose, 
prefilled syringe. 

Freeze 
sensitive; 
store 2–8°C. 

IM. 

Hepavax-Gene® PQ 
(Green Cross; V088) 

Protein probably 
with Al 
adjuvant. 

Probably liquid. 

Hepatitis B Uniject™ PQ 
(Bio Farma; V089) 

Protein probably 
with Al 
adjuvant. 

Probably liquid; 
in Uniject™ 
device. 

Probably 
freeze 
sensitive; 
store 2–8°C. 

Euvax-B PQ 
(LG Life Sciences; V090) 

Liquid. 

Probably IM. 

Recombivax HB® 
(Merck; V091) 

Liquid, vial or 
prefilled syringe. 

Freeze 
sensitive; 
store 2–8°C. 

Enivac HB also Enivac Safsy (Uniject™) PQ 
(Panacea; V092) 

Liquid, multi-
dose vial or 
Uniject™ 
device. 

Freeze 
sensitive; 
store 2–8°C; 
short periods 
at 25–30°C 
not a 
problem. 

Gene Vac-B® PQ 
(Serum Institute of India; V093 ) 

Liquid, 1- or 10-
dose vial. 

Probably 
freeze 
sensitive; 
store 2–8°C. 

Shanvac™-B PQ 
(Shantha; V094 ) 

Protein + Al 
adjuvant. 

Liquid, 1- or 10-
dose vial or 
Uniject™ 
device. 

Freeze 
sensitive; 
store 2–8°C. 

IM. 

Heberbiovac HB PQ 
(CIGB; V099) 

Protein probably 
with Al 
adjuvant. 

Probably liquid. Probably 
freeze 
sensitive; 
store 2–8°C. 
 
 

Probably IM. 

▪ PATH freeze-prevention technology or spray-
drying are likely to be applicable to all 
formulations. 
▪ PATH is reformulating a HepB vaccine for heat 
and freeze stability using Arecor and PATH 
technology, in collaboration with a vaccine 
producer.  
▪ ID delivery may be possible depending on 
adjuvant reactogenicity. 
▪ Adjuvant in Heplisav may influence which 
stabilizing technologies can be used. 
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Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage 

Notes on potential presentation and 
Route delivery 

Fendrix 
(GSK; V087) 

Protein + AS04 
adjuvant (MPL-
Al). 

Liquid, prefilled 
syringe. 

HBvaxPRO 
(Sanofi; V095) 

Protein + Al 
adjuvant. 

r-HBvax 
(Vabiotech; V096) 

Liquid, 1-dose 
vial. 

Revac-B+™ 
(Bharat; V097) 
Elovac-B® (Indian Immunologicals; V098) 

Protein probably 
with Al 
adjuvant. Liquid, 1- or 

multi-dose vial. 

TEMREVAC-HB 
(China National; V011) 

Protein probably 
with adjuvant. 

Unknown. 

Freeze 
sensitive; 
store 2–8°C. 

IM. 

 HEPLISAV™ 
(Dynavax; V101) 

Protein + novel 
TLR-agonist as 
adjuvant. 

Probably liquid. Probably IM. 

 NASVAC 
(CIGB; V100) 

Protein, no 
adjuvant. 

Liquid, in 
Accuspray. 

Unknown. 

IN. 

HepE (VT014) 
rHepE 
(GSK; V077) 

Liquid. IM.  

HEV 239 
(Xiamen; V078) 
Possibly approved by 2011. 

Protein + Al 
adjuvant. 

Probably liquid. 

Unknown. 

Probably IM. 

▪ PATH freeze-prevention technology or spray-
drying are likely to be applicable. 
 

HPV (VT015) 
Gardasil 
(Merck; V001) 

4-valent protein, 
as VLPs + Al 
adjuvant 

Cervarix 
(GSK; V002) 

2-valent protein, 
as VLPs + AS04 
(MPL/Al) 
adjuvant. 

Liquid, 1-dose 
vial or prefilled 
syringe. 

Freeze 
sensitive; 
store 2–8°C. 

Bivalent HPV vaccine 
(Xiamen; V003) 

2-valent protein, 
as VLPs + Al 
adjuvant. 

Liquid. 

IM. 

 

Quadrivalent HPV vaccine 
(Xiamen; V004) 

4-valent protein, 
as VLPs + Al 
adjuvant. 

Probably liquid. 

 Octovalent 
HPV 
(Merck; V063) 
 
 
 
 

8-valent protein, 
as VLPs 
probably + 
adjuvant. 

Unknown. 

Unknown. 

Probably IM. 

▪ All formulations are likely to be compatible with 
PATH’s freeze-protection technology or spray-
drying. 
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Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage 

Notes on potential presentation and 
Route delivery 

Influenza-pandemic—H5N1 (VT016) PPV, PSV 
(Biken; V268) Whole virion, Al 

adjuvant. 
Probably liquid. Probably 

freeze 
sensitive; 
store 2–8°C. 

Probably IM. 

Pandemrix—PSV 
(GSK; V269) 
Prepandrix—PPV 
(GSK; V270) 

Split, AS03 
adjuvant. 

Liquid (antigen) 
+ emulsion 
(adjuvant) for 
mixing to form 
10 doses. 

Freeze 
sensitive; 
store 2–8°C. 

Daronrix—PSV mock-up vaccine 
(GSK; V271) 

Whole virion, Al 
adjuvant. 

Liquid; prefilled 
syringe or a 1-, 
10-, or 20-dose 
vial. 

Freeze 
sensitive; 
store 2–8°C. 

IM. 

(Kitasako; V272) Whole virion, Al 
adjuvant. 

Unknown. Unknown. Probably IM. 

Focetria—PSV, Afunov—PPV 
(Novartis; V273) 

Surface antigen, 
MF59 adjuvant. 

Liquid, prefilled 
syringe or a 1- or 
10-dose vial. 

Freeze 
sensitive; 
store 2–8°C. 

IM. 

PSV 
(Sanofi; V274) 

Split, no 
adjuvant. 

Liquid, 5-dose 
vial. 

Freeze 
sensitive; 
store 2–8°C. 

IM. 

PanFlu 
(Sinovac; V275) 

Whole virion,  Unknown. Unknown. 

Celvapan—PSV (to make a PPV too) 
(Baxter; V276) 

Whole virion 
(manufactured in 
Vero cells). 

Probably 10-
dose vial. 

Unknown. 

PanVax CSL 401—PSV 
(CSL; V277) 

Split, Al-based 
adjuvant. 

Unknown. Unknown. 

(Denka Seiken; V278) Whole virion, Al 
adjuvant. 

Unknown. Unknown. 

(Iomai; V279) “Pandemic flu 
vaccine” + IS 
patch. 

Unknown. Unknown. 

(Kaketsuken; V280) Whole virion, Al 
adjuvant. 

Unknown. Unknown. 

(Nobilon; V284) Whole virion, Al 
adjuvant. 

Unknown. Unknown. 

(Novovax/Bill & Melinda Gates 
Foundation; V285) 

VLPs from 
baculovirus, no 
adjuvant. 

Unknown. Unknown. 

Probably 
injected. 
 
 

 

Emerflu 
(Sanofi; V288) 
 
 

Split, Al-based 
adjuvant. 

Liquid. Freeze 
sensitive; 
store 2–8°C. 

IM. 

▪ Vaccines likely to be stockpiled (unlike seasonal 
influenza vaccines); therefore, stability is important.
▪ Freeze-protection/thermostability technologies and 
route of delivery are likely to be dependent on 
adjuvant used. 
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Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage 

Notes on potential presentation and 
Route delivery 

(Sanofi; V326) Split, low-
antigen dose, 
“new adjuvant.” 

Liquid. Freeze 
sensitive; 
store 2–8°C. 

IM. 

(Sinovac; V289) Split. Unknown. Unknown. Probably 
injected. 

(Antigen 
Express; V312) 

Chemically 
synthesized 
peptides. 

Unknown. Unknown. Probably 
injected. 

(Avir Green 
Hills; V313 

Live attenuated. Unknown. Unknown. Probably IN. 

GelVac 
(DelSite; V314) 

Inactivated. Unknown. Unknown. IN. 

(MedImmune; 
V281) 

Live attenuated.  Unknown. Unknown. IN. 

Omniflu 
(Microgen; 
V282) 

Subunit, version 
with 
polyoxidonium 
adjuvant. 

Unknown. Unknown. Probably 
injected. 

(NIH; V283) DNA vaccine. Unknown. Unknown. Probably 
injected. 

(Omnivest; 
V286) 

Whole virion. Unknown. Unknown. Probably 
injected. 

(PowderMed; 
V315) 

DNA. Unknown. Unknown. Gene gun. 

Pandemic 
Flublok 
(Protein 
Sciences; V287) 

Recombinant 
HA from 
baculovirus ± 
Al-based 
adjuvant. 

Unknown. Unknown. Probably 
injected. 

(Solvay; V290) Subunit, Al-
based adjuvant 
(version 
manufactured in 
MDCK). 

Unknown. Unknown. Probably 
injected. 

 

(Vaxin; V316) Adenovirus. Unknown. Unknown. IN. 
(Vaxinnate; 
V317) 

Protein with HA 
and flagellin. 

Unknown. Unknown. Unknown. 

 

(Vical; V318) DNA + 
Vaxfectin 
adjuvant. 

Unknown. Unknown. Probably 
injected. 

 

Influenza-pandemic—H5N2 (VT016) 
 (Microgen; 

V293) 
 
 

Live attenuated. Unknown. Unknown. Probably IN.  
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Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage 

Notes on potential presentation and 
Route delivery 

Influenza-pandemic—H5N3 (VT016) 
 (Novartis; V294) Subunit, MF59 

adjuvant. 
Unknown. Unknown. Probably 

injected. 
 

Influenza-pandemic—H7N3 (VT016) 
 (NIAID; V319) Unknown. Unknown. Unknown. Unknown.  
Influenza-pandemic—H9N2 (VT016) 

(Crucell/Berna; V296) Whole virion, Al 
adjuvant. 

Unknown. Unknown. Probably 
injected. 

(Crucell/Berna; V302) Virosomal, no 
adjuvant. 

Unknown. Unknown. Probably 
injected. 

 

(Novartis; V298) Surface antigen, 
MF59 adjuvant. 

Unknown. Unknown. Probably 
injected. 

(Novovax; 
V299) 

Live attenuated. Probably liquid. Unknown. Probably IN.  

(MedImmune; 
V303) 

Live attenuated, 
no adjuvant. 

Unknown. Unknown. IN. 

 

Influenza-pandemic—trivalent: H5N3, H3N2, B (VT016) 
 (Novartis; V300) Subunit. Unknown. Unknown. Probably 

injected. 
 

Influenza-pandemic—“Universal” (VT016) 
ACAM-FLU 
(Sanofi/ 
Acambis; V320) 

Protein plus 
adjuvant. 

Unknown. Unknown. Unknown. 

(BiondVax; 
V321) 

Protein. Unknown. Unknown. Unknown. 

CYT015-M2AP 
(Cytos; V322) 

VLPs. Unknown. Unknown. Possibly IN. 

(Jenner Institute; 
V323) 

MVA. Unknown. Unknown. Unknown. 

(Merck; V301) Recombinant 
M2 antigen. 

Unknown. Unknown. Probably 
injected. 

 

Flagellin. 
AvM2e 
(Vaxinnate; 
V324) 

Protein fused to 
flagellin. 

Unknown. Unknown. Unknown. 

 

Influenza-seasonal (VT017) 
Inflexal V 
(Berna; V244) 

Subunit, 
virosome. 

Liquid, prefilled 
syringe. 

Freeze 
sensitive; 
store 2–8°C. 

Probably 
SC/IM. 

Afluria/Enzira/Fluvax 
(CSL; V245) 

Split. Liquid, 10-dose 
vial or prefilled 
syringe. 
 

 IM. 

▪ Compatibility with stabilization technologies 
difficult to predict due to varying amounts of lipid 
in split/subunit formulations. 
▪ Presence of adjuvants (MF59/virosomes) is likely 
to be incompatible with PATH freeze-prevention 
technology.  
▪ Spray-drying (or similar) likely to be possible with 
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2008 2015 2025 Formulation Presentation Storage 

Notes on potential presentation and 
Route delivery 

Flulaval 
(GSK; V247) 

Split. Liquid, 10-dose 
vial. 

 IM. 

Flumist 
(MedImmune; V248) 

Live attenuated. Liquid, 1-dose 
prefilled nasal 
spray. 

 IN. 

Optaflu 
(Novartis; V249) 

Subunit. Probably liquid, 
prefilled syringe. 

 IM. 

Agrippal/Begrivac 
(Novartis; V250) 

Subunit. Liquid, prefilled 
syringe. 

 Probably 
SC/IM. 

Fluad 
(Novartis; V251) 

Subunit, with 
MF59 adjuvant. 

Liquid. Probably 
freeze 
sensitive; 
store 2–8°C 

Probably 
SC/IM. 

Fluvirin 
(Novartis;V252) 

Liquid; 10-dose 
vial, possibly 
also prefilled 
syringe. 

IM. 

Fluzone andVaxigrip 
(Sanofi;V253) 

Split. 

Liquid; 1-, 10-
dose vial or 
prefilled syringe 
(no 1-dose vial 
with Vaxigrip). 

Freeze 
sensitive; 
store 2–8°C. 

Influvac 
(Solvay; V254) 

Subunit. Liquid. Probably 
freeze 
sensitive; 
store 2–8°C. 

Invivac 
(Solvay; V255) 

Purified 
neuraminidase + 
HA in 
virosomes. 

Liquid, prefilled 
syringe. 

Probably 
freeze 
sensitive; 
store 2–8°C. 

“Vero cell” 
(Baxter; V256) 

Split. Probably liquid. Probably 
freeze 
sensitive; 
store 2–8°C. 

Flublok 
(Protein Sciences; V257) 

Recombinant 
HA and 
neuraminidase. 

IM for 
Fluzone;  
SC/IM for 
Vaxigrip. 

“ISCOMATRIX” 
(CSL;V258) 

Probably split, 
with 
ISCOMATRIX 
adjuvant. 

“GSK adjuvant” 
(GSK; V259) 

Probably split, 
with GSK 
adjuvant. 

Probably 
SC/IM. 

 

“ID microinject” Split. 

Unknown. Unknown. 

ID. 

non-live, non-adjuvanted formulations.  
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Route delivery 

(Sanofi; V260) 
“Per.C6” 
(Sanofi; V261) 

Probably split. Probably liquid, 
10-dose vial or 
prefilled syringe. 

Probably 
freeze 
sensitive; 
store 2–8°C. 

“Alphavirus” 
(Alphavax; 
V262) 

Live alphavirus 
vector. 

Probably 
SC/IM. 

Envac 
(Green Hills; 
V263) 

Live attenuated. Probably IN. 

“ IC31” 
(Intercell; 
V264) 

Probably split, 
with IC31 
adjuvant. 

“+ IS patch” 
(Iomai; V265) 

Probably split 
vaccine with IS 
patch nearby. 

M2e universal 
(Vaxxinate; 
V266) 

Recombinant 
protein with 
flagellin. 

 

“MDCK” 
(Nobilon; 
V267) 

Probably split. 

Unknown. Unknown. 

Probably 
SC/IM. 

JE (VT018) 
JE-VAX 
(Biken/Sanofi; VO05) 

Killed virus 
(from mouse 
brain). 

Lyophilized or 
liquid. 

Freeze 
sensitive; 
store 2–8°C. 

Japanese encephalitis—live/SA 14-14-2 attenuated 
(China National; V006) 

Live attenuated. Lyophilized, 1- 
or 5-dose vial. 

Vaccine not 
freeze 
sensitive; 
diluent is; 
store 2–8°C. 

JE VACCINE 
(Vabiotech; V010 ) 

Killed virus 
(from mouse 
brain). 

Lyophilized, 1-
dose vial. 

Freeze 
sensitive; 
store 2–8°C. 

IC51™ 
(Intercell; V007) 

Killed + Al 
adjuvant. 

Liquid, multi-
dose vial or 
prefilled syringe. 

SC. 

(Biken; V008) Killed. Unknown. Probably SC. 
ChimeriVax™-JE 
(Acambis/Bharat/Sanofi; V009) 

Live attenuated. Lyophilized, 
multi-dose vial. 

 

BK-VJE 
(Biken; V012) 

Killed. Lyophilized, 1- 
or multi-dose 
vial. 
 

Unknown. 

SC. 

▪ Mouse-brain-derived vaccines being replaced by 
vaccines produced in cell culture. 
▪ PATH freeze-prevention technology not 
applicable for lyophilized formulations. Not known 
whether it will be suitable for whole killed virus 
formulations. 
▪ Intercell vaccine (IC51™) approved by the 
European Medicines Agency in 2009. Now 
designated Ixiaro®. 
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Malaria (VT019)  

Mosquirix/RTS,S 
(GSK, PATH-MVI; V102) 

Protein, as VLPs 
+ AS01 (MPL-
QS-21) adjuvant. 

Lyophilized. Freeze 
sensitive; 
probably 
store 2–8°C. 

PeviPRO 
(Pevion; V104) 

Protein + 
virosome. 

Unknown. 

PfCP2.9 
(Sinobiomed; V106) 

Protein + 
Montanide 
IAS720 
(squalene + oil) 
adjuvant. 

Store 4°C. 

IM. 

MSP1/FMP1 
(WRAIR; V107) 

Protein + Al or 
AS02 adjuvant. 

 

MSP3-LSP 
(Institut Pasteur; V108) 

Probably protein 
+ Al or 
Montanide 
ISA720 
adjuvant. 

Probably IM. 

Prime boost 
(University of 
Oxford; V103) 

Proteins, DNA 
or live viral 
vectors. 

IM, possibly 
ID. 

AMA1,  
AMA1-C1 
(NIAID; V105) 

Various: protein 
+ Montanide 
ISA720 or Al or 
AS02A adjuvant. 

GMZ2 
(Staten Serum; 
V109) 

Protein + Al 
adjuvant. 

IM. 

MSP-2 
(LaTrobe, 
GroPep; V110) 

Probably protein 
+ Montanide 
ISA720 
adjuvant. 

Unknown. 

Unknown. 

Probably IM. 

AdVac® 
(Crucell; V111) 

Live 
recombinant 
adenovirus 
(Ad35). 

Liquid. IM. 

NMRC-M3V-
Ad-PfCA 
(GenVec; 
V112) 

Live 
recombinant 
adenovirus 
(Ad5). 

Probably liquid. IM. 

 

PfAMA-1-
FVO 
(BPRC; V113) 

Probably protein. Unknown. 

Unknown. 

Probably IM. 

▪ Several novel adjuvants are being evaluated with 
candidate malaria vaccines. Suitability for 
stabilization technologies and administration routes 
will be dependent on adjuvants used. 
▪ The “standard shake test” will not work with 
AS01 adjuvant (Mosquirix); therefore, freeze-
detector device would be valuable. 
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Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage Route 

Notes on potential presentation and 
delivery 

 
EBA-175 RII-
NG 
(NIAID; V115) 

Protein + Al 
adjuvant. 

Measles (VT020) 
Measles PQ 
(Bio Farma; V155) 

Lyophilized, 10-
or 20-dose vial. 

Store 2–8°C 
(diluent must 
not be 
frozen). 

SC/IM. 

Measles PQ 
(GSK; V156) 

Unknown. Unknown. Unknown. 

Rouvax PQ 
(Sanofi; V157) 

Lyophilized, 1- 
or 10-dose vial. 

Store 2–8°C 
(diluent can 
be at room 
temperature). 

M-VAC™ PQ 
(Serum Institute of India; V158) 

Store 2–8°C 
(diluent must 
not be 
frozen). 

Attenuvax 
(Merck; V144) 

Lyophilized, 1-
dose vial. 

Store 2–8°C 
(diluent can 
be at room 
temperature). 

SC. 

Measles 
(Intervax; V161) 

Lyophilized, 1-, 
5-, or 10-dose 
vial. 

 Unknown. 

Measles vaccine live 
(China National; V162) 

Lyophilized. Store 2–8°C. SC. 

Aerosol measles vaccine 
(Mexico; V163) 

Live attenuated. 

Liquid, the 
“Classic 
Mexican 
Device” 
(aerosol). 

Unknown. Intra-
pulmonary. 

▪ The lyophilized formulations have the potential to 
be delivered by aerosol/inhalation following 
reconstitution. 
▪ Dry-powder thermostable formulations may be 
feasible, but possibly technically difficult to 
develop.  
▪ Use of reconstitution devices could be 
advantageous. 
▪ Aktiv-Dry and PATH have been evaluating spray-
drying of measles vaccine (Serum Institute of 
India). 
▪ WHO Measles Aerosol Project is evaluating 
alternatives to the “Classic Mexican Device.” 
 

MenA (VT021) 
MenA PS 
(Beijing; V116) 

PS. Unknown. Unknown. Unknown. 

 PsA-TT 
(Serum Institute of India, PATH-MVP; 
V115) 
 
 
 
 

PS conj. to 
tetanus + Al 
adjuvant. 

Lyophilized, 10-
dose vial. 

Freeze 
sensitive; 
store 2–8°C. 

SC/IM. 

▪ Not known whether PATH freeze-prevention 
technology will be compatible with PS vaccines. 
▪ PsA-TT development is being led by MVP. 
▪ MVP and PATH evaluated spray-drying of PsA-
TT (Serum Institute of India). 
▪ ID delivery may be possible. 
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Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage Route 

Notes on potential presentation and 
delivery 

 
MenB (VT021) 

MeNZB 
(Novartis; V119) 
Only for NZ 

MenB 
(Novartis; V117) 

Purified outer 
membrane 
vesicles + Al 
adjuvant. 

Probably IM. 

2-valent MenB 
(Finlay; V118) 

Purified outer 
membrane 
vesicles. 

IM. 

 

MnB rLP2086 
(Wyeth; V159) 

Unknown. 

Unknown. Unknown. 

Unknown. 

▪ Suitability for stabilization approaches not known 
due to outer membrane vesicle component. 

MenC (VT021) 
Menjugate 
(Novartis; V120) 

PS conj. to 
CRM197 + Al 
adjuvant. 

Lyophilized; 1-, 
5-, or 10-dose 
pack. 

Freeze 
sensitive; 
store 2–8°C. 

IM. 

Meningitec 
(Wyeth; V121) 

PS conj. to 
diphtheria + Al 
adjuvant. 

Liquid. Unknown. Probably IM. 

NeisVac-C 
(Baxter; V160) 

PS conj. to 
tetanus + Al 
adjuvant. 

Liquid, prefilled 
syringe. 

Freeze 
sensitive; 
store 2–8°C. 

IM. 

 MenC/P64k 
(Havana; V122) 

PS conj. to p64k. Unknown. Unknown. Unknown. 

▪ Not known whether PATH freeze-prevention 
technology will be compatible with PS vaccines. 
▪ ID delivery may be possible. 
 

MenAC (VT021) 
ACVax PQ 
(GSK; V123) 

Lyophilized; 1-, 
10-, 20-, or 50-
dose vial. 

IM. 

Meningitis A and C PQ 
(Biomanguinhos; V124) 

Lyophilized, 10-
dose vial. 

Mengivac PQ 
(Sanofi; V125) 

Lyophilized, 1-
dose vial. 

MenAC PS 
(Intervax; V126) 

Lyophilized; 1-, 
10-, 20-, or 50-
dose vial. 

Unknown. 

Unknown. 

Group A+C Meningococcal Polysaccharide vaccine 
(China National; V128) 

PS. 

Lyophilized, 1-
dose vial. 

Store 2–8°C. SC. 

 MenAC 
(China National; V127) 

PS conj. to 
“something.” 

Unknown. Unknown. Unknown. 

▪ Not known whether PATH freeze-prevention 
technology will be compatible with PS vaccines. 
▪ ID delivery may be possible. 

 

MenBC (VT021) 
VA-MENGOC-B 
(Finlay; V129) 

Purified outer 
membrane 
vesicles + PS + 
Al adjuvant. 

Lyophilized. Unknown. Unknown. ▪ Suitability for stabilization approaches not known 
due to outer membrane vesicle component. 
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Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage Route 

Notes on potential presentation and 
delivery 

 
MenACW135Y (VT021) 

Mencevax ACWY 
(GSK; V130) 

PS. Lyophilized; 1- 
or 10-dose vial 
or prefilled 
syringe. 

Unknown. 

Menactra 
(Sanofi; V133) 

PS conj. to 
diphtheria. 

Liquid, 1-dose 
vial. 

IM. 

Menomune®-A/C/Y/W-135 
(Sanofi; V198) 

PS, not conj. Lyophilized; 1- 
or 10-dose vial. 

Store 2–8°C. 

SC. 

 Menveo 
(Novartis; V131) 

PS conj. to 
diphtheria. 

Unknown. Unknown. Unknown. 

▪ Not known whether PATH freeze-prevention 
technology will be compatible with PS vaccines. 
▪ ID delivery may be possible. 

MenACW135 (VT021) 
Mencevax ACW PQ 
(GSK; V132) 

PS. Lyophilized, 
multi-dose vial. 

Store 2–8°C. SC/IM. ▪ Not known whether PATH freeze-prevention 
technology will be compatible with PS vaccines. 

Pneumo (VT022) 
Prevnar 
(Wyeth; V149) 

7-valent, conj. to 
diphtheria + Al 
adjuvant. 

IM. 

Pneumovax II, Pneumo 23 
(Sanofi; V152) 

23-valent, 
unconj. 

Liquid, 1-dose 
vial or prefilled 
syringe. 

Freeze 
sensitive; 
store 2–8°C. 

IM. 

Pneumovax 23 
(Merck; V153) 

23-valent, 
unconj. 

Liquid, 1- or 5-
dose vial. 

Unknown. 

Ronsen® 
(China National; V154) 

23-valent, 
unconj 

Unknown. 

Store 2–8°C. 

SC/IM. 

13vPnC 
(Wyeth; V150) 
Expected 2009 

13-valent, conj. 
to diphtheria. 

Probably liquid, 
1-dose vial or 
prefilled syringe. 

 

Synflorix 
(GSK; V151) 
Expected 2008 

10-valent, conj. 
to non-typeable 
Hib protein D, 
Al adjuvant. 

Liquid, 1- or 2-
dose vial or 
prefilled syringe.  

Freeze 
sensitive; 
store 2–8°C. 

Probably IM. 

▪ Not known whether PATH freeze-prevention 
technology will be compatible with PS vaccines. 
▪ ID delivery may be possible. 

Polio—OPV (VT023) 
Polio 20 doses PQ 
(Bio Farma; V215) 

Liquid, 10- or 
20-dose vial. 

Frozen, then 
store 2–8°C. 

PQ 
(Sanofi; V216) 
Polioral PQ 
(Novartis; V217) 

Probably liquid, 
multi-dose vial. 

Probably 
frozen, then 
store 2–8°C. 

PV PQ 
(GSK; V218) 

Liquid; 1-, 10-, 
or 25-dose vial. 

Store 2–8°C 

Poliomyelitis vaccine (oral) IP PQ 
(Haffkine; V219) 
Poliomyelitis vaccine, live (oral) IP PQ 

3-valent live 
attenuated. 

Liquid, 20-dose 
vial. 

Frozen, then 
store 2–8°C. 

Oral. ▪ PATH freeze-prevention technology not 
applicable. 
▪ Oral delivery route unlikely to change before use 
of OPV ceases. 
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Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage Route 

Notes on potential presentation and 
delivery 

(Panacea; V220) 
(Birmex; V221) 
OPV 
(China National; V222) 

As candy pill, 10 
per bag. 

Frozen, then 
store 2–8°C. 

(Bio Manguinhos; V223) Probably liquid, 
multi-dose vial. 

BIOPOLIO 
(Bharat; V224) 

Liquid, 20-dose 
vial. 

Frozen, then 
store 2–8°C. 

Polio—mOPV1 (VT023) + 2 others 
mOPV1 PQ 
(Sanofi; V229) 

Unknown. Unknown. 

mOPV1 
(GSK; V310) 

Liquid, 10- or 
20-dose vial. 

Store 2–8°C. 

mOPV1 
(Panacea; V230) 

1-valent live 
attenuated. 

Unknown. Unknown. 

Oral. ▪ PATH freeze-prevention technology not 
applicable. 
▪ Oral delivery route unlikely to change before use 
of OPV ceases. 
 

Polio—mOPV3 (VT023) + 2 others 
mOPV3 
(Panacea; V231) 

Unknown. Unknown. 

mOPV3 
(GSK; V311) 

1-valent live 
attenuated. 

Liquid, 10- or 
20-dose vial. 

Store 2–8°C. 

Oral. ▪ As for mOPV1. 

Polio—IPV (VT023) 
IPOL PQ 
(Sanofi; V225) 

Liquid, 10-dose 
vial or prefilled 
syringe. 

Freeze 
sensitive; 
store 2–8°C. 

SC/IM. 

(Panacea; V226) Probably liquid. Unknown. 
(SBL Vaccin; V227) Liquid, 1-dose 

vial or prefilled 
syringe. 

 
Probably 
SC/IM. 

Poliorix 
(GSK; V309) 

Liquid; 1-, 2-, or 
10-dose vial. 

Store 2–8°C. IM. 

IPV-Virelon 
(Novartis; V228) 

3-valent killed. 

Probably liquid. Unknown. 

 Sabin-IPV 
(JPRI, Bio 
Farma; V232) 

3-valent from 
Sabin attenuated 
strains, killed. 

Unknown. Unknown. 

Probably 
SC/IM. 

▪ PATH freeze-prevention technology or spray-
drying likely to be applicable.  
▪ ID delivery may be possible and could be 
advantageous due to cost and manufacturing 
capacity for IPV. 

Rabies (VT025) 
Rabipur/RabAvert/Rabivac PQ 
(Novartis; V067) 

Not freeze 
sensitive; 
store 2–8°C. 

IM or ID. 

IMOVAX®/Verorab PQ 
(Sanofi; V068) 

Lyophilized, 1-
dose vial. 

IM; ID in 
some 
countries. 

Sii Rabivax 
(Serum Institute of India; V069) 

Killed virus. 

Liquid, 1-dose 
vial. 

Freeze 
sensitive; 
store 2–8°C. 

IM. 

▪ Reconstitution devices could be advantageous for 
lyophilized formulations (although might increase 
costs and waste volume). 
▪ PATH project to evaluate ID delivery devices will 
use rabies vaccine (Indian Immunologicals). 
▪ Spray-drying may be possible as an alternative to 
lyophilization. 
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Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage Route 

Notes on potential presentation and 
delivery 

(Japan; V070) 
Abhayrab 
(Indian Immunologicals; V071) 

Lyophilized, 1-
dose vial. 

Freeze 
sensitive, 
store 2–8°C. 

Deep IM. 

Wusheng® 
(China National; V072) 

Lyophilized and 
also liquid. 

Unknown. 

Cocav™ 
Vnukovo-32 primary hamster kidney cell vaccine for 
humans 
(Russia; V073) 

Lyophilized or 
liquid, 
concentrated or 
not. 

Lyssavac N™/Vaxirab™ PQ 
purified duck embryo rabies vaccine 
(Zydus Cadila; V074) 

Lyophilized, 
prefilled syringe. 

INDIRAB® 
(Bharat; V075) 

Lyophilized, 1-
dose vial. 

Store 2–8°C. 

IM. 

Rotavirus (VT026) 
Rotarix PQ 
(GSK; V138) 

1-valent live 
attenuated. 

Lyophilized + 
adaptor + oral 
dosing; 1-dose; 
packs of 1, 5, 10, 
and 25; also new 
liquid 
formulation. 

Store 2–8°C. 
 

Rotateq PQ 
(Merck; V140) 

5-valent live 
attenuated. 

Liquid in 
squeeze tube; 1-
dose; packs of 
10. 

Store 2–8°C. 

Human-bovine reassortment 
(Aridis, China National, Shantha, PATH; 
V139) 

4-valent live 
attenuated. 

 

RV3 
(Bio Farma/Murdoch, Q-Gen; V142) 

Unknown. Unknown. 

 116E 
(Bharat, PATH; V141) 

1-valent live 
attenuated. 

Liquid in glass. Stored frozen 
for trial. 

Oral. ▪ Repackaging to reduce space required in cold 
chain and/or use of reconstitution device would be 
advantageous. 
▪ Diluent for Rotarix can be stored at room 
temperature and cooled before reconstitution. 
▪ Aridis/PATH working on thermostable 
formulations. 
 

RSV (VT024) 
 F, G, and M 

(Sanofi; V065) 
Proteins. Unknown. 

MEDI-534 
(MedImmune; 
V064) 

IN.  

Live 
(Wyeth; V066) 

Live attenuated. 

Unknown. Unknown. 

Unknown. 

▪ Not enough information on formulations to 
comment on stability/presentation. 

Shigella (VT027) 
[FS 2-valent live Unknown. Unknown. Unknown. ▪ FS (Lanzhou)—recently canceled. 
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Availability: Existing/2008: 
2008 2015 2025 Formulation Presentation Storage Route 

Notes on potential presentation and 
delivery 

(Wyeth; V066) 
Shigella (VT027) 

[FS 
(Lanzhou; V043)] 

Unknown. 

SC602 
(Institut Pasteur; V044) 

2-valent live 
attenuated. 

SC599 
(Institut Pasteur; V045) 

Live attenuated. 

Oral.  

Prototype parenteral conjugate 
vaccine 
(NICHD; V048) 

LPS conj. to 
rEPA protein. 

Injected. 

WRSS1 
(WRAIR; 
V046) 
CVD 1208 
(University of 
Maryland; 
V047) 

Live attenuated. 

SsWC 
(Johns 
Hopkins; V049) 

Killed bacteria. 

Oral. 

Invaplex 50 
(Johns 
Hopkins; V050) 

Protein LPS. 

 

Proteosome-
Shigella 
flexneri 2a 
LPS vaccine 
(Intellivax; 
V051) 

Killed bacteria 
complexed to 
outer membrane 
proteins and 
proteosomes. 

Unknown. Unknown. 

IN. 

▪ FS (Lanzhou)—recently canceled. 
▪ Not enough information on formulations to 
comment on stability/presentation. 
 

TT (VT028) 
Tetatox PQ 
(BB-NCIPD; V177) 

Liquid; 1-, 10-, 
or 20-dose vial. 

IM. 

TT PQ 
(Bio Farma; PATH; V178) 

Liquid; 10- or 
20-dose vial or 
Uniject™ 
device. 

SC/IM. 

TT PQ 
(Sanofi; V179) 

Liquid, 1-dose 
vial. 

Anatoxal Te PQ 
(Berna; V180) 

Liquid; 1-, 2-, 
10-, or 50-dose 
vial. 

PQ 
(Serum Institute of India; V181) 

Toxoid + Al 
adjuvant. 

Liquid, 1-dose 
ampoule or 10-

Freeze 
sensitive; 
store 2–8°C. 

IM. 

▪ All formulations likely to be compatible with 
PATH freeze-protection technology or spray-
drying. 
▪ ID delivery may be possible depending on 
adjuvant reactogenicity. 
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2008 2015 2025 Formulation Presentation Storage Route 

Notes on potential presentation and 
delivery 

dose vial. 
PQ 
(Shantha; V182) 
(China National; V183) 
Vax-Tet 
(Finlay; V184) 

Probably toxoid 
+ Al adjuvant. 

Probably liquid. Probably 
freeze 
sensitive; 
store 2–8°C. 

Probably 
SC/IM. 

TE-VAC 
(Bharat; V185) 

Toxoid + Al 
adjuvant. 

Probably liquid, 
10-dose vial. 

Freeze 
sensitive; 
store 2–8°C 

Probably 
SC/IM. 

(Intervax; V186) Liquid; 1-, 5-, or 
10-dose vial. 

Probably 
SC/IM. 

(Haffkine; V187) 

Toxoid + 
probably Al 
adjuvant. Liquid, 10-dose 

vial. 
IM. 

Tetanol and Tetanol-pur 
(Novartis; V188) 

Toxoid + Al 
adjuvant. 

Probably liquid. 

Probably 
freeze 
sensitive; 
store 2–8°C. 

Probably 
SC/IM. 

TB (VT029) 
Tuvax PQ 
(Japan BCG; V200) 

Live attenuated. Lyophilized, vial 
+ diluent. 

BCG PQ 
(BB-NCIPD/Intervax; V201) 

 Lyophilized, 10- 
or 20-dose vial + 
diluent. 

BCG-vaccine-SSI PQ 
(Staten Serum; V202) 

 Lyophilized, 1-
dose vial + 
diluent. 

BCG PQ 
(Serum Institute of India; V203) 

 Lyophilized, 10- 
or 20-dose vial + 
diluent. 

Antigen not 
freeze 
sensitive; 
store 2–8°C. 
Protect from 
light. 

BCG 
(Bio Farma; V04) 

 Lyophilized, 
multi-dose vial + 
diluent. 

Store 2–8°C 
or freeze; 
protect from 
light. 

(Sanofi; V205)  Lyophilized, 
multi-dose vial + 
diluent. 

Do not freeze; 
store 2–8°C; 
protect from 
light. 

ID. 

SSI Hyvac4 (Aeras-404) 
(SSI, Intercell, Aeras, Sanofi; V207) 

Protein + IC31 
adjuvant. 

GSK M72 
(GSK, Aeras;V208) 

Protein + AS01 
adjuvant. 

MVA-85ª/Aeras-485 
(University of Oxford, Aeras; V209) 

Live vaccinia. 

Unknown. 

SSI Hybrid 1 
(SSI, TBVI, Intercell; V210) 

Protein + IC31 
adjuvant. 

Liquid or 
lyophilized. 

 
 

Aeras 402 
(Aeras, Crucell; V211) 

Live adenovirus. Unknown. 

Unknown. Probably 
injected. 

▪ Might be possible to develop spray-dried live 
BCG formulations for aerosol delivery (David 
Edwards, Massachusetts Institute of Technology). 
▪ PATH freeze-prevention technology not 
applicable to the lyophilized formulations, and 
suitability will be dependent on which adjuvant is 
present in the killed formulations. 
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Notes on potential presentation and 
delivery 

 
rBCG30 
(UCLA, Aeras; V212) 

Recombinant 
BCG 
(mycobacteria). 

Probably ID. 

Mycobacterium vaccae 
(SR Pharma; V213) 

Killed 
mycobacteria. 

 RUTI 
(Barcelona; 
V214) 

Fragmented 
Mycobacterium 
Tb. 

Probably 
injected. 

Typhoid (VT030) 
Typherix 
(GSK; V017) 

PS. Liquid, 1-dose 
prefilled syringe. 

 IM. 

Vivotif 
(Berna; V018) 

Live attenuated. Either sachet of 
lyophilized + 
sachet of buffer 
(with water) or 
enteric coated 
capsule (for > 5 
yo). 

Store 2–8°C. Oral. 

Typhim Vi 
(Sanofi; V019) 

PS. Liquid, 1-dose 
prefilled syringe 
or 10- or 20-dose 
vial. 

SC/IM. 

Typhoral 
(Novartis; V020) 

Live attenuated. Gelatin capsule. 

Store 2–8°C. 

Oral. 

Typhoid Vi PS 
(China National; V147) 

PS. Liquid. Store 2–8°C IM. 

Ty800 
(Avant; V023) 

Live attenuated. Capsule. Oral. 

Prototype conj. Vi 
(NICHD; V024) 

PS conj. to 
rEPA. 

Liquid. 

(Shantha; V025) 
Expected 2010 

PS. 

(Biopharma; V026) 
Expected 2010 

PS. 

Probably 
injected. 

CVD 909 
(University of Maryland; V028) 

Live attenuated. Oral. 

 

Vi-DT conjugate 
(NIH +; V029) 
Expected 2014 

PS conj. to 
diphtheria. 

Injectable. 

(Borjung; 
V021) 

Unknown. 

Oral.  

ZH9 
(Emergent; 
V022) 

Live attenuated. 

Capsule. 

Unknown. 

Oral. 

▪ PS vaccines may not be suitable for PATH freeze-
prevention technology. 
▪ Sugar-glass stabilization (spray-drying) has been 
demonstrated with Ty800. 
▪ Possibly suitable for PATH freeze-prevention 
technology. 
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Expect 2013 
Typbar-Vi 
(Bharat; V027) 

PS unknown. Glass vial, 1- or 
multi-dose. 

IM. 

VZV (VT031) 
Varivax 
(Sanofi/Merck; V059) 

Lyophilized + 
diluent; 1- or 
multi-dose; vial 
or prefilled. 

Not freeze 
sensitive; 
store 2–8°C. 

Varilrix® 
(GSK; V060) 

Lyophilized + 
diluent. 

Store 2–8°C. 

(Green Cross; V061) Lyophilized. Stored frozen. 

SC. 

Zostavax  
(Merck; V062) 

Unknown. Unknown. Unknown. 

Okavax 
(Biken; V137) 

Lyophilized + 
diluent. 

Store 2–8°C 
or -10°C 
(lyophilized 
powder only) 

Probably SC. 

Live attenuated VZV 
(China National; V145) 

Live attenuated. 

Lyophilized + 
diluent, 1-dose 
vial. 

Store 2–8°C, 
preferably 
frozen during 
transport. 

SC. 

 Varicella Vaccine (Tiantan Strain) 
(China National; V148) 

Unknown. Unknown. 

 (University of 
Colorado; 
V136) 

Killed virus. 

Unknown. Unknown. 

SC. 

▪ Reconstitution devices could be advantageous. 
 

YF (VT032) 
Stamaril PQ 
(Sanofi; V030 ) 

Not freeze 
sensitive; 
store 2–8°C. 

YF vaccine PQ 
(Bio-Manguinhos; V032) 

Freeze 
sensitive; 
store 2–8°C. 

YF vaccine PQ 
(Institut Pasteur Dakar; V033) 

Deep SC/IM. 

YF-Vax 
(Sanofi; V031) 

Lyophilized; 1-, 
5-, 10-, or 20-
dose vial + 
diluent. 

Unknown. 

Arilvax® 
(Novartis, Acambis; V034) 

Live attenuated. 

Unknown. 

Unknown. 

Deep SC/IM. 

▪ Used in WHO stockpile. 
▪ Suitability for spray-drying not known. 
▪ Reconstitution device could be advantageous. 
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Sources 

List of manufacturers surveyed: search of website for products and also pipeline (clinical/preclinical) 
• Activ-Dry; Aridis; Baxter; Bharat; BioDiem, Australia; Bio Farma; Bio Manguinhos; Bul Bio National Center of Infectious and Parasitic Diseases; 

Butantan; Centre for Genetic Engineering and Biotechnology; China National Biotec Group; CSL; Cytos; Dynavax; Emergent; Finlay Instituto; Genvec; 
Green Hills Biotech, Austria; GSK; Haffkine; Hawaii Biotech; Hepalife; Indian Immunologicals; Intercell; Intervax; Iomai; Kaketsuken; Korea 
Vaccine; Lentigen; LG; Lipoxen; MedImmune; Merck; Nobilon; Novartis; Novovax; Omnivest; Panacea; Perion; Protein Sciences; Sanofi; SBL 
Vaccin; Serum Institute of India; Sinovac; SK Chemical/Dong Shin, Korea; Takeda; Torlak; Va Biotech; Vaxinnate; Vivalis; Wyeth. 

Also: 
• Aeras Global TB Vaccine Foundation; European Medicines Agency; US Food and Drug Administration; International Federation of Pharmaceutical 

Manufacturers and Associations (IFPMA); PATH; WHO. 
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• Applied Strategies. GAVI Vaccine Investment Strategy Landscape Analysis—Dengue [PowerPoint online]. Available at: 
http://www.gavialliance.org/resources/10_Dengue_Landscape_Jun08.pdf. Accessed January 1, 2007.  
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PneumoADIP: 
• PneumoADIP. Pneumococcal conjugate vaccines. In: Ramakrishnan M, Foreman MM, eds. Pneumo Slide Set. Baltimore, MD: PneumoADIP; 2008. 

Available at: http://www.preventpneumo.org/resources/slides.cfm. 
• PneumoADIP. Preventing pneumonia & pneumococcal disease: the way forward. In: Ramakrishnan M, Foreman MM, eds. Pneumo Slide Set. 

Baltimore, MD: PneumoADIP; 2008. Available at: http://www.preventpneumo.org/resources/slides.cfm. 
 
Stop TB Partnership: 

• Stop TB Partnership. TB Vaccines Pipeline Working Group on New TB Vaccines. Geneva: Stop TB Partnership; 2008. Available at: 
www.stoptb.org/retooling/assets/documents/StopTB%202008%20Vaccines%20Pipeline%20March%2008.pdf. 

 
Product information sheets: 

• Abhayrab [product information sheet]. Available at: http://www.indimmune.com/abhayrab.html. 
• ACWY Vax [product information sheet]. Available at: 

http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?format=original&documentid=4559. 
• Attenuvax [product information sheet]. Available at: http://www.merck.com/product/usa/pi_circulars/a/attenuvax/attenuvax_pi.pdf. 
• Avaxim [product information sheet]. Available at: http://www.vaccineshoppecanada.com/secure/pdfs/ca/Avaxim_E.pdf. 
• Cervarix [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/displaydoc.asp?documentid=20207. 
• Dukoral [product information sheet]. Available at: http://www.emea.europa.eu/humandocs/PDFs/EPAR/dukoral/H-476-PI-en.pdf. 
• Elovac-B [product information sheet]. Available at: http://www.indimmune.com/hepatitis.html. 
• Engerix [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?format=original&documentid=3169. 
• Enivac HB 1[product information sheet]. Available at: http://www.panacea-biotec.com/product-pdf/vaccine1.pdf. 
• Enivac HB 2[product information sheet]. Available at: Available at: http://www.panacea-biotec.com/product-pdf/vaccine2.pdf. 
• Epaxal [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?DocumentID=12742. 
• Fendrix [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?DocumentID=16906. 
• Gardasil [product information sheet]. Available at: http://www.merck.com/product/usa/pi_circulars/g/gardasil/gardasil_pi.pdf. 
• Gen-Vac-B [product information sheet]. Available at: http://www.seruminstitute.com/content/products/product_genevac.htm. 
• HAVAX [product information sheet]. Available at: http://www.vabiotechvn.com/english/?act=sanphamin&code=detail&idcat=4&id=10. 
• Havrix [product information sheet]. Available at: http://us.gsk.com/products/assets/us_havrix.pdf. 
• HBvaccine and r-HBvax (Vabiotech) [product information sheet]. Available at: 

http://www.vabiotechvn.com/english/?act=sanphamin&code=detail&idcat=4&id=9. 
• HBVAXPRO [product information sheet]. Available at: http://www.emea.europa.eu/humandocs/PDFs/EPAR/hbvaxpro/H-B-VAXPROSPC.pdf. 
• Healive [product information sheet]. Available at: http://www.sinovac.com/Products/Healive/AboutHealive/. 
• Hepavax-Gene [product information sheet]. Available at: http://www.crucell.com/Products-Hepavax-Gene. 
• Hexavac [product information sheet]. Available at: http://www.emea.europa.eu/humandocs/Humans/EPAR/hexavac/hexavac.htm. 
• IMOVAX [product information sheet]. Available at: http://www.vaccineshoppecanada.com/secure/pdfs/CA/IMOVAX_E.pdf. 
• Infanrix [product information sheet]. Available at: http://www.emea.europa.eu/humandocs/Humans/EPAR/infanrixhexa/infanrixhexa.htm. 
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• JE vaccine: Vabiotech [product information sheet]. Available at: http://www.vabiotechvn.com/english/?act=sanphamin&code=detail&idcat=4&id=18. 
• M-M-R II [product information sheet]. Available at: http://www.merck.com/product/usa/pi_circulars/m/mmr_ii/mmr_ii_pi.pdf. 
• M-M-RvaxPro [product information sheet]. Available at: http://www.emea.europa.eu/humandocs/PDFs/EPAR/mmrvaxpro/H-604-PI-en.pdf. 
• Measles, rubella vaccine (SSI) [product information sheet]. Available at: http://www.seruminstitute.com/content/products/product_measles_rubella.htm. 
• Meningitec [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?DocumentID=2622. 
• Menjugate [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?DocumentID=17849. 
• NeisVac-C [product information sheet]. Available at: http://www.gsk.ca/english/docs-pdf/neisvac_PM_20061215.pdf. 
• ORC-Vax [product information sheet]. Available at: http://www.vabiotechvn.com/english/?act=sanphamin&code=detail&idcat=4&id=17. 
• Pneumovax 23 [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?DocumentID=1446. 
• Pneumovax 23 [product information sheet]. Available at: http://www.merck.com/product/usa/pi_circulars/p/pneumovax_23/pneumovax_pi.pdf. 
• Prevnar [product information sheet]. Available at: http://www.emea.europa.eu/humandocs/PDFs/EPAR/Prevenar/H-323-PI-en.pdf. 
• Priorix [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?format=original&documentid=3180. 
• Quintanrix [product information sheet]. Available at: http://www.emea.europa.eu/humandocs/PDFs/EPAR/quintanrix/H-556-PI-en.pdf. 
• Rabipur [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?DocumentID=14933. 
• Recombivax HB 1 [product information sheet]. Available at: https://www.merckvaccines.com/recombivaxHBProductPage_frmst.html. 
• Recombivax HB 2 [product information sheet]. Available at: http://www.merck.com/product/usa/pi_circulars/r/recombivax_hb/recombivax_pi.pdf. 
• Revac-B+ [product information sheet]. Available at: http://www.bharatbiotech.com/p_revac-b.htm. 
• Revac-Bmcf [product information sheet]. Available at: http://www.bharatbiotech.com/p_revac-bmcf.htm. 
• Rotarix [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?DocumentID=17840. 
• Rotateq [product information sheet]. Available at: http://www.rotateq.com/hcp/. 
• Rouvax [product information sheet]. Available at: http://www.health.gov.il/units/pharmacy/trufot/alonim/919.pdf. 
• Shanvac-B [product information sheet]. Available at: http://www.shanthabiotech.com/pack_insert_inhouse/Domestic%20shanvac-B%203%20fold.pdf. 
• SII Rabivax [product information sheet]. Available at: http://www.seruminstitute.com/content/products/product_rabivax.htm. 
• Stamaril and YF-Vax [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?DocumentID=9846. 

Available at: http://www.vaccineshoppecanada.com/secure/pdfs/ca/YF_VAX_E.pdf. 
• Tritanrix-HepB [product information sheet]. Available at: http://www.emea.europa.eu/humandocs/PDFs/EPAR/Tritanrixhepb/H-093-PI-en.pdf. 
• TypBar [product information sheet]. Available at: http://www.bharatbiotech.com/p_typbar.htm. 
• Typherix [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?DocumentID=2063. 
• Typhim Vi [product information sheet]. Available at: http://www.vaccineshoppecanada.com/secure/pdfs/ca/Typhim_Vi_E.pdf. 
• Vaqta [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?DocumentID=6211. 
• Varilrix [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/displaydoc.asp?documentid=9453. 
• Varivax [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?DocumentID=15264. 
• Vax-TyVi [product information sheet]. Available at: http://www.finlay.sld.cu/english/products/vaxtyvie1.htm. 
• Vivotif [product information sheet]. Available at: http://emc.medicines.org.uk/emc/assets/c/html/DisplayDoc.asp?DocumentID=17476. 
• Yellow Fever [product information sheet]. Available at: 

http://www.fiocruz.br/bio_eng/media/bulas/vacinas/BM_073_06B%20Fa%20export%2005%20Svvm%20190357.pdf. 
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• Zostavax [product information sheet]. Available at: http://www.merck.com/product/usa/pi_circulars/z/zostavax/zostavax_pi.pdf. 
 
Vaccine webpage: 

• Travellers page. National Travel Health Network and Centre website. Available at: http://www.nathnac.org/travel/factsheets/typhoid_paratyphoid.htm. 
Accessed March 1, 2008.  

 
Primary papers/reviews: 
Cholera: 

• Lopez AL, Clemens JD, Deen J, Jodar L. Cholera vaccines for the developing world. Human Vaccines. 2008;4(2):165–169. 
• Ryan ET, Calderwood SB, Qadri F. Live attenuated oral cholera vaccines. Expert Review of Vaccines. 2006;5(4):483–494. 

 
CMV: 

• Adler SP. Human CMV vaccine trials: what if CMV caused a rash? Journal of Clinical Virology. 2008;41(3):231–236. 
• Arvin AM, Fast P, Myers M, Plotkin S, Rabinovich R. Vaccine development to prevent cytomegalovirus disease: report from the National Vaccine 

Advisory Committee. Clinical Infectious Diseases. 2004;39(2):233–239. 
• Bernstein DI, Schleiss MR, Berencsi K, et al. Effect of previous or simultaneous immunization with canarypox expressing cytomegalovirus (CMV) 

glycoprotein B (gB) on response to subunit gB vaccine plus MF59 in healthy CMV-seronegative adults. The Journal of Infectious Diseases. 
2002;185(5):686–690. 

• Cannon MJ, Davis KF. Washing our hands of the congenital cytomegalovirus disease epidemic. BMC Public Health. 2005;5:70. 
• Jacobson MA, Sinclair E, Bredt B, et al. Safety and immunogenicity of Towne cytomegalovirus vaccine with or without adjuvant recombinant 

interleukin-12. Vaccine. 2006;24(25):5311–5319.  
• Khanna R, Diamond DJ. Human cytomegalovirus vaccine: time to look for alternative options. Trends in Molecular Medicine. 2006;12(1):26–33. 
• Schleiss MR, Bernstein DI, Passo M, et al. Lack of induction of autoantibody responses following immunization with cytomegalovirus (CMV) 

glycoprotein B (gB) in healthy CMV-seronegative subjects. Vaccine. 2004;23(5):687–692. 
• Schleiss MR, Heineman TC. Progress toward an elusive goal: current status of cytomegalovirus vaccines. Expert Review of Vaccines. 2005;4(3):381–

406. 
• Wloch MK, Smith LR, Boutsaboualoy S, et al. Safety and immunogenicity of a bivalent cytomegalovirus DNA vaccine in healthy adult subjects. The 

Journal of Infectious Diseases. 2008;197(12):1634–1642. 
 
ETEC: 

• McKenzie R, Bourgeois AL, Engstrom F, et al. Comparative safety and immunogenicity of two attenuated enterotoxigenic Escherichia coli vaccine 
strains in healthy adults. Infection and Immunity. 2006;74(2):994–1000. 

Project Optimize – landscape analysis July 2008    
Page 42 of 46    
  



Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 
General: 

• Kersten G, Hirschberg H. Needle-free vaccine delivery. Expert Opinion on Drug Delivery. 2007;4(5):459–474. 
 
Hepatitis A:  

• Van Herck K, Van Damme P. Prevention of hepatitis A by Havrix: a review. Expert Review of Vaccines. 2005;4(4):459–471.  
 
Hepatitis B: 

• Aggarwal R, Ranjan P. Preventing and treating hepatitis B infection. BMJ. 2004;329(7474):1080–1086. 
• Betancourt AA, Delgado CA, Estevez ZC, et al. Phase I clinical trial in healthy adults of a nasal vaccine candidate containing recombinant hepatitis B 

surface and core antigens. International Journal of Infectious Diseases. 2007;11(5):394–401. 
• Estevez ZC, Betancourt AA, Muzio GV, et al. Immunogenicity and safety assessment of the Cuban recombinant hepatitis B vaccine in healthy adults. 

Biologicals. 2007;35(2):115–122.  
• Hilleman MR. Critical overview and outlook: pathogenesis, prevention, and treatment of hepatitis and hepatocarcinoma caused by hepatitis B virus. 

Vaccine. 2003;21(32):4626–4649. 
• Kundi M. New hepatitis B vaccine formulated with an improved adjuvant system. Expert Review of Vaccines. 2007;6(2):133–140. 

 
Hepatitis E: 

• Li SW, Zhang J, Li YM, et al. A bacterially expressed particulate hepatitis E vaccine: antigenicity, immunogenicity and protectivity on primates. 
Vaccine. 2005;23(22):2893–2901. 

• Purcell RH, Emerson SU. Hepatitis E: an emerging awareness of an old disease. Journal of Hepatology. 2008;48(3):494–503.  
• Shrestha MP, Scott RM, Joshi DM, et al. Safety and efficacy of a recombinant hepatitis E vaccine. The New England Journal of Medicine. 

2007;356(9):895–903.  
 
HPV: 

• Ferenczy A, Franco EL. Prophylactic human papillomavirus vaccines: potential for sea change. Expert Review of Vaccines. 2007;6(4):511–525. 
• Gambhira R, Gravitt PE, Bossis I, Stern PL, Viscidi RP, Roden RB. Vaccination of healthy volunteers with human papillomavirus type 16 L2E7E6 

fusion protein induces serum antibody that neutralizes across papillomavirus species. Cancer Research. 2006;66(23):11120–11124.  
• Garcia CA, Galvan SC. Vaccines against human papillomavirus: perspectives for controlling cervical cancer. Expert Review of Vaccines. 

2007;6(4):497–510.  
• Schiller JT, Nardelli-Haefliger D. Chapter 17: second generation HPV vaccines to prevent cervical cancer. Vaccine. 2006;24(Suppl 3):147–153.  

 
Malaria: 

• Audran R, Cachat M, Lurati F, et al. Phase I malaria vaccine trial with a long synthetic peptide derived from the merozoite surface protein 3 antigen. 
Infection and Immunity. 2005;73(12):8017–8026. 

Project Optimize – landscape analysis July 2008    
Page 43 of 46    
  



Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 1 
Summary tables of vaccine types and individual vaccines (licensed and in clinical phase of development) 
 

• Dicko A, Sagara I, Ellis RD, et al. Phase 1 study of a combination AMA1 blood stage malaria vaccine in Malian children. PLoS ONE. 2008;3(2):e1563. 
• Druilhe P, Barnwell JW. Pre-erythrocytic stage malaria vaccines: time for a change in path. Current Opinion in Microbiology. 2007;10(4):371–378. 
• Girard MP, Reed ZH, Friede M, Kieny MP. A review of human vaccine research and development: malaria. Vaccine. 2007;25(9):1567–1580. 
• Greenwood BM, Fidock DA, Kyle DE, et al. Malaria: progress, perils, and prospects for eradication. The Journal of Clinical Investigation. 

2008;118(4):1266–1276. 
• Hu J, Chen Z, Gu J, et al. Safety and immunogenicity of a malaria vaccine, Plasmodium falciparum AMA-1/MSP-1 chimeric protein formulated in 

montanide ISA 720 in healthy adults. PLoS ONE. 2008;3(4):e1952. 
• Huaman MC, Martin LB, Malkin E, et al. Ex vivo cytokine and memory T cell responses to the 42-kDa fragment of Plasmodium falciparum merozoite 

surface protein-1 in vaccinated volunteers. Journal of Immunology. 2008;180(3):1451–1461. 
• Remarque EJ, Faber BW, Kocken CH, Thomas AW. Apical membrane antigen 1: a malaria vaccine candidate in review. Trends in Parasitology. 

2008;24(2):74–84.  
 
Measles: 

• Moss WJ, Griffin DE. Global measles elimination. Nature Reviews Microbiology. 2006;4(12):900–908. 
 
Meningitis: 

• Boutriau D, Poolman J, Borrow R, et al. Immunogenicity and safety of three doses of a bivalent (B:4:p1.19,15 and B:4:p1.7-2,4) meningococcal outer 
membrane vesicle vaccine in healthy adolescents. Clinical and Vaccine Immunology. 2007;14(1):65–73.  

• Kshirsagar N, Mur N, Thatte U, et al. Safety, immunogenicity, and antibody persistence of a new meningococcal group A conjugate vaccine in healthy 
Indian adults. Vaccine. 2007;25(Suppl 1):A101–A107. 

• Perez AE, Dickinson FO, Banderas F, et al. Safety and preliminary immunogenicity of MenC/P64k, a meningococcal serogroup C conjugate vaccine 
with a new recombinant carrier. FEMS Immunology and Medical Microbiology. 2006;46(3):386–392. 

 
Polio: 

• Macadam AJ, Ferguson G, Stone DM, et al. Rational design of genetically stable, live-attenuated poliovirus vaccines of all three serotypes: relevance to 
poliomyelitis eradication. Journal of Virology. 2006;80(17):8653–8663. 

• Tano Y, Shimizu H, Martin J, Nishimura Y, Simizu B, Miyamura T. Antigenic characterization of a formalin-inactivated poliovirus vaccine derived 
from live-attenuated Sabin strains. Vaccine. 2007;25(41):7041–7046. 

 
Rabies: 

• Roukens AH, Vossen AC, van Dissel JT, Visser LG. Reduced dose pre-exposure primary and booster intradermal rabies vaccination with a purified 
chick embryo cell vaccine (PCECV) is immunogenic and safe in adults. Vaccine. 2008;26(27-28):3438–3442. 

• Vien NC, Feroldi E, Lang J. Long-term anti-rabies antibody persistence following intramuscular or low-dose intradermal vaccination of young 
Vietnamese children. Transactions of the Royal Society of Tropical Medicine and Hygiene. 2008;102(3):294–296. 
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Rotavirus: 

• Barnes GL, Lund JS, Mitchell SV, et al. Early phase II trial of human rotavirus vaccine candidate RV3. Vaccine. 2002;20(23-24):2950–2956. 
• Bhandari N, Sharma P, Glass RI, et al. Safety and immunogenicity of two live attenuated human rotavirus vaccine candidates, 116E and I321, in infants: 

results of a randomized controlled trial. Vaccine. 2006;24(31-32):5817–5823. 
• Clements-Mann ML, Dudas R, Hoshino Y, et al. Safety and immunogenicity of live attenuated quadrivalent human-bovine (UK) reassortant rotavirus 

vaccine administered with childhood vaccines to infants. Vaccine. 2001;19(32):4676–4684. 
• Madhi SA, Levine OS, Hajjeh R, Mansoor OD, Cherian T. Vaccines to prevent pneumonia and improve child survival. Bulletin of the World Health 

Organization. 2008;86(5):365–372. 
 
RSV: 

• Bennett N, Ellis J, Bonville C, Rosenberg H, Domachowske J. Immunization strategies for the prevention of pneumovirus infections. Expert Review of 
Vaccines. 2007;6(2):169–182. 

• Mejías A, Ramilo O. New approaches to reduce the burden of RSV infection. Drug Discovery Today. 2006;3:173–181. 
 
Shigella: 

• Fries LF, Montemarano AD, Mallett CP, Taylor DN, Hale TL, Lowell GH. Safety and immunogenicity of a proteosome-Shigella flexneri 2a 
lipopolysaccharide vaccine administered intranasally to healthy adults. Infection and Immunity. 2001;69(7):4545–4553. 

• Kotloff KL, Simon JK, Pasetti MF, et al. Safety and immunogenicity of CVD 1208S, a live, oral DeltaguaBA Deltasen Deltaset Shigella flexneri 2a 
vaccine grown on animal-free media. Human Vaccines. 2007;3(6):268–275.  

• Kweon MN. Shigellosis: the current status of vaccine development. Current Opinion in Infectious Diseases. 2008;21(3):313–318. 
• Levine MM, Kotloff KL, Barry EM, Pasetti MF, Sztein MB. Clinical trials of Shigella vaccines: two steps forward and one step back on a long, hard 

road. Nature Reviews Microbiology. 2007;5(7):540–553. 
• McKenzie R, Venkatesan MM, Wolf MK, et al. Safety and immunogenicity of WRSd1, a live attenuated Shigella dysenteriae type 1 vaccine candidate. 

Vaccine. 2008;26(26):3291–3296.  
• McKenzie R, Walker RI, Nabors GS, et al. Safety and immunogenicity of an oral, inactivated, whole-cell vaccine for Shigella sonnei: preclinical studies 

and a Phase I trial. Vaccine. 2006;24(18):3735–3745. 
• Ranallo RT, Thakkar S, Chen Q, Venkatesan MM. Immunogenicity and characterization of WRSF2G11: a second generation live attenuated Shigella 

flexneri 2a vaccine strain. Vaccine. 2007;25(12):2269–2278. 
• Sadorge C, Ndiaye A, Beveridge N, et al. Phase 1 clinical trial of live attenuated Shigella dysenteriae type-1 DeltaicsA Deltaent Deltafep 

DeltastxA:HgR oral vaccine SC599 in healthy human adult volunteers. Vaccine. 2008;26(7):978–987. 
• Turbyfill KR, Kaminski RW, Oaks EV. Immunogenicity and efficacy of highly purified invasin complex vaccine from Shigella flexneri 2a. Vaccine. 

2008;26(10):1353–1364.  
• Venkatesan MM, Ranallo RT. Live-attenuated Shigella vaccines. Expert Review of Vaccines. 2006;5(5):669–686. 
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• Wahid R, Salerno-Goncalves R, Tacket CO, Levine MM, Sztein MB. Cell-mediated immune responses in humans after immunization with one or two 
doses of oral live attenuated typhoid vaccine CVD 909. Vaccine. 2007;25(8):1416–1425. 

Typhoid: 

 
VZV: 

• Gilderman LI, Lawless JF, Nolen TM, et al. A double-blind, randomized, controlled, multicenter safety and immunogenicity study of a refrigerator-
stable formulation of Zostavax. Clinical and Vaccine Immunology. 2008;15(2):314–319. 

• Holodniy M. Prevention of shingles by varicella zoster virus vaccination. Expert Review of Vaccines. 2006;5(4):431–443. 
• Levine MJ, Ellison MC, Zerbe GO, et al. Comparison of a live attenuated and an inactivated varicella vaccine to boost the varicella-specific immune 

response in seropositive people 55 years of age and older. Vaccine. 2000;18(25):2915–2920.  
• Macaladad N, Marcano T, Guzman M, et al. Safety and immunogenicity of a zoster vaccine in varicella-zoster virus seronegative and low-seropositive 

healthy adults. Vaccine. 2007;25(11):2139–2144. 
• Terada K, Niizuma T, Ogita S, Kataoka N. Responses of varicella zoster virus (VZV)-specific immunity in seropositive adults after inhalation of 

inactivated or live attenuated varicella vaccine. Vaccine. 2002;20(31-32):3638–3643. 
 
Yellow fever: 

• Monath TP. Yellow fever vaccine. Expert Review of Vaccines. 2005;4(4):553–574. 
• Roukens AH, Vossen AC, Bredenbeek PJ, van Dissel JT, Visser LG. Intradermally administered yellow fever vaccine at reduced dose induces a 

protective immune response: a randomized controlled non-inferiority trial. PLoS ONE. 2008;3(4):e1993. 
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Summary of vaccine delivery technologies 
 
Notes 
 
Potential vaccine applications 
Some technologies could, in theory, be applied to whole classes of vaccines (e.g., all injected vaccines, all killed/protein vaccines, all orally delivered vaccines). In 
most cases, there is not information to support or refute these potential vaccine applications. Therefore, the entries in this column are repetitive. If any information 
is available supporting use with a particular vaccine, it is listed. This does not necessarily mean that this is the only appropriate vaccine(s) for which the technology 
might be suitable. 
 
Legend 

• NA: not applicable. 
• ID: intradermal. 
• IM: intramuscular. 
• IN: intranasal. 
• IPulm: intrapulmonary. 
• SC: subcutaneous. 
• TC: transcutaneous. 

 
Each device/technology has a unique identifier (Tnnn). 
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Delivery technology categories used 
 

Category Name 
  
1 Injection safety devices 

1.1 Auto-disable syringes. 
1.2 Anti-stick syringes. 

  
2 Prefilled reconstitution devices 

2.1 Prefilled reconstitution syringes.  
2.2 Prefilled reconstitution vials/pouches. 

  
3 Implants 

3.1 Biodegradable implants. 
  
4 Jet injectors 

4.1 Disposable cartridge jet injectors (DCJI) with prefilled unit dose cartridges. 
4.2 Disposable cartridge jet injectors (DCJI): end-user filling. 
4.3 Single-use disposable jet injectors (SUDJI). 
4.4 Solid particle jet injectors. 

  
5 Sublingual/buccal delivery 

5.1 Dissolvable tablets/wafers. 
5.2 Buccal/oral spray. 
5.3 Oral patches. 

  
6 Microneedles 

6.1 Hollow microneedles. 
6.2 Solid microneedles. 
6.3 Vaccine-coated microneedles. 
6.4 Dissolvable/biodegradable microneedles. 

  
7 Inhalation/pulmonary delivery 

7.1 Liquid inhalation. 
7.2 Powder inhalation. 

  
8 Intranasal delivery 

8.1 Nasal spray (powder). 
8.2 Nasal spray (liquid). 
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Category Name 
  
9 Transdermal delivery 

9.1 Transdermal patches (microneedle-free). 
9.2 Transdermal patches with micro-electrodes. 

  
10 Intradermal needle delivery 

10.1 Needle depth limiters. 
  
11 Prefilled containers 

11.1 Prefilled syringes. 
11.2 Prefilled cartridges. 
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Technology 
(ID) Developer 

 

Description 

 

Route Development 
status 

Potential vaccine 
applications Notes and references 

 

1. Injection safety devices 

    

 

1.1 Auto-disable syringes 

    

Star Syringe 
K1™ 

(T072) 

Star Syringe 
Limited 

www.starsyringe
.com  

Auto-disable syringe mechanism 
prevents reuse. After one complete 
injection, the plunger automatically locks 
in place and breaks if forced. 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

World Heatlh Organization (WHO), United Nations 
Children’s Fund, and International Organization for 
Standardization (ISO) approved. 

Multiple licensees via Star Syringe alliance. 

 

http://www.starsyringe.com/downloads_files/K1%20Br
ochure%20download.pdf 

 
Soloshot™ IX 
syringe 

(T074) 

Becton 
Dickinson 

www.bd.com  

Range of disposable syringes, color 
coded according to needle size. Plunger 
locks to prevent overfilling. After 
delivery, plunger cannot be pulled back 
to refill syringe. 

SC, IM 
(ID). 

Commercially 
available. 

All injectable 
vaccines. 

http://www.bd.com/immunization/pdfs/products/bd_sol
oshot_IX.pdf  

 

Soloshot LX Bacille Calmette Guerin (BCG) syringe 
available for ID delivery. 

http://www.bd.com/immunization/pdfs/products/bd_sol
oshot_LX.pdf  

 

Soloshot is more dose-sparing than some other 
syringe designs.1 
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Technology 
(ID) 

 

Development Potential vaccine Developer Description Route Notes and references 

 

status applications 

BD Uniject™ 

(T075) 

Becton 
Dickinson (BD) 

www.bd.com 

Single-use system with squeezable drug 
reservoir. Device cannot be reused 
because the sealed drug reservoir 
membrane breaks after use and a disc 
valve inhibits refilling. 

 

SC, IM. Commercially 
available. 

All injectable 
vaccines.  

Currently used for 
hepatitis B and 
tetanus. 

http://www.bd.com/immunization/pdfs/products/bd_unij
ect.pdf  

 

3-part auto-
disable 
syringes 

(T076) 

Terumo Europe 
NV 

www.terumo-
europe.com  

Syringe incorporates locking 
mechanism, which locks the plunger 
once the syringe plunger is depressed to 
prevent reuse. 

The needle is permanently attached to 
the syringe to limit dead space. 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

http://www.terumo-
europe.com/_hospi_products_pages/hospi_syringe_3_
ad.html  

 

http://www.terumo-
europe.com/_hospi_pdf/syringes_ad.pdf  

 
Once Inject® 

(T078) 

Codan 

www.codan.de  

After injection, the piston separates from 
the silicone stopper automatically and 
permanently. The piston head remains 
at the end of the cylinder, preventing 
reuse.  

 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

http://www.codan.de/images/ProductPres/PDFs/Syring
es_GB.pdf 

Destroject 

(T079) 

Destroject 
GmbH 

Medical Devices 

www.destroject.
com  

 

A small plastic ratchet on the syringe 
prevents the syringe from being filled 
more than once. The plunger breaks if 
withdrawn a second time.  

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

http://www.destroject.de/images/destrbrochure.PDF 

Cady 

(T104) 

Emunio ApS 

www.emunio.dk 

After injection, the syringe auto-disables 
by automatically breaking the plunger 
with any attempt to either push or pull 
the plunger. 

 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

http://www.emunio.dk/solution/cady/cady.asp  
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(ID) 

 

Development Potential vaccine Developer Description Route Notes and references 

 

status applications 

Becky 

(T105) 

Emunio ApS 

www.emunio.dk 

After the syringe is completely emptied, 
it disables by automatically breaking the 
plunger with any attempt to either push 
or pull the plunger. 

 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

http://www.emunio.dk/solution/becky/becky.asp  

 

 

1.2 Anti-stick syringes 

    

K3™ Safety 
Cap 

(T073) 

Star Syringe 
Limited 

www.starsyringe
.com  

An anti-needlestick feature that is an 
adaptation of a standard needle cap. 
After administration, the cap covers the 
needle again and locks securely in 
place. 

 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

http://www.starsyringe.com/ktechnology.html  

BakSnap® 
retractable 
safety syringe 

(T077) 

DuoProSS 
Meditech Corp. 

www.duopross.c
om  

Non-reusable, auto-destructive syringe. 
After use, the plunger can be pulled 
back, snapped, and the entire unit 
disposed of. 

 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

Mechanism is anti-stick and auto-disable. 

 

http://www.duopross.com/products/images/baksnap-
instructions.pdf  

http://www.duopross.com/products/index.php 

 
Vanishpoint™ 
syringe 

(T080) 

Retractable 
Technologies 
Incorporated 

www.vanishpoint
.com  

 

Completely depressing plunger while the 
needle is in the recipient activates 
mechanism, which retracts needle into 
syringe. 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

Mechanism is anti-stick and auto-disable. 

 

http://www.vanishpoint.com/files/Syringe_Brochure.pdf 

 

Unitract™ 1 ml 
Safe Syringe 

(T081) 

Unilife Medical 
Solutions 
Limited 

User-controlled needle retraction” 
retracts needle directly from the body 
into the barrel. Needle then tilts to one 
side. Two opposing safety ramps 

SC, IM. Approved for sale in 
European conformity 
(CE) mark countries. 
Approval in other 

All injectable 
vaccines. 

Mechanism is anti-stick and auto-disable. 
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www.unitract.co
m  

prevent reuse. In addition, the plunger 
cannot be drawn back a second time. 

international 
markets will occur 
shortly (company 
website, 2007). 

Company changed name in 2004, from Unitract. 

 

http://www.unitract.com/corp/index.php?option=com_c
ontent&task=view&id=325&Itemid=198&lang=en  

http://www.unitract.com/corp/index.php?option=com_c
ontent&task=view&id=325&Itemid=198&lang=en  

 
InviroSNAP 

(T103) 

Inviro Medical 

www.inviromedic
al.com  

Syringe features patented system for 
manual retraction of needle into barrel of 
syringe after use. 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

Mechanism is anti-stick and auto-disable. 

Less expensive than auto-retractable mechanisms. 

http://www.inviromedical.com/PRODUCTS/SNAPSafet
ySyringe/SNAPSafetySyringeOverview/tabid/140/Defa
ult.aspx  

Syringes have “write-on stripe” for labeling barrel. 

 
Ultrasafe 
passive® 
delivery system 

(T119) 

Safety Syringes 
Incorporated 

www.safetysyrin
ges.com 

The system is specifically designed for 
use with unit dose prefilled glass 
syringes. Following injection, safety 
guard is passively activated (by spring 
mechanism), which covers the needle 
and locks into place.  

 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

 

Used for Gardasil 
(Merck) and Vaqta 
(Merck). 

http://www.safetysyringes.com/pdf/PassveDelivrySyst
m_cfo.pdf 

http://www.safetysyringes.com/products/index.html  

Tamper-evident versions and separate needle guards 
for fitting to syringes also available. 

Mechanism is anti-stick and auto-disable. 

 
BD 
Safetyglide™ 
needle 

Becton 
Dickinson 

www.bd.com 

Hinged plastic sleeve for syringe needle. 
After injection, pressure from a single 
finger extends the sleeve to cover the 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

http://www.bd.com/injection/products/pdf/BD_safetygli
de_needle_brochure.pdf  
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(T120) whole needle. 

 
BD Safety-
Lok™ syringe 

(T121) 

Becton 
Dickinson 

www.bd.com 

Syringe with sliding plastic sleeve that is 
extended after injection to cover the 
needle. Colored collars provide visual 
confirmation that sleeve is locked in 
place. 

 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

http://www.bd.com/injection/products/pdf/BD_safetylok
_syringe_brochure.pdf 

BD Preventis™ 

(T122) 

Becton 
Dickinson 

www.bd.com 

Prefilled syringe with automatic needle 
shielding system, compatible with BD 
Hypak™ syringe with attached needle. 
After injection, further pressure on the 
plunger activates spring, causing needle 
shield to automatically lock into place. 

 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

http://www.bd.com/pharmaceuticals/products/BDPS-
PreventisBRO-7127.pdf  

 

BD Eclipse™ 
needle 

(T123) 

Becton 
Dickinson 

www.bd.com 

Luer-lock needle with additional safety 
cover that is pushed over needle using 
thumb or forefinger after injection. 

 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

Cannot be used on luer-slip syringes. 

http://www.bd.com/injection/products/pdf/BD_eclipse_
usage.pdf 

http://www.bd.com/injection/products/pdf/BD_eclipse_
brochure.pdf 

 
BD Integra™ 
syringe 

(T124) 

Becton 
Dickinson 

www.bd.com 

After injection, additional pressure on the 
plunger activates (spring-loaded) 
mechanism to retract needle into the 
syringe. The Integra has a specially 
designed needle hub and syringe thread, 
which reduces volume of dead space by 
up to 95%. 

 

SC, IM. Commercially 
available. 

All injectable 
vaccines. 

http://www.bd.com/safety/pdfs/BD_Integra_1ml_Syring
e_brochure_0507.pdf  

http://www.bd.com/safety/pdfs/BD_integra_ordering_in
fo2.pdf  

http://www.bd.com/injection/products/integra/attributes
_3ml.asp  

Mechanism seems to be the same as BD Preventis.  
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2. Prefilled reconstitution devices 

    

 

2.1 Prefilled reconstitution syringes 

    

Clip’n’Ject® 

(T036) 

West 
Pharmaceutical 
Services 

www.westpharm
a.com  

 

Syringe prefilled with correct amount of 
diluent, plus needle-free adaptor for vial 
containing powder (PATH unpublished 
data, 2005 and 2008). 

Accepts existing vials, and the needle 
remains shielded until injection into 
patient. 

 

SC, IM. Commercially 
available. Currently 
used for lyophilized 
drugs. 

Injectable lyophilized 
and spray-dried 
vaccines. 

 

http://www.westpharma.com/na/en/products/Pages/Cli
pnJect.aspx 

 

Device is being evaluated by PATH. 

MixJect™ 

(T037) 

West 
Pharmaceutical 
Services 

www.westpharm
a.com  

 

Syringe prefilled with correct amount of 
diluent, plus needle-free adaptor for vial 
containing powder (PATH unpublished 
data, 2005 and 2008). Compatible with 
existing vials and auto-injector devices. 
Accepts existing vials, and the needle 
remains shielded until injection into 
patient. 

 

SC, IM. Commercially 
available. Currently 
used for lyophilized 
drugs. MixJect has 
510(K) approval and 
CE mark. 

Injectable lyophilized 
and spray-dried 
vaccines. 

 

http://www.westpharma.com/na/en/products/Pages/Mi
xject.aspx 

MixJect was developed by Medimop Medical Projects 
Limited. 

Device is being evaluated by PATH. 

INX2 

(T041) 

Mystic 
Pharmaceuticals 
Incorporated 

www.mysticphar
maceuticals.com  

Allows drugs or biologic agents to 
remain in a stable freeze-dried form and 
be combined into final form as part of the 
drug administration procedure by the 
end user in a simple three-step 
operation 

 

SC, IM 
likely. 

Design/research. Injectable lyophilized 
and spray-dried 
vaccines. 

http://www.mysticpharmaceuticals.com/RandD/Lyophili
zedDrugDelivery.htm 

May also be referred to as Dartfish or Versiject. 

Device is being evaluated by PATH. 

 
Immunoject 

(T042) 

Plan A Solutions 
/ PATH 

Double blister, frangible membrane. 
Foil/laminate pouches contain wet and 
dry ingredients.  

SC, IM 
likely. 

Design/research. Injectable lyophilized 
and spray-dried 
vaccines. 

Device is being evaluated by PATH. 
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Intervial plus™ 

(T043) 

Duoject Medical 
Systems 
Incorporated 

www.duoject.co
m 

Closed system to reconstitute and 
deliver a solid dose. The specialized 
syringe cartridge can be filled on 
standard powder fillers or its liquid 
contents lyophilized in conventional 
freeze-dryers. Drug reconstitution and 
delivery is performed with the original 
container (a syringe), so transfer losses 
are minimal.  

 

SC, IM. Commercially 
available. 

Injectable lyophilized 
and spray-dried 
vaccines. 

http://duoject.com/InterVialPlus.aspx 

 

Device is being evaluated by PATH. 

 

Smart-Rod™ 
XR 

(T044) 

Duoject Medical 
Systems 
Incorporated 

www.duoject.co
m 

Prefilled 1 ml diluent syringe with staked-
in needle for diluent transfer plus 
adaptor to fit conventional vials. 
Retractable self-purging transfer needle 
is hidden in the plunger rod for safe 
reconstitution and to minimize waste. 
Injection needle not included. 

 

SC, IM. US$510,000 
approved April 2008. 
Current Good 
Manufacturing 
Practice (cGMP) 
production 
scheduled for Q2 
2009. 

Injectable lyophilized 
and spray-dried 
vaccines. 

http://duoject.com/SmartRodXR.aspx 

 

Device is being evaluated by PATH. 

 

Lyoject 

(T045) 

Vetter Pharma 

www.vetter-
pharma.com  

Dual-chamber syringe. Chamber 
volumes of 0.5–5.0 ml. 

SC, IM. Was used for anti-
hypertensives, but 
withdrawn. 

Regulatory-
approved production 
(PATH unpublished 
data, 2008). 

 

Injectable lyophilized 
and spray-dried 
vaccines. 

Was evaluated by 
Merck for use with 
measles, mumps, 
and rubella, but not 
pursued (PATH 
unpublished data, 
2005). 

No product website.  

Complex device (PATH unpublished data, 2008). 

Applicable, but not used for any vaccine products 
(PATH unpublished data, 2008). 

May not be suitable for safe handling of live vaccines 
(PATH unpublished data, 2008). 

In late 1990s, information from Vetter estimated 
prefilled syringes to add ~US$5 to cost of drug (PATH 
unpublished data, 2005). 

Device is being evaluated by PATH. 
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Liquid Dry 
Injector 

(T046) 

Becton 
Dickinson 

www.bd.com  

Prefilled, pen-style, disposable, and 
single-dose system. Reconstitution and 
injection in two steps: dial and dose 
operation. 

 

SC, IM. Commercially 
available. 

Currently used for 
interferon treatment 
for hepatitis C virus. 

 

Injectable lyophilized 
and spray-dried 
vaccines. 

Needle has to be attached by user. 

http://www.bd.com/pharmaceuticals/products/BD_liqui
ddry_injector.pdf 

Hydris 

(T047) 

Cambridge 
Biostability 
Limited 

www.biostability.
com  

Spray-dried vaccine stored in its own 
container placed on end of syringe. 
Vaccine is instantly rehydrated by water 
or saline from an auto-disable syringe in 
the time it takes to depress the plunger. 

 

SC, IM. Design/research. Injectable spray-
dried vaccines. 
Possibly suitable for 
live vaccines due to 
gentle drying 
process. 

 

http://www.biostability.com/Additional%20Info/HydrisE
xecSummary.pdf 

Cambridge Biostability Limited recently received 
£200,000 grant to progress from laboratory scale to 
cGMP standard manufacturing (company press 
release, February 2008). 

 
PATH 
Concepts 

(T109, T110) 

PATH 

www.PATH.com  

PATH development project is working on 
two in-house concepts for lower-cost 
reconstitution syringes appropriate for 
vaccines. Both involve prefilled syringes 
with diluent and powder.  

 

SC, IM. Design/research. Injectable lyophilized 
and spray-dried 
vaccines. 

 

 

2.2 Prefilled reconstitution vials/pouches 

    

Single Vial 
system 

(T038) 

Creare 
Incorporated 

www.creare.com  

A self-contained, auto-reconstitution 
system compatible with conventional 
syringes, jet injectors, and aerosol 
devices. Consists of vial-within-a-vial. 
Inner vial drops upon activation and 
contents are mixed. No additional tools 
needed at time of use (PATH 
unpublished data, 2007). 

 

NA. Development 
complete; product 
not commercialized 
(PATH unpublished 
data, 2008).  

Lyophilized and 
spray-dried 
vaccines. 

 

Co-development between Creare Incorporated and the 
US Centers for Disease Control and Prevention 
(CDC). 

http://www.creare.com/services/biomedical/aero_vacc.
html  

Device is being evaluated by PATH. 
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Frangible Seal 
Pouch 

(T039) 

PATH 

 

Pouch containing diluent and lyophilized 
powder separated by frangible seal 
(PATH unpublished data, 2008). 

NA. Design and concept 
discussions. 

Could be suitable for 
oral, lyophilized, and 
spray-dried 
vaccines. 

 

Discussions at PATH ongoing.  

 

Act-O-Vial® 

(T040) 

Schott / 
Gerresheimer 

www.schott.com  

Two-component vial. Diluent in upper 
container is released by pressure on 
activator top of vial. Contents are then 
mixed and can be withdrawn by needle 
and syringe (N-S) (not included). 
 

SC, IM 
likely. 

Commercially 
available. 

(Hydrocortisone.) 

Lyophilized and 
spray-dried 
vaccines. 

 

Device is being evaluated by PATH. 

Bioset® 

(T128) 

Baxter 
Healthcare 
Corp. 

www.baxterbiop
harmasolutions.
com 

Vial and seal-based system designed for 
use with 13 mm and 20 mm vial and 
either glass or copolymer prefilled 
diluent syringe. 

Needle-free syringe twists into Bioset 
seal and draws up reconstituted 
suspension. Needle needs to be affixed 
for injection. 

 

SC, IM. Commercially 
available. 

Used for Infanrix 
hexa 
(GlaxoSmithKline). 

http://www.baxterbiopharmasolutions.com/enhanced_ 
packaging/bioset_las.html  

 

Also used for Avonex (interferon beta) (Biogen Idec). 

 

3. Implants 

    

 

3.1 Biodegradable implants 

    

Bioneedle 

(T024) 

Bioneedle Group 
(formerly 
Injectile 
Technologies, 
The 
Netherlands) 

http://www.hight
echcampus.nl  

Hollow mini-implants (bioneedles) 
consisting of thermoplastic starch filled 
with high-potency small-volume drugs 
and vaccines. 

SC, IM. Preclinical research 
with TT.2 Some 
clinical acceptability 
studies with placebo 
formulations have 
been conducted. 

Vaccines currently 
delivered SC/IM 
(assuming solid 
formulation can be 
developed). 

Thermostability is enhanced by incorporating trehalose 
in needles. Immunogenicity of bioneedles was at least 
equivalent to standard formulation, but more 
thermostable.2 

Sustained release may result in reduction of number of 
doses (no evidence for this to date). 

Technology is described in reference 3.3 Will need 
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compressed air device for delivery to humans. 

See van de Wijdeven, G. US Patent 6001385, 
December 14, 1999, Use of Starch for transdermal 
applications. 

 
Sugar-glass 
needles 

(T025) 

Cambridge 
Biostability 
Limited 

www.biostability.
com  

 

Implants consisting of stabilizing sugar-
glass and vaccine. 

SC, IM. Research. May not 
be under active 
development. 

Vaccines currently 
delivered SC/IM 
(assuming solid 
formulation can be 
developed). 

 

See Roser, US Patent 6,586,006, Solid delivery 
systems for controlled release of molecules 
incorporated therein and methods of making same.  

Solid Dose 
Injector  

(T026) 

Glide Pharma 
Limited 

www.glidepharm
a.com  

Solid, biodegradable drug/vaccine 
cassette (polymer or sugar) is loaded 
into disposable cassette, which is 
delivered via a reusable actuator. 

SC, IM. Preclinical and 
clinical (safety 
testing of device 
only). 

Vaccines currently 
delivered SC/IM 
(assuming solid 
formulation can be 
developed). 

 

Formerly Caretek Medical. 

Glide Pharma has up to three commercial agreements, 
but none appear to be for vaccine applications. 

 

Durin™ 

(T027) 

Durect Corp. 

www.durect.com 

Drug-loaded implants consist of a 
mixture of an active and a polymeric 
excipient formed into a fiber, rod, film 
etc. The implant may incorporate a rate-
controlling membrane. Drug release is 
controlled by: drug content, polymer 
composition, device geometry, and 
manufacturing process (PATH 
unpublished data, 2007).  

 

SC, IM. Research/preclinical 
(for non-vaccine 
applications).  

Vaccines currently 
delivered SC/IM 
(assuming solid 
formulation can be 
developed). 

 

http://www.durect.com/wt/durect/page_name/implants 

Sustained release may result in reduction of number of 
doses (no evidence for this to date). 

 

Alzamer 

(T028) 

Alza Corp. 

www.alza.com  

The Alzamer system is a biodegradable 
polymer that forms an implant when it is 
injected. The system isolates the drug 
from water until it is released in the 
body. Alzamer can provide sustained 
delivery of drugs for up to one month 

SC, IM. Not known. Vaccines currently 
delivered SC/IM 
(assuming solid 
formulation can be 
developed). 

 

http://www.alza.com/alza/alzamer 

 

Technology is described in reference 4.4 
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(PATH unpublished data, 2007). 

 
Atrigel 

(T029) 

QLT 

www.qlt.com  

System consists of biodegradable 
polymers dissolved in biocompatible 
carriers. The suspension is injected into 
the SC space through a small gauge 
needle. Water in the tissue fluids causes 
the polymer to precipitate and trap the 
drug in a solid implant that releases the 
drug in a controlled manner.4  

 

SC. Marketed for 
hormone treatment 
of prostate cancer. 

 

Vaccines currently 
delivered SC/IM 
(assuming solid 
formulation can be 
developed). 

 

http://www.qltinc.com/Qltinc/main/mainpages.cfm?Inter
netPageID=232 

Formerly developed by Atrix Labs. 

Can deliver small molecules, peptides, or proteins over 
a period ranging from days to months. May result in 
schedule reduction (no evidence of this to date). 

Can be injected by means of standard needles and 
syringes. 

 
ProLease and 
Medisorb 

(T030) 

Alkermes 
Incorporated 

www.alkermes.c
om  

Extended-release technologies in the 
form of poly(lactide-co-glycolide) [PLG] 
microspheres that act as a depot. The 
microspheres are packaged as dry 
powder and suspended in an aqueous 
diluent at the point of injection.4  

SC, IM. Clinical research 
(non-vaccine 
applications).4 

 

Vaccines currently 
delivered SC/IM 
(assuming PLG 
formulations can be 
developed). 

 

http://www.alkermes.com/products/injected.html 

Claim broad applicability to small molecules, peptides, 
and proteins; however, formulation of vaccines into 
PLG microspheres has been problematic in the past. 

Safety and tolerability of formulations has been 
demonstrated in clinical trials. 

 
 

4. Jet injectors 

    

4.1 Disposable cartridge jet injectors (DCJIs) with prefilled unit 
dose cartridges 

    

Medi-Jector 
VISION® 

(T058) 

Antares Pharma 

www.antarespha
rma.com  

Reusable, variable-dose device. 
Designed to last for a minimum of two 
years. Disposable plastic needle-free 
syringe. Medi-Jector VISION® sold in 
more than 30 countries to deliver either 
insulin or human growth hormone (hGH). 

SC. Commercially 
available (insulin 
and hGH). 

No known vaccine 
applications or 
development. 

Vaccines currently 
delivered SC/IM. 

http://www.antarespharma.com/Products_Medi-
JectorVISION.htm 

Antares may have other DCJIs under development, 
but these are not listed on the company website.5 
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DosePro™ 

(T067) 

Zogenix 
Incorporated 

www.zogenix.co
m  

Spring-powered DCJI. Currently being 
developed as a drug (sumatriptan)-
device combination. 

 

SC. Clinical; late stage 
for sumatriptan 
DosePro.  

Non-disclosure 
agreement 
submitted December 
2007. 

 

Vaccines currently 
delivered SC/IM. 

Formerly Intraject. Developed at Weston Medical 
Group and Aradigm Corporation. 

More than ten years of design, clinical evaluation, and 
development work. Approximately 9,000 injections 
have been delivered in clinical trials (the majority of 
these were saline injections). 

Preclinical work with monoclonal antibodies has been 
conducted, evaluating bioavailability, 
pharmacokinetics, and immunogenicity. 

 
Mother’s Kiss 
Injector 

(T134) 

 

Mother’s Kiss 
Foundation 

http://uk.youtube
.com/user/Mothe
rsKissTV 

Spring-powered DCJI for needle-free 
delivery. Threaded, prefilled cartridge fits 
into injector. Aperture is created when 
sealed end of cartridge is snapped off. 
Internal “needle” seems to control size of 
aperture. 

 

SC. Research and 
development. 

Vaccines currently 
delivered SC/IM. 

Limited information available at time of writing. 

 

4.2 Disposable cartridge jet injectors: end-user filling 

    

Guardian™ 101 
Pulse Injection 
System 

(T059) 

Avant Medical 
Corporation 

www.avantmedi
cal.com  

Single-use cartridge is filled using a vial 
adapter. The injector uses suction to 
form a seal against the skin. High 
penetration power is achieved using a 
proprietary method in which a small 
amount of air is placed in the tip of the 
nozzle, allowing an initial droplet to 
reach a very high speed before 
contacting the skin. The injector 
continues to gently push on the cartridge 
plunger until the injection is completed. 

 

SC. Research and 
design. US$510,000 
clearance for 
marketing first 
device. 

Vaccines currently 
delivered SC/IM. 

http://avantmedical.com/products.htm  

 

Second-generation device will use prefilled cartridges. 

Differs from conventional jet injection in that it is a 
“gentle, slow” injection over several seconds per ml to 
minimize discomfort and splashing.  

Several issued US patents. 
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E-Jet 500 

(T060) 

Eurojet Medical 

www.ejm.hu 

 

Manual (spring-operated) DCJI. 
Cartridges can be prefilled or filled off-
device. Cartridges are auto-disabling. 

SC. 

(IM/ID in 
develop-
ment). 

Research/preclinical
/early-stage clinical.  

 

Vaccines currently 
delivered SC/IM.  

Pandemic influenza 
(company website). 

 

Developing a range of injectors for veterinary and 
human use. First veterinary approval was expected in 
2007.  

Technology will be assessed by PATH DCJI project in 
upcoming Brazil user assessment. Technology may 
potentially be included in PATH DCJI project, to 
include vaccine bridging studies (Expanded 
Programme on Immunization [EPI] set–Brazil) as well 
as ID dose reduction studies and operational 
introduction study in Brazil.  

 
Injex® 30 

(T061) 

DBA Injex–
Equidyne 
Systems, 
Incorporated 

www.injex.com 

Spring-operated DCJI. Off-line filling of 
devices using vial adaptor. 

SC. Marketed worldwide 
for insulin. 

Clinical research 
(phase I) for 
measles, mumps, 
and rubella. 

 

Vaccines currently 
delivered SC/IM.  

Compared Injex delivery of measles, mumps, and 
rubella with standard SC injection in 40 adolescents. 
No significant difference in immunogenicity.6 

 

SQ-PEN™ 

(T062) 

The Medical 
House 

www.tmh-
drugdelivery.co
m 

DCJI, spring-powered. Can use prefilled 
cartridges or fill from vial (on device). 

SC. Commercially 
available for insulin. 

 

Vaccines currently 
delivered SC/IM.  

http://www.tmh-drugdelivery.com/PDF/SQ-Pen.pdf 

 

The Medical House also has fully disposable device 
(SU-1) with gas power source. 

http://www.tmh-drugdelivery.com/PDF/SU-1.pdf  

 
Pharmajet 

(T064) 

Pharmajet  

www.pharmajet.
com 

 

Spring-powered DCJI. Cocking device 
serves as storage container. 

Device features polypropylene cartridges 
(much cheaper than polycarbonate). 
Cartridges are auto-disable and require 
end-user filling (hybrid of on/off device 

SC, IM, 
ID. 

Development: 
preclinical and 
clinical studies. 

 

Vaccines currently 
delivered SC/IM.  

 

“A wide range of 

Claim cost of delivery and disposal is competitive with 
auto-destruct and safety needle syringes.  

http://www.pharmajet.com/features.html  

Technology will be assessed by PATH DCJI project in 
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filling process). Device will be 
compatible with prefilled cartridges. 

 

vaccines are 
currently being 
studied.” 

www.pharmajet.com
/science.html  

 

upcoming Brazil user assessment. Technology will be 
included in PATH DCJI project, to include vaccine 
bridging studies (EPI set–Brazil) as well as ID dose 
reduction studies and operational introduction study in 
Brazil. 
 

Shimajet 

(T065) 

Shimadzu 
Corporation 

www.shimadzu.c
om 

DCJI. Manual/spring-powered. On-
device filling. 

 

SC. Unknown, possibly 
commercially 
available for insulin; 
research and 
development for 
vaccines. 

 

Vaccines currently 
delivered SC/IM.  

No information on product website.5 

Preclinical research has been conducted with 
Japanese encephalitis and dengue vaccines (DNA and 
protein). 

Co-immunization of Japanese encephalitis or dengue 
protein vaccines with dengue tetravalent DNA vaccine 
increased immunogenicity of dengue DNA vaccine7. 

 
Lectrajet® 
M3RA 

(T068) 

D’Antonio 
Consultants 
International 
(DCI) 

www.dantonioco
nsultants.com 

Intended for use in routine and high-
workload situations. Manually armed 
needle-free jet injection system that uses 
auto-disabling single shot disposable 
cartridges. The system is quickly and 
easily manually prepared for the next 
injection, which allows for use anywhere 
in the world. 

SC/IM 
(ID in 

develop-
ment). 

Preclinical research 
and early-stage 
clinical research. 

Vaccines currently 
delivered SC/IM.  

Prototype has been used for animal testing 
(http://www.dantonioconsultants.com/prod_ji_human.ht
m#C ). 

DCI is also developing a high-workload jet injector–
Lectrajet®. Off-device filling, battery or manual (pedal) 
charging. 

Company has received CDC small business innovation 
research funding in support of development efforts. 

Technology will be assessed by PATH DCJI project in 
upcoming Brazil user assessment. Technology may be 
included in PATH DCJI project, to include vaccine 
bridging studies (EPI set–Brazil) as well as ID dose 
reduction studies and operational introduction study in 
Brazil. 
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Biojector® 
2000 

(T069) 

Bioject Medical 
Technologies 
Ltd. 

www.bioject.com  

This device is rated to deliver more than 
100,000 injections. Gas (CO2)-powered 
(internal cartridge or external cylinder). 
Cartridges are filled at point of use 
individually (using vial adaptor) and then 
inserted into the injector handpiece. The 
system has been used to deliver millions 
of injections, including vaccines.  

SC, IM, 
ID. 

Commercially 
available. 

Also ongoing 
preclinical and 
clinical research 
(see notes). 

 

Used routinely for 
immunization in 
several US 
Department of 
Health clinics.  

Since 2000, the US 
Navy and Coast 
Guard have used 
the Biojector® 2000 
to administer 
vaccines to recruits 
(PATH unpublished 
data, 2005). 

http://www.bioject.com/biojector2000.html  

 

Bioject also developed: 

• ZetaJet (T070).  
• Coolclik™(http://www.bioject.com/cool_click.html) 

and 
Serojet™(http://www.bioject.com/serojet.html)—
both are spring-powered devices for delivery of 
hGH. 

• Iject (T071). 

 

Research with Biojector® 2000: 

Influenza vaccine (VaxiGrip, Sanofi Pasteur). Phase II
CDC-sponsored study, Dominican Republic. To 
compare ID vs. N-S in infants and toddlers from 6 to 
23 months of age. Trial commenced April 2006 
(company press release, May 2008)—utilizing 
investigational spacer. 

 

WHO has recently completed two inactivated polio 
vaccine ID delivery dose reduction studies in infants 
(Cuba and Oman) with Biojector® 2000 with 
investigational spacer. 
 

Havrix. Phase I/II.  
Compared N-S with Biojector® 2000. A higher 
proportion of persons who received hepatitis A virus 
vaccine via the Biojector® 2000 seroconverted 
compared with a needle injection. Biojector® 2000 had 
greater local reactivity in all categories when compared 
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to the needle method.8 
 

Multiple preclinical studies with DNA vaccines,  
e.g., HIV DNA (see T066).9 

 
ZetaJet 

(T070) 

Bioject Medical 
Technologies 
Limited 

www.bioject.com  

The Vitavax (see notes) is a spring-
powered injector device with a single-
use disposable cartridge capable of 
delivering up to 0.5 ml SC and IM, and 
0.1 ml ID to children and adults. It uses 
multiple disposable cartridges that are 
unique for each of these applications. 
The single-use cartridges are filled on 
site by a health care professional before 
each injection. Except for the power 
source, it is identical to the Biojector® 
2000 in use and performance. 

 

SC, IM, 
ID. 

Research. Vaccines currently 
delivered SC/IM.  

Little or no information is available for ZetaJet; 
therefore, much of the information provided is based 
on Vitavax, which is a similar device. 

Clinical acceptability trial has been completed.10 

Clinical evaluations of SC, ID, and IM injections with 
the Biojector® 2000 and the Vitavax have shown that 
the clinical performance of the two devices is 
essentially equivalent (company website). 

Technology could potentially be assessed by PATH 
DCJI project in upcoming Brazil user assessment. 
Uncertain if technology will be included in PATH DCJI 
project. 

 
Iject® 

(T071) 

Bioject Medical 
Technologies 
Limited 

www.bioject.com  

Small, lightweight, and gas-powered 
DCJI for home or professional use. This 
system has two versions; one is a 
prefilled SUDJI, and the other is a 
reusable injector that accepts prefilled 
medication cartridges. 

 

SC, IM, 
ID. 

Research. Vaccines currently 
delivered SC/IM.  

http://www.bioject.com/iject.html 

http://www.bioject.com/iject.pdf 

 

4.3 Single-use disposable jet injectors (SUDJI) 

    

PenJet® 

(T063) 

PenJet 
Corporation 

Disposable jet injector. Powered by self-
contained compressed inert gas 
(nitrogen; can be kept refrigerated, 
unlike CO2). Shipped prefilled or filled 

SC, IM, 
ID. 

Research and 
development. 

Vaccines currently 
delivered SC/IM.  

In addition to liquid medications and vaccines, 
PenJets® can store, mix, and administer needleless 
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http://www.sass.
net/penjet/index.
html 

prior to delivering a needleless injection.
Dosage size from 0.5 ml to 0.1 ml. 

 Smallpox vaccine 
(company website). 

injections of freeze-dried (lyophilized) drugs. 

The PenJet® for smallpox vaccination uses a 
quadricated™ (four-hole) disposable ampoule for 
simultaneous ID injection.  
 

Claim multiple patents around gas-pressured 
needleless injection technology.  

 
Mini-Ject™ 

(T066) 

Valeritas  

www.valeritas.co
m  

Fully disposable (SUDJI). Proprietary 
propulsion technology (chemical 
combustion).5 

Broad range of delivery volumes (0.1 ml 
to 1.3 ml) and viscosities. 

SC, IM, 
ID. 

Design and 
research. 

Vaccines currently 
delivered SC/IM.  

http://www.valeritas.com/mini-ject.shtml 

Additional proprietary technology allows the Mini-Ject 
to reconstitute lyophilized drugs as part of the injection 
process. 

Preclinical studies compared N-S, Biojector® 2000, 
and Mini-Ject for delivery of HIV DNA vaccine. No 
difference in antibody or cell-mediated immunity 
between the three methods.9 

 
 

4.4 Solid particle jet injectors 

    

PMED (particle 
mediated 
epidermal 
delivery) 

(T126) 

PowderMed 
Limited 

www.powderme
d.com  

Exclusively for DNA vaccines. DNA is 
coated onto gold particles and delivered 
by a disposable, single-use, helium-
powered jet injector. 

ID (epi-
dermal). 

Clinical 
development. 

Vaccines currently 
delivered SC/IM. 

Active programs for 
seasonal and 
pandemic influenza. 

 

PowderMed was acquired by Pfizer in 2006. 
Primary focus of company is therapeutic vaccines for 
chronic disease (human papillomavirus [HPV], 
hepatitis B virus [HBV], and HIV). 

Clinical trial data reviewed in reference 11.11 

Epidermal 
powder 
injection (EPI)  

None 
(originally 
developed by 
PowderJect) 

Vaccines formulated with excipients 
such as mono- and/or disaccharide by 
spray freeze-drying or other methods to 
form particles. Delivered by jet injection 

ID (epi-
dermal). 

Reached phase I 
trials. Not currently 
being developed. 

Vaccines currently 
delivered SC/IM. 

Phase I trials 

Reviewed in reference 12.12 

In a phase I trial, EPI-mediated delivery of a powdered 
trivalent formulation of influenza vaccine was at least 
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(T127) to extra-cellular spaces in epidermis. 
Vaccines were stable at room 
temperature for more than 12 months. 

conducted with HBV 
vaccine and 
influenza. 

as immunogenic as the standard vaccine delivered 
intramuscularly.13 

Intellectual property (IP) assumed to reside with 
PowderMed (now Pfizer) www.powdermed.com.  

 
Particle 
injection 
technology 

(T129) 

Iaculor Injection 
Incorporated 
 

No contact 
details 
No company 
website 

 

Powder formulations of vaccines. 
Delivered by jet injection (compressed 
gas-powered). Single-dose, prefilled, 
disposable device or multi-dose devices 
being developed. 

ID (epi-
dermal). 

Research and 
clinical acceptability.  

Vaccines currently 
delivered SC/IM. 

Preclinical research 
on influenza. 

 

Appears very similar to “old” PowderJect system. 

ISO 13485, 9001 and Canadian Medical Devices 
Conformity Assessment System company certification 
obtained in 2007. 

Stainless steel clinical powder injection device cleared 
in Canada in February 2008. 

Clinical acceptability testing with saline carried out. 
Less pain than N-S. Iaculor contacted International 
AIDS Vaccine Initiative.  

 
Zingo™ 

(T130) 

Anesiva 
Incorporated 

www.anesiva.co
m 

Single-use, needle-free system 
containing 0.5 mg sterile lidocaine 
powder. Compressed gas propulsion. 

ID (epi-
dermal). 

Commercially 
available. 

Vaccines currently 
delivered SC/IM. 

 

http://www.anesiva.com/wt/page/prod_zingo 

Company focus in pain management. No vaccine 
applications being pursued. 

Zingo approved for children 3 to 18 years old. 
 

 

5. Sublingual/buccal delivery 

    

 

5.1 Dissolvable tablets/wafers 

    

Oral wafers 

(T031) 

Lohmann 
Therapie 

Flash-release, melt-away, or sustained-
release wafers. Placed in buccal cavity 
to give systemic or local release in 

Oral, 
sub-

lingual. 

No information; 
assumed to be 
research/design 

Vaccines currently 
delivered by oral 
route and/or 

Predominantly for small-molecule drug delivery.  

Not known if any interest in vaccine delivery or any 
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System (LTS) 

www.ltslohmann
.com  

seconds to hours. phase. vaccines for enteric 
pathogens. 

current vaccine research/applications. 

Three wafer subtypes. 

• Flash-release wafer. 
• Mucoadhesive melt-away wafer. 
• Mucoadhesive sustained-release wafer. 

• Application: tongue, gingiva, teeth, buccal region, 
or upper palate. 

• Absorption: oral cavity (gastric regions). 
• Action: systemic or local. 

 
Oral wafers 

(T032) 

Aridis  

www.Aridisphar
ma.com 

Spray-drying to produce quick-dissolving 
thin films for oral delivery. 

Oral, 
sub-

lingual. 

Preclinical research 
(Rotavax™). 

Vaccines currently 
delivered by oral 
route and/or 
vaccines for enteric 
pathogens. 

Lead vaccine program is rotavirus vaccine (Rotavax; 
4-valent, live attenuated, human-bovine reassortant 
vaccine) formulated into room-temperature stable film 
for buccal delivery. Have collaborated with Johns 
Hopkins University (Hai-Quan Mao) on rotavirus 
vaccine project. 
http://www.jhu.edu/news/home07/may07/rotaviru.html 

 

Partner in PATH rotavirus vaccine program. 

Also have a Shigella vaccine program in preclinical 
research. 

http://www.aridispharma.com/products/  

 
Intra-oral drug 
delivery 
systems (IODS) 

(T034) 

Lavipharm Corp. 

www.lavipharm.
com 

Lavipharm has developed two unique, 
proprietary IODS that provide flexibility, 
comfort, and continuous drug delivery 
over a defined period of time: Quick-
Dis™ and Slow-Dis™ systems. These 
systems are thin films that can be placed 

Oral. Research/design. Vaccines currently 
delivered by oral 
route and/or 
vaccines for enteric 
pathogens. 

No known vaccine applications at present. 

System is claimed to be especially suited for pediatric 
and geriatric patients. 
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in the buccal cavity.  

 

Can also be used for vaginal or rectal delivery. 

http://www.lavipharm.gr/english/research/index.asp  

 
Oral Delivery 
Flash Melt 
System 

(T023) 

Glycologic 
Limited 

www.glycologic.
co.uk 

 

Beta-limit dextrin Oral Flash Melt System 
can be used for buccal melt, nasal, and 
pulmonary formulations to stick to 
mucosal membranes and release drugs. 
It may be formulated in a number of 
forms, including freeze-dried wafers, 
films, and tablets (PATH unpublished 
data, 2008).  

 

Oral. Preclinical research. Vaccines currently 
delivered by oral 
route and/or 
vaccines for enteric 
pathogens. 

The main focus of the technology is flash oral release 
of drugs and nutrients where different rates of 
disintegration can be achieved from ~5 seconds to a 
few minutes.  

No known vaccine applications at present. 

Patent Application in patent cooperation treaty route 
(WO2004014156), so far granted as: NZ537552 
(company website). 

 
Zydis® 

(T131) 

Catalent Pharma 

www.catalent.co
m  

Freeze-dried fast-dissolving oral dosage 
tablet. Dissolves in less than 3 seconds. 
No need for water. Potential to increase 
patient compliance, increase 
bioavailability, and modify absorption. 

Oral. Commercially 
available for 
approximately 20 
small-molecule 
drugs and at least 
one protein (allergy 
“vaccine,” Grazax). 

 

Vaccines currently 
delivered by oral 
route and/or 
vaccines for enteric 
pathogens. 

 

Limited use with vaccines to date. 

Grazax can be stored at ambient temperature in Zydis 
formulation. 

 

 

5.2 Buccal/oral sprays 

    

RapidMist™ 

(T033) 

Generex 
Biotechnology 
Corp. 

www.generex.co
m  

Proprietary formulation (micellar 
formulation of active substance and 
surfactants) and device. Self-
administered spray to the mouth. 
Absorption occurs in the buccal cavity, 
through the inner cheek walls. 
The device resembles a typical metered-
dose inhaler, but targets the mouth and 
not lungs. 

Oral. Oral insulin (Oral-
lyn™): phase III 
trials in United 
States; commercially 
available in Ecuador 
and India. 

No known vaccine 
applications. 

Vaccines currently 
delivered by oral 
route and/or 
vaccines for enteric 
pathogens. 

http://www.generex.com/formulation.php?id=formulatio
n 

Generex owns Antigen Express, working on cancer 
and infectious disease (influenza) vaccines. 

May not be suitable for infants due to self-
administration. 
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5.3 Oral patches 

    

Thin film 
composites 
(TFC) 

(T035) 

NanoMed 
Pharmaceuticals 

http://www.nano
medpharm.com  

Bi-layer film having both a pH-sensitive 
mucoadhesive layer to promote strong 
adherence to the skin and mucosal 
surfaces, as well as a specially bonded 
wax layer intended to extend the 
adherence of the film to tissues for a 
prolonged period of time. 

 

Oral. Preclinical research. Vaccines currently 
delivered by oral 
route and/or 
vaccines for enteric 
pathogens. 

http://www.nanomedpharm.com/Thin-
FilmComposites.php 

Delivery of DNA vaccine via TFC (rabbits) showed 
enhanced humoral and proliferative immune 
responses compared to SC injection of adjuvanted 
protein antigen (β-galactosidase).14 

 
 

6. Microneedles 

    

 

6.1 Hollow microneedles 

    

Disposable 
mini-needle 
vaccine-
delivery device 

(T010) 

Antares Pharma 

www.antarespha
rma.com 

Disposable (single-use), prefilled, mini-
needle injection system; low-energy, 
spring-based power source with a small, 
hidden needle (based on Vibex™ 
disposable mini-needle injector).  

 

ID. Design, preclinical. Currently injected 
vaccines. 

Also called: vaccine intradermal injectors. 
http://media.corporate-
ir.net/media_files/irol/10/109020/reports/2006_10K.pdf 

Patient preference and bioavailability tests with a 
variety of injectable drugs completed. 

Vibex is a disposable, single-use, hidden-needle 
system for SC delivery. Mini-needle device is similar 
but designed for ID delivery. 

 
Nanoject 

(T011) 

Debiotech 

www.debiotech.
com  

Microneedle array that can be combined 
with syringe or patch. The microneedles 
have side holes to prevent coring during 
skin penetration. Typical array has 25 
microneedles with total fluid resistance 
equivalent to existing gauge 24 needle.  

 

ID. Design/research. Currently injected 
vaccines. 

Will be evaluated for ID delivery of rabies vaccine as 
part of PATH Health Innovations Portfolio project and 
compared to DCJI and SID Technologies’ needle 
adaptor. 

No other vaccine research known. 
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MicronJet (and 
MicroPyramids) 

(T012) 

Nanopass 
Technologies 
Limited 

www.nanopass.
com  

Microneedle array (MicroPyramids), 
comprised of silicon that can be used 
with N-S (combined design called 
MicronJet). 

Microneedles are manufactured by 
MEMS (Micro Electro Mechanical 
Systems) technology and are made of 
pure silicone crystals.  

 

ID. Clinical and 
preclinical (PATH 
unpublished data, 
2007).  

Currently injected 
vaccines. 

Compatible with existing 1 ml syringes. 

Fill on site may be possible. 

Self-applied. 

Purely mechanical; therefore, low unit price. 

Agreement signed with GlaxoSmithKline covering 
micropyramid technology (2003) (PATH unpublished 
data, 2004). 

 

Technology may be considered for microneedle 
feasibility research. 

 
Microneedles 

(T013) 

Norwood Abbey/ 
Massachusetts 
Institute of 
Technology 

Microneedle arrays consisting of 
miniaturized narrow-bore needles and 
pumping mechanisms for controlled 
(time and depth) delivery of drugs 
through the skin.  

Non-disposable, reusable applicator with 
non-disposable, reusable delivery 
module and disposable microneedle 
drug capsule. 

ID. Design/research. Currently injected 
vaccines. 

“A primary focus of 
the company is the 
delivery of vaccines, 
especially in the 
area of influenza 
and mass 
vaccinations” 
(company website). 

 

License agreement with Massachusetts Institute of 
Technology, 2006. The field of work includes the 
needle-free drug delivery system and the microneedle 
drug delivery system. 

Research and development being done at 
BioInstrumentation Laboratory at Massachusetts 
Institute of Technology (Professor Ian Hunter).  
Early preclinical data with hepatitis B vaccine in mice. 
http://www.norwoodabbey.com/data/uploads/2007-04-
17%20-%20Needlefree%20Vaccine%20Results.pdf  

Micro Injection 
System 
(Soluvia™) 

(T019) 

Becton 
Dickinson 

www.bd.com  

The BD Micro Injection System features 
a 30 gauge microneedle specifically 
designed for perpendicular insertion into 
skin. The microneedle is pre-attached to 
a delivery system that limits the depth of 
insertion of the microneedle to 1.5 mm 
from the skin’s surface. The needle is 
attached to a glass syringe prefilled with 

ID. Clinical (first vaccine 
approval applied for 
February 2008). 

Currently injected 
vaccines. 

Influenza; first 
commercial 
application. 

BD licensed the Micro Injection System to Sanofi 
Pasteur in 2005. Sanofi filed an application for use with 
influenza vaccine in February 2008 following trials in 
more than 7,000 subjects. ID delivery was shown to be 
especially effective in enhancing immune response in 
the elderly. 
http://www.bd.com/contentmanager/b_article.asp?Item
_ID=23419&ContentType_ID=1&BusinessCode=2000
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the vaccine dose and a needle shielding 
system that covers the needle after 
injection. 

 1&d=Clinician&s=press&dTitle=Press&dc=&dcTitle  

 

Clinical evaluation of the device for ID delivery has 
been described.15 

 

Preclinical studies with anthrax: Better seroconversion 
after single dose compared to IM, IN, topical, and 
epidermal.16 

May also be referred to as Micromedica device. 

 
Micro-Trans™ 

(T021) 

Valeritas  

www.valeritas.co
m  

Multiple small, hollow, or solid needles 
fabricated on a single surface. 
Microneedles can be constructed of 
metal or biodegradable polymers. 
Valeritas’ proprietary manufacturing 
processes ensure that these arrays can 
be fabricated at very low cost. 

 

ID. Design/research. Currently injected 
vaccines. 

 

Valeritas is the parent company of Biovalve. 

The technology is licensed from Georgia Tech. 

 

6.2 Solid microneedles 

    

MicroCor™ 

(T006) 

Corium 
International 
Incorporated 

www.coriumgrou
p.com/ 

Integrated transdermal patch. MicroCor 
with array of microstructures that 
mechanically creates “micro-pores” in 
skin. The array is integrated into custom 
designed delivery systems for painless 
administration of small and large 
molecular weight molecules. 

 

ID. Design/research 
(PATH unpublished 
data, 2007). 

Currently injected 
vaccines (assuming 
appropriate 
formulation can be 
developed). 

 

See reference 12.17  

 

Mechanical–no power source needed. 

 

Believed to be working on “a number of vaccine 
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candidates” (not identified) (PATH unpublished data, 
2007). 

 
Onvax™ 

(T020) 

Becton 
Dickinson 

www.bd.com 

Microarray system (solid microneedles) 
disrupts the epithelium for drug delivery, 
could be used as skin abrader prior to 
patch application. Designed for wipe-
and-go self-application. 

 

ID. Preclinical research.  Currently injected 
vaccines (assuming 
formulation can be 
developed). 

 

Preclinical studies with anthrax suggest 
immunogenicity was equivalent to IM injection, but less 
good that ID microinjector (T019).16 
 

 

6.3 Vaccine-coated microneedles 

    

Macroflux® 

(T001) 

Zosano Pharma  

(formerly 
Macroflux) 

www.macroflux.
com  

Macroflux® is an array of titanium 
microprojections coated with vaccine 
that adheres to a flexible polymeric 
adhesive backing, plus reusable patch-
application system. 

 

ID. Preclinical and 
clinical research 
(PATH unpublished 
data, 2007). 

Currently injected 
vaccines (assuming 
appropriate 
formulation can be 
developed). 

 

Efficient delivery of ovalbumin to guinea pigs.18 
 

Phase I completed with “commercial IM vaccine.” 5 to 
15 minutes of wearing gave comparable titer and 
seroprotection rate as IM dose. Vaccine stable at 
room-temperature for 1 year. 
http://www.macroflux.com/b1a.htm 
 

Well-advanced compared to competitors with strong IP 
position. Zosano is the only company with issued 
patents around coated microneedles (PATH 
unpublished data, 2007).  

 
Micro-
structured 
Transdermal 
System (MTS) 

(T002) 

3M 

www.3m.com  

MTS is an injection-moulded 
microneedle array. Microstructures are 
250–400 µm tall, with up to 1,200 
microstructures per square centimeter. 
Microstructure tips are approximately 5 
µm diameter and truncated to improve 
durability.  

The structures can be either solid 

ID. Design/research 
(PATH unpublished 
data, 2007). 

Currently injected 
vaccines (assuming 
appropriate 
formulation can be 
developed). 

 

Some preclinical work has been conducted with 
tetanus toxoid (data not available). 

 

http://solutions.3m.com/wps/portal/3M/en_WW/DDS/Dr
ugDeliverySystems/techsolutions/transdermaltech/syst
ems/  
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(serving as a pretreatment prior to patch 
application), solid with drug coated 
directly on the outside of the needles, or 
hollow for fluidic transport. 

 
PyraDerm 

(T004) 

Apogee 
Technology 

www.apogeeme
ms.com  

ID drug-delivery system: array of silicon 
micropyramids covered in a proprietary 
coating containing therapeutic 
compounds in an easy-to-use patch 
applicator (PATH unpublished data, 
2007). 

Based on proprietary MEMS and 
nanotechnology. Suitable for self-
administration. 

 

ID. Preclinical research. Currently injected 
vaccines (assuming 
appropriate 
formulation can be 
developed). 

 

Collaborations with Vaccine and Infectious Disease 
Organization (Canada) and Saint Jude Children's 
Research Hospital–influenza. 

Silicon 
microneedles 

(T005) 

Cardiff 
University, 
Wales. 

(James Birchall) 

 

Silicon microneedles for delivery of 
genes/DNA vaccines to dermal tissue. 
Uses reactive ion-etching techniques to 
create a plate of tiny microneedles 
(PATH unpublished data, 2007).  

ID. Design/research 
(PATH unpublished 
data, 2007). 

DNA vaccines. http://www.cardiff.ac.uk/phrmy/contactsandpeople/fullti
meacademicstaff/birchall-jamesnew-
overview_new.html  

Primarily focussed on DNA vaccine delivery. 

Ex-vivo human skin studies show pDNA hydrogels can 
be targeted to the viable epidermis to potentially 
provide sustained gene expression. 

 
Functional 
MicroArray™  

(T008) 

Nanomed 
Devices, 
Incorporated 

www.nanomed-
devices.com/  

Disposable drug patch that contains 
therapeutic agents or vaccines. Once 
the device is applied to skin, it creates 
nanoscale channels through which a 
variety of drugs or vaccines released 
from drug patch can be delivered for an 
extended period of time. 

 

ID. Preclinical and 
clinical research 
(non-vaccine 
applications). 

Currently injected 
vaccines (assuming 
appropriate 
formulation can be 
developed). 

 

Nanomed owns or has worldwide exclusive licensing 
rights on one issued and nine pending patent 
applications in the United States, China, and the rest 
of the world.  
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Nanopatch 

(T009) 

University of 
Queensland 

(Mark Kendall) 

Patch with thousands of tiny projections 
dry-coated in biomolecules (DNA). When 
the patch is placed against the skin, 
projections push through the outer skin 
layer and deliver the biomolecules. 

 

ID. Research. DNA vaccines. www.aibn.uq.edu.au/index.html?page=44481  

Involved in International Needle-free Vaccination 
Alliance (INVax) with Seattle Biomedical Research 
Institute, PATH, and WHO.  

Working with PATH on DNA vaccine delivery. 

Working on HPV DNA vaccines (with Ian Frazer). 
www.di.uq.edu.au/pdfs/annualReports/AR_2007.pdf  

  
 

6.4 Dissolvable/biodegradable microneedles 

    

Sugar 
microneedles 

(T014) 

Texmac 

www.texmac.co
m  

Microneedles comprised of sugar in row 
configuration (not array) (PATH 
unpublished data, 2007).  

ID. Research and 
design. 

Currently injected 
vaccines (assuming 
formulation can be 
developed). 

 

No information on company website. Texmac owned 
by Japanese parent company. 

VaxMAT 

(T015) 

Theraject 
Incorporated 

www.theraject.c
om 

Transdermal patch with an array of 
microneedles formulated to contain drug 
or vaccine (TheraJectMAT and 
VaxMAT). Generally recognized as safe 
materials (such as cellulose) are used in 
the formulation of the microneedles, 
which are approximately 0.5 mm in 
length. An applicator device has been 
prototyped and is under development. 

 

ID. Research and 
design. 

Currently injected 
vaccines (assuming 
formulation can be 
developed). 

 

Solid, coated microneedle array also available. 

Company website states, “effective vaccine delivery.” 
No data available. 

 

 

Biodegradable 
polymer 
microneedles 

(T022) 

Georgia Institute 
of Technology 
(Mark Prausnitz) 

www.chbe.gatec
h.edu/fac_staff/f
aculty/prausnitz.

Microneedle arrays formulated from 
biocompatible carboxymethylcellulose or 
amylopectin formulations. 

Research on biophysical methods of 
drug delivery using microneedles, 
ultrasound, and other approaches (solid, 

ID. Research/design. Currently injected 
vaccines (assuming 
formulation can be 
developed). 

 

Long pedigree in research into microneedles and ID 
delivery. Review of biodegradable microneedles (see 
reference 19).19 
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php  

 

hollow, dissolvable, etc.). 

 

7. Inhalation/pulmonary delivery 

    

 

7.1 Liquid inhalation 

    

AeroCell™ 

(T083) 

Aerovectrx 
Corporation 

www.aerovectrx.
com  

The AeroCell disposable drug cartridge 
consists of a unique prefilled dosage-
controlling medical cartridge that 
employs an innovative and proprietary 
nebulizer vibrating mesh technology 
delivery system.  

 

Inhaled, 
IPulm. 

Research. 

US$510,000 
clearance to market 
for general nebulizer 
use. 

Vaccines benefiting 
from mucosal 
immune response. 

Influenza is lead target. 

The technology was developed by the CDC and 
Creare Incorporated and licensed exclusively to 
AerovectRx. 

No specific 
product name 

(T085) 

3M 

www.3m.com  

3M’s Drug Delivery System is a global 
leader in inhalation drug delivery with 
more than 60 million metered-dose 
inhalers (MDIs) produced each year. 

3M in-house resources are available to 
support each step of development from 
early stages through post-approval. 

 

Inhaled, 
IPulm. 

Commercially 
available; multiple 
drug applications. 

Vaccines benefiting 
from mucosal 
immune response. 

http://solutions.3m.com/wps/portal/3M/en_ 
WW/DDS/DrugDeliverySystems/techsolutions/inhalatio
ntech/ 

Expertise in: 

• Particle engineering for inhalation. 
• Molecules delivered by inhalation. 
• Novel MDI systems . 

 
Aeroneb® 
(various) and 
AeroDose® 

(T086) 

Aerogen Limited 

www.aerogen.co
m 

Range of devices based on patented 
OnQ™ Aerosol Generator. OnQ 
micropump produces a fine liquid mist of 
precisely defined particle sizes tailored 
for respiratory therapy. 

The range includes AeroDose®, a small, 
silent, breath-activated, battery-powered 
inhaler. Uses vibrating mesh technology. 

Inhaled, 
IPulm. 

Commercially 
available. 

Vaccines benefiting 
from mucosal 
immune response. 

http://www.aerogen.com/products.html  

 

Portable devices (e.g., Aeroneb go) need AC power 
supply or battery pack, i.e., active (externally powered) 
devices. 

http://www.aerogen.com/aeroneb-go-micropump-
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 nebulizer-system.html  

 

AeroDose not on company website, but described in 
reference 20.20 

 
AERx® Drug 
Delivery 
System 

(T087) 

Aradigm 
Corporation 

www.aradigm.co
m  

Range of fine mist aerosol-generation 
systems (capillary wave break-up 
neubulizers) combined with patented 
breath-control technology. Can be 
customized for young children or others 
with small lung volumes. 

AERx Essence™ is a small, palm-size, 
all-mechanical device.  

Inhaled, 
IPulm. 

Preclinical and 
clinical research. 

Vaccines benefiting 
from mucosal 
immune response. 

Advantages: 

• Improvement over MDI and nebulizer.21 
• Concept proven with many drugs.21 
• No control problems for patient.21 
• Low shear forces.21 
• Short administration time (1–2 breaths). 

Disadvantages (more applicable to first-generation):21 

• Complex, expensive device. 
• Dependent on electronics. 
• High pressure on liquid. 

 

Phase III trial for inhaled insulin delivery (with Novo 
Nordisk) terminated. http://phx.corporate-
ir.net/phoenix.zhtml?c=79928&p=irol-
newsArticle&ID=1137050&highlight 

 
Nektar 
Pulmonary 
Drug Delivery 
System (PDDS) 

(T090) 

Nektar 

www.nektar.com  

Proprietary micropump technology. 
Aerosol generator consists of a dome-
shaped aperture plate with more 
than1,000 tapered holes. Vibration 
causes each aperture to act as a 
micropump, drawing liquid through the 
holes to form consistently sized droplets 

Inhaled, 
IPulm. 

Not known. Vaccines benefiting 
from mucosal 
immune response. 

http://www.nektar.com/wt/page/liquid_technology  

 

PDDS is designed to deliver reproducible and 
consistent doses across a wide range of ventilator 
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in a low-velocity liquid aerosol.  

 

settings for any patient population, including neonates. 

 
MicroAir NE-
U22 

(T097) 

Omron 
Healthcare 
Limited 

www.omron-
healthcare.com 

Portable, pocket-size inhaler. Simple to 
operate. Works for approximately eight 
days (30 minutes each day) on just two 
pen-light batteries (AA size). Mesh 
technology.  

Particle size 3.4–6.0 µm. 7.0 ml 
chamber capacity. 

 

Inhaled, 
IPulm. 

Commercially 
available. 

Vaccines benefiting 
from mucosal 
immune response. 

http://www.mortonmedical.co.uk/Omron_MicroAIR_U2
2_nebuliser.htm  

 

http://www.omron-
healthcare.com/images/downloads/EU/251-
300/fil_254.pdf?_ver1_i2_fied3 

Various 

(T098) 

Creare 
Incorporated 

www.creare.com 

Novel aerosol devices for the delivery of 
vaccines via the respiratory tract, 
including high-workload nebulizers for 
mass vaccination campaigns in 
developing countries as well as devices 
for individual or routine office use. 

Creare’s technology centers on the use 
of a disposable aerosolizing element, a 
unique cartridge that contains all of the 
wetted components of the aerosol 
generator in a low-cost disposable 
cartridge (can also be supplied prefilled 
with vaccine). 

Inhaled, 
IPulm. 

Preclinical research 
and development. 

Vaccines benefiting 
from mucosal 
immune response. 

Influenza and 
measles. 

http://www.creare.com/services/biomedical/aero_vacc.
html  

Creare recently initiated development of an IN aerosol 
device for live attenuated influenza vaccine with CDC. 

 

For mass campaigns, Creare developed a prototype 
high-workload nebulizer that features long battery life, 
efficient vaccine usage, and low-cost disposable 
patient interfaces. Device is likely to: 

• Be portable.22 
• Have rechargeable batteries.22 
• Cost US$200–300.22 
• Deliver up to 100 doses per hour.22 
• Be more suitable for campaign use.22 

 
Pari LC® star 

(T100) 

PARI 
Respiratory 
Equipment 

www.pari.com  

The PARI LC® Star was designed for 
treating the deepest part of the lungs or 
for those patients with smaller airways 
due to age or disease state.  

Inhaled, 
IPulm. 

Preclinical research. Vaccines benefiting 
from mucosal 
immune response. 

Measles. 

Several other nebulizers and compressors also being 
developed. 

http://www.pari.com/pdd/pdfs/LC_NEBS_BROCHURE.
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 pdf  

 

Device possibly being evaluated as part of WHO 
measles aerosol project.23 

 
Classic 
Mexican Device  

(T108) 

Not known General use (non-medical) compressor 
that delivers air to a jet nebulizer (IPI™) 
that holds the vaccine in crushed ice. 
Vaccine is delivered through a 
disposable paper cone held close to 
recipient’s face over a period of 
approximately 30 seconds.5 

 

Inhaled, 
IPulm. 

Clinical trials and 
campaign use. 

Measles. Typical dose is 0.15ml. Mean particle size is 4.3µm.5 

Has been used to vaccinate more than 3 million 
Mexican children.5 

Aeroeclipse II 

(T125) 

Trudell Medical 
International 

www.trudellmed.
com 

A breath-activated nebulizer that 
produces an aerosol only when the 
patient breathes in. 

Inhaled, 
IPulm. 

Commercially 
available. 

Measles. WHO has identified Trudell as having nebulization 
device similar to Classic Mexican Device. 

 

http://www.trudellmed.com/Consumers/cn_aeroeclipse
_ban.asp  

 
 

7.2 Powder inhalation 

    

CAN-BD 

(T082) 

Aktiv-Dry  

www.aktiv-
dry.com 

Carbon dioxide-assisted nebulization 
with a bubble dryer. CAN-BD is Aktiv-
Dry’s process for producing 
thermostable powder formulations, e.g., 
of measles vaccine.  

As part of the Bill & Melinda Gates 
Foundation Grand Challenges in Global 
Health Program, Aktive-Dry will also 

Inhaled, 
IPulm. 

Research. Vaccines benefiting 
from mucosal 
immune response. 

Primary technology is live-virus vaccine stabilization. 
Stabilized measles virus formulations have been 
reported.24 

 

Aktiv-Dry has a Grand Challenges in Global Health 
grant to develop needle-free measles vaccine. 
Program also involves device development. 
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develop (in collaboration with BD) “an 
inexpensive, single-dose dispenser that 
delivers the vaccine to the respiratory 
tract.”  

 

Collaborators include the University of Colorado, 
National Jewish Medical and Research Center, the 
Serum Institute of India, BD Technologies, Johns 
Hopkins University, University of Kansas, University of 
Maryland, CDC, Centre International de Toxicologie 
(CIT) of France, and ZymoGenetics. 

 
Air® 

(T084) 

Alkermes 
Incorporated 

www.alkermes.c
om 

The AIR® pulmonary drug delivery 
technology is a proprietary delivery 
system using a pen-sized passive 
inhaler device. 

The system claims to provide efficient 
dry-powder delivery of small-molecule, 
peptide, protein, and other 
macromolecule drug particles to the 
deep lung, with advantages over other 
delivery methods. 

 

Inhaled, 
IPulm. 

Clinical trials (drug 
delivery, e.g., 
insulin). 

Vaccines benefiting 
from mucosal 
immune response. 

Technology was originally developed by David 
Edwards (Massachusetts Institute of Technology) and 
was the basis of AIR, his spin-out company, which was 
acquired by Alkermes. 

Device delivers large porous particles with improved 
processing and deagglomoration properties; however, 
technology is expensive, and in some cases, uses 
non-approved excipients.21  

March 2008, inhaled insulin program with Eli Lilly 
(using Air® device) terminated (was in phase III trials). 
(http://investor.alkermes.com/phoenix.zhtml?c=92211
&p=irol-newsArticle&ID=1116613&highlight=air)  

 
Taifun® 
inhalation 
technology 

(T088) 

Akela Pharma 
Incorporated 

www.labinc.ca 

Multi-dose dry powder inhaler (DPI). The 
device combines an integrated and 
patented desegregation system (vortex-
chamber) and a unique humidity control 
system (desiccant capsule inside the 
drug reservoir), resulting in highly 
efficient fluid dynamics. 

 

Inhaled, 
IPulm. 

Approved in ten 
European countries 
for Salbutomol. 

Vaccines benefiting 
from mucosal 
immune response. 

http://www.labinc.ca/technologies.html 

 

Mechanically robust, simple, all-mechanical device, 
with low manufacturing cost. 

Pulmonary/dry 
powder 
inhalers 

(T089) 

Nektar 

www.nektar.com  

Nektar Pulmonary Inhaler disperses fine, 
dry, respirable powders from foil blisters 
in unit dose format. Delivery is 
independent of patient inspiratory flow 
rate, therefore suitable option for 
pediatric indications. Designed for long-

Inhaled, 
IPulm. 

Research, possible 
clinical stage for 
inhaled amphotericin 
B. 

Vaccines benefiting 
from mucosal 
immune response. 

Devices used in combination with thermostable, spray-
dried, sugar-glass powders: 
www.nektar.com/wt/page/dry_powder_technology. 
Proprietary technology acquired from Inhale 
Therapeutics. 
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term use. 

Nektar Dry Powder Inhaler:  

Palm-sized, easy to use, and 
disposable. Dosing from standard 
capsules.  

Suitable for large or small molecules, 2–
50 mg payload.  

 

 

Inhaled insulin (Exubera) withdrawn from market due 
to poor sales and concerns of increased cancer in 
former smokers (company press release, April 2008). 

MicroDose Dry 
Powder Inhaler 

(T091) 

MicroDose 
Technologies 
Incorporated 

www.microdose-
tech.com 

Hand-held, low-cost, breath-activated 
device that utilizes piezo electronics to 
deliver a broad range of compounds. 
Dose delivery is inhalation flow rate 
independent. 

 

Inhaled, 
IPulm. 

Research. Vaccines benefiting 
from mucosal 
immune response. 

 

Dry powder 
inhalers 

(T092) 

Oriel 
Therapeutics 
Incorporated 

www.orieltherap
eutics.com 

Range of DPIs targeting both multi-dose 
and unit dose delivery applications. 
Based on vibration energy delivery. 

 

Inhaled, 
IPulm. 

Research. Vaccines benefiting 
from mucosal 
immune response. 

The inhaler, in its simplest form, is a flowpath of air 
and a source of vibration (piezo generated) in which 
characteristic frequencies are determined and 
generated. Therefore, the design of the inhaler can be 
very simple and also potentially could be incorporated 
into numerous physical geometries or industrial 
designs.25 

 
Acu-Breathe™ 
Dry Powder 
Inhalers 

(T093) 

 

Respirics 
Incorporated 

www.respirics.co
m 

Simple, mechanical operation. Patented 
inspiratory pressure triggering (i-Point™) 
prevents dose-release until user 
achieves a predetermined inspiratory 
flow rate, leading to more consistent and 
reproducible drug delivery. Flow rate 
trigger-point can be adjusted to target 
upper or lower respiratory tracts. 

Inhaled, 
IPulm. 

Clinical research 
(not vaccines). 

Vaccines benefiting 
from mucosal 
immune response. 

Current versions of the device appear to be multi-dose 
only (15-, 30-, and 60-dose). 
http://www.respirics.com/research/acu-breathe.html  

Single-dose designs are available. 

Straightforward manufacturing process 

May not be suitable for infants. 
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Various 
devices 

(T094) 

Vectura Group 
Public Limited 
Company 

www.innovata.c
o.uk 

Several passive and active DPIs, 
including: 

GyroHaler® and OmniHaler®: pre-
metered multi-dose, “passive” DPI. 

Clickhaler®: a multi-dose, reservoir DPI, 
marketed to treat asthma and chronic 
obstructive pulmonary disease in Europe 
and in Japan.  

Aspirair®: high-performance DPI. 
Economical compared to other “active” 
inhalers. It is a multiple-use device using 
individual blisters. 

S2™ unit dose device: single-dose DPI, 
designed to be easy to use and 
inexpensive to manufacture. 

 

Inhaled, 
IPulm. 

Various. Vaccines benefiting 
from mucosal 
immune response. 

Aspirair® and staff were acquired from Cambridge 
Consultants Limited. 

 

Vectura also has patented formulations technologies. 
http://www.innovata.co.uk/vec/products/proprietary/dev
ices/ 

Dry powder 
inhalers 

(T095) 

Bespak 

www.bespak.co
m  

No specific product. Bespak works with 
clients to develop, design, and 
manufacture devices for inhalation or IN 
delivery, including DPIs and metered-
dose inhalers (Bespak is the world’s 
leading producer of inhaler valves by 
value). 

 

Inhaled, 
IPulm. 

Design/research. Vaccines benefiting 
from mucosal 
immune response. 

http://www.bespak.com/ddel_dms_prod_man.asp 

 

Novolizer 

(T096) 

Meda AB 

www.meda.se 

Refillable, multi-dose, breath-actuated 
DPI. The device has multiple feedback 
mechanisms (visual, acoustic, and taste) 
to indicate that inhalation was correct 
and complete.26 

Inhaled, 
IPulm. 

Commercially 
available (treatment 
of asthma and 
chronic obstructive 
pulmonary disease). 

Vaccines benefiting 
from mucosal 
immune response. 

Originally developed by Viatris 
(http://www.viatris.com/index.html). Acquired by Meda 
in 2005. 

Review of device in reference 26.26 

May be possible to produce/adapt to a simple/cheap 
(and/or disposable) device.21 
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Spiros® inhaler 

(T099) 

Elan 

www.elan.com 

Device uses a high-speed rotating 
impeller for powder dispersion. Dose 
received is independent of the ability to 
inhale vigorously. The fact that the 
inhaler is breath-actuated eliminates the 
need for patient coordination. There are 
no propellants.  

 

Inhaled, 
IPulm. 

Preclinical research 
(may have 
discontinued). 

Vaccines benefiting 
from mucosal 
immune response. 

Measles. 

Technology was developed by Dura Pharmaceuticals, 
San Diego. Acquired by Elan in 2000. 

Review of technology and potential applicability for 
measles vaccination.27 

The challenge in adapting the technology for younger 
children is to develop a practical way to link the child's 
inspiratory action to the DPI and vaccine delivery. 

 
Newborn 
Inhaler Device 
(T106) 

Harvard 
University 
(David 
Edwards)/ 
University of 
North Carolina 
(Anthony 
Hickey) 

Low-cost, active spinning capsule-based 
DPI for infant vaccine delivery. The 
inhaler device incorporates a small air 
bulb-type pump, which, when squeezed 
by the caregiver, provides sufficient air 
flow to aerosolize the powdered vaccine 
resident in the capsule and deliver it to 
the infant. The device also contains an 
integral capsule-puncturing mechanism 
and one-way flow control valves. 

 

Inhaled, 
IPulm. 

Design and 
preclinical research. 

BCG and other 
vaccines benefiting 
from mucosal 
immune response. 

 

Designed for use with dry-powder bacterial 
“micronanoparticle” aerosols.28 Inhaled spray-dried 
BCG “nanomicroparticles” gave better protection in 
mouse model than parenteral vaccine.28 

Information provided as online appendix. 

http://www.ncbi.nlm.nih.gov/pubmed/18344320?ordinal
pos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubme
d_ResultsPanel.Pubmed_RVDocSum  

 

Design also involved Manta Product Development. 
www.mantadesign.com 

 
 

8. Intranasal delivery 

    

 

8.1 Nasal spray (powder) 

    

GelVac (Gel 
Site) 

DelSite 
Biotechnologies 

GelVac powder formulations (natural, 
acidic polysaccharide) administered to 
the nasal cavity form, upon contact with 

IN. Preclinical research 
(PATH unpublished 
data, 2008).  

Influenza (H5N1) 

Claim suitability for 

Technology is based on a formulation for IN delivery, 
not a delivery device. 
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(T048) Incorporated 

www.delsite.com 

nasal fluids, a mucoadhesive gel, 
entrapping the vaccine antigen(s). 

inactivated antigens, 
live attenuated 
viruses, live vectors, 
and DNA vaccines. 

 

Influenza: Phase I trials scheduled for H2 2008. 

Phase I trials of device plus (placebo) powder have 
been completed. 

Preclinical studies (mice) with influenza have been 
reported: 
http://www.delsite.com/Images/2007_06_17%20Option
s%20Poster%20(Final).pdf  

 
Mono-powder 

(T050) 

Valois 

www.valois.com  

The Mono-powder is a single-dose, 
disposable device designed for the 
dispensing of powder preparations 
intranasally (can also have refillable 
version). Delivers dose from 20 to 50 
mg. Active device (no need to inhale, 
patient-independent performance). 

 

IN. Commercially 
available. 

No known vaccine 
applications. 

Vaccines benefiting 
from mucosal 
immune response. 

http://www.valois.com/html/pharmacie/catalogue/fiche.
asp?produit_id=41 

Used to evaluate IN delivery of CRM197+ mannitol vs. 
CRM197 + mannitol + chitosan.29 

 

Swordfish V 

(T054) 

Mystic 
Pharmaceuticals 

www.mysticphar
maceuticals.com  

 

Single-dose, disposable device designed 
to be manufactured and filled at highly 
competitive cost. Incorporates a 
proprietary micropump, VelocityJet™, 
which controls the critical factors of 
spray plume geometry and dosing.  

 

IN. Clinical development 
(assumed) for drug 
delivery. 

Vaccines benefiting 
from mucosal 
immune response.  

 

http://www.mysticpharmaceuticals.com/ProductPipelin
e/IntranasalProductPipeline.htm  

 

Company claims to be “Exploring intranasal vaccines 
for Influenza, Hepatitis, Herpes, Smallpox and 
Anthrax.” 

 
Investigational 
dry powder 
inhaler 

(T107) 

Becton 
Dickinson 

www.bd.com  

Air from a syringe barrel ruptures the 
membranes of a capsule containing 
vaccine and delivers vaccine to the 
nasal tract.5,30 

IN. Research. Vaccines benefiting 
from mucosal 
immune response. 

Delivery of influenza and anthrax vaccines (mice) 
resulted in induction of serum immunoglobulin 
equivalent to IM delivery and induction of 
immunoglobulin type A following IN only (not seen with 
parenteral).31 
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8.2 Nasal spray (liquid) 

    

VP3 Nasal 
Spray Pump 

(T049) 

Valois 

www.valois.com  

The VP3 the most widely used multi-
dose pump in the world for 
pharmaceutical formulations. 

Built-in pre-compression. 

IN. Clinical trials 
(vaccines), 
commercially 
available for IN 
delivery of drugs. 

Vaccines benefiting 
from mucosal 
immune response.  

 

Shigella vaccine. 

Influenza vaccine. 

VP3 used for delivery of IntelliVax’s proteosome 
Shigella vaccine.32 

A Valois metered-dose nasal spray pump was used to 
deliver proteosome influenza vaccine (ID Biomedical) 
in phase I trial.33 
 

Similar VP7, VP6, and Equadel models (all multi-dose) 
also available. 

http://www.valois.com/html/pharmacie/catalogue/fiche.
asp?produit_id=39  

 
Monospray and 
Dolphin 

(T051) 

Valois 

www.valois.com  

Administration of 1 or 2 sprays, dose 
ranging from 50–100 µl. Easy to use. 
Sterilizable. Conventional filling. User-
independent performance. 

 

IN. Commercially 
available. 

No known vaccine 
applications. 

Vaccines benefiting 
from mucosal 
immune response. 

http://www.valois.com/html/pharmacie/nasale/presenta
tionasale.asp  

 

Combidose 
(Mixospray) 

(T052) 

Valois 

www.valois.com  

Device can reconstitute a powder + 
liquid, or liquid + liquid prior to spraying 
2 x 100 µl doses. 

IN. Commercially 
available. 

No known vaccine 
applications. 

 

Vaccines benefiting 
from mucosal 
immune response. 

http://www.valois.com/html/pharmacie/nasale/presenta
tionasale.asp  

 

FreePod 

(T053) 

Valois 

www.valois.com  

Nasal spray device designed for use 
with preservative-free over the counter 
products. 

Sealed system with no air intake (to 
prevent contamination). No 
bacteriocides/preservatives needed due 
to fully mechanical protection.  

IN. Commercially 
available. 

No known vaccine 
applications. 

 

Vaccines benefiting 
from mucosal 
immune response. 

http://www.valois.com/html/pharmacie/catalogue/Freep
od.pdf  
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Intranasal 
delivery device 

(T055) 

Bespak 

www.bespak.co
m 

No specific product. Bespak works with 
clients to develop, design, and 
manufacture devices for inhalation or IN 
delivery.  

 

IN. Research/design. Vaccines benefiting 
from mucosal 
immune response. 

Claim to be global leader in design and manufacture of 
IN and inhalation devices. 

Accuspray™ 

(T056) 

Becton 
Dickinson 

www.bd.com 

Mono-dose or bi-dose administration of 
nasal spray. Can be self-administered. 
Can deliver 1 x 0.05 ml up to 2 x 0.25 
ml. The Accuspray is based on the 0.5 
ml BD Hypak SCF™ Syringe and 
conforms to US and European 
Pharmacopeia. 

IN. Commercially 
available. 

FluMist and other 
vaccines benefiting 
from mucosal 
immune response. 

http://www.bd.com/pharmaceuticals/pdfs/accuspray-
brochure.pdf 

Used for delivery of FluMist, live attenuated influenza 
vaccine (MedImmune). 

Also used for phase I trial of HBsAg+HBcAg vaccine 
(NASVAC–Finlay Institute, Cuba).34  

NASVAC now being developed by Bioven. Phase II 
trials planned. (www.bioven.com.my) 

 
OptiMist 

(T057) 

OptiNose AS 

www.optinose.c
om/  

Range of delivery devices for 
administration of topical nasal 
formulations. OptiNose’s breath 
(exhalation)-actuated devices deliver IN 
drugs to targeted regions of the nasal 
cavity, including the sinuses and the 
olfactory region, without lung deposition 
(because connection between nose and 
throat is closed during exhalation). 
Single- and multi-use IN delivery devices 
for liquid and powder formulations are 
available.  

 

IN. Clinical research 
(drug delivery). 

Vaccines benefiting 
from mucosal 
immune response. 

Has been evaluated for delivery of Influenza vaccine ± 
pertussis adjuvant, ± mucoadhesive.35 

Bidirectional nasal spray found to be better than 
normal nasal spray.36,37 

OptiMist resulted in significant increases in virus-
specific IgA in nasal secretions and protective levels of 
virus-specific serum antibodies after 2 doses in more 
than 80% subjects.5 

 

9. Transdermal delivery 

    

 

9.1 Transdermal patches (microneedle-free) 

    

 
Project Optimize – Landscape analysis. July 2008 Page 40 of 49  

http://www.bespak.com/
http://www.bespak.com/
http://www.bd.com/
http://www.bd.com/pharmaceuticals/pdfs/accuspray-brochure.pdf
http://www.bd.com/pharmaceuticals/pdfs/accuspray-brochure.pdf
http://www.bioven.com.my/
http://www.optinose.com/
http://www.optinose.com/


Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 2 
Summary table of vaccine delivery technologies – July 2008  

 

Technology 
(ID) 

 

Development Potential vaccine Developer Description Route Notes and references 

 

status applications 

TCI patches 

(T016) 

Iomai 
Corporation 

www.iomai.com 

Needle-free patches applied to skin 
incorporate vaccine. Also developing 
Immunostimulating (IS) patches that 
contain only heat-labile toxin (LT) of E. 
coli, to act as an adjuvant for vaccines 
delivered by NS. 

ID (TC). Clinical trials. Enterotoxigenic E. 
coli (ETEC) is a lead 
indication. 

 

Influenza vaccine 
also in clinical trials. 

Appear to need to use skin preparation system (mild 
abrasive) device prior to patch application. Patch 
needs to be worn for 5 to 8 hours. 

 

ETEC, LT: Phase II trial in travelers reported 84% 
reduction in severe diarrhea.38 

 

Trivalent influenza: Has been evaluated in phase I; no 
data available. Preclinical data claims to be equivalent 
to standard vaccine and stable through three cycles of 
-25 to 40°C.39 LT is included in the patch. 

Possible preclinical studies with anthrax. 

 

Agreement with Merck for IS patches (indications not 
known). 

 
Non-invasive 
vectored 
vaccines 

(T017) 

Vaxin 
Incorporated 

www.vaxin.com 

Non-replicating adenovirus and bacterial 
vectors that can deliver antigens non-
invasively (to the nasal passages or to 
the skin). Vaccine is applied as liquid to 
skin (after gentle abrasion) and covered 
by Tegoderm dressing. 

 

ID (TC), 
and IN. 

Clinical and 
preclinical 
development. 

Influenza and 
anthrax vaccines are 
being studied. 

Influenza (Adenovirus vector), phase I: compared 
epicutaneous with nasal (drops) delivery. IN route 
more immunogenic than epicutaneous. Not compared 
with standard vaccination.40 

Anthrax (IN and TC, bacterial vectors) preclinical.41 

TransD™ 

(T101) 

Apollo Life 
Sciences 

www.apollolifesc
iences.com  

Apollo’s non-invasive transdermal 
carrier, TransD, utilizes the ability of a 
proprietary formulation to deliver a 
protein-laden water layer across the skin 
and into the surrounding dermal and 

ID (TC). Preclinical research Influenza and 
tetanus toxoid are 
being studied. 

http://www.apollolifesciences.com/TransdermalDeliver
y.aspx  

Proof of concept for TransD has been demonstrated 
with water-soluble molecules ranging up to antibody 

 
Project Optimize – Landscape analysis. July 2008 Page 41 of 49  

http://www.iomai.com/
http://www.vaxin.com/
http://www.apollolifesciences.com/
http://www.apollolifesciences.com/
http://www.apollolifesciences.com/TransdermalDelivery.aspx
http://www.apollolifesciences.com/TransdermalDelivery.aspx


Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 2 
Summary table of vaccine delivery technologies – July 2008  

 

Technology 
(ID) 

 

Development Potential vaccine Developer Description Route Notes and references 

 

status applications 

sub-dermal layers.  

 

size (150,000 daltons+). 

 

http://www.apollolifesciences.com/MediaReleases/070
430_Apollo_develops_needlefree_topical_vaccine.pdf  

Company press release, April 2007. 

 
 

9.2 Transdermal patches with micro-electrodes 

    

PassPort 

(T003) 

Altea 
Therapeutics 

www.alteatherap
eutics.com  

Transdermal delivery system consisting 
of reusable applicator plus disposable 
patch attached to an array of metallic 
filaments. Activation releases a pulse of 
electrical energy to the porator, where it 
is converted into thermal energy, which 
ablates the stratum corneum to create 
microchannels. When the applicator is 
removed, a simple fold-over design 
aligns the transdermal patch with the 
newly formed microchannels. 

 

ID. Preclinical and 
clinical development 
(PATH unpublished 
data, 2007). 

Currently injected 
vaccines (assuming 
appropriate 
formulation can be 
developed). 

 

Cooperative research and development agreement 
signed with CDC (2003) for influenza research. 

Preclinical studies with influenza vaccine. Co-
administration of CpG adjuvant needed for efficacy.42  

30 or more issued patents (US and foreign); 
comprehensive protection for pipeline products to at 
least 2020 (company website). 

 

EasyVax™ 

(T007) 

Cyto Pulse 
Science 

www.cytopulse.c
om  

EasyVax is a two-component system 
containing a mobile electric-field 
generator handpiece and disposable 
microneedle arrays dry-coated with 
DNA. 

 

ID. Preclinical and 
phase I clinical 
research (tolerance 
study only, no active 
substance). 

DNA vaccines. www.cytopulse.com/the-science.shtml 

 

Several collaborations on DNA vaccines: 

Dengue (Walter Reed Army Institute of Research). 
Immunogenicity and challenge studies in non-human 
primates 

Marburg (The United States Army Medical Research 
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Institute for infectious diseases [USAMRIID]). 

Smallpox vaccine (USAMRIID): protection studies in 
mice.43 

 

Possibly too complex for use in low-resource settings. 

 
ViaDerm 

(T102) 

Transpharma 
Medical Limited 

www.transpharm
a-medical.com  

A reusable device, with disposable 
micro-electrode array attached, creates 
the radio frequency (RF) microchannels. 
This prepares the site for application of a 
proprietary patch containing a drug. The 
drug is then passively diffused through 
the RF microchannels. The ViaDerm 
system is designed for continuous, one-
handed application. 

ID. Research/design. Currently injected 
vaccines (assuming 
appropriate 
formulation can be 
developed). 

 

Human studies conducted on a total of 47 healthy, 
adult volunteers demonstrated an excellent safety and 
tolerability profile and uniformity in microchannel depth 
among various skin types, all three age groups, and 
between both genders. http://www.transpharma-
medical.com/viaderm_system.html  

 

Appears to be too complex and expensive in current 
form for use in low-resource settings. 

 
 

10. Intradermal needle delivery 

    

 

10.1 Needle depth limiters 

    

Needle depth 
adaptor 

(T018) 

SID 
Technologies/ 
PATH 

Adaptor designed to be used with pre-
existing syringe designs (tuberculosis 
and insulin, smaller gauge) in order to 
achieve shallower needle penetration 
required for ID delivery. The goal is to 
make ID delivery as straightforward as 
SC/IM. 

ID. Design and research 
(PATH unpublished 
data, 2007).  

Any currently 
injected vaccine 
(assuming no 
adjuvant 
reactogenicity). 

 

Technology currently being developed/evaluated at 
PATH.  

Will be evaluated with rabies vaccine (from Indian 
Immunologicals Limited) alongside Pharmajet DCJI 
and DeBiotech microneedles. 
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Becton Dickinson has several patents in the area: 

Alchas 2003. Prefillable ID device. US patent 
application 20040116859.  

Alchas 2004. Prefillable ID delivery device with hidden 
needle and passive shielding. US patent application 
20050033230.  

Alchas 2004. ID needle. US patent application 
20050113753.  

 
 

11. Prefilled containers 

    

 

11.1 Prefilled syringes 

    

BD Uniject™ 

(T075) 

Becton 
Dickinson 

www.bd.com 

Single-use system with squeezable drug 
reservoir. Device cannot be reused 
because the sealed drug reservoir 
membrane breaks and a disc valve 
inhibits refilling. 

 

SC, IM. Commercially 
available. 

Injectable vaccines.  

Currently used for 
hepatitis B and 
tetanus. 

http://www.bd.com/immunization/pdfs/products/bd_unij
ect.pdf  

 

Hypak SCF™ 

(T111) 

Becton 
Dickinson 

www.bd.com 

Glass prefilled syringes. Available in 
0.1–20 ml. Only 2% overfill required. 
Compatible with Preventis and 
SafetyGlide needle shielding systems. 

SC, IM. Commercially 
available. 

Injectable vaccines. Also have: 

BD Readyfill™: specialized product with needle 
isolation for sensitive (e.g., biotech) products. 

BD Sterifill™: prefilled plastic polymer syringe. 

 
Crystal Zenith 
RU system 

West 
Pharmaceutical 
Services 

This system includes Daikyo Flurotec® 
barrier film on the drug contact surfaces 
to provide a barrier against organic and 
inorganic extractables and to impart 

SC, IM. Commercially 
available. 

Injectable vaccines. Daikyo Seiko, Limited, manufactures the Crystal Zenith 
prefillable syringe system in Japan. 

 
Project Optimize – Landscape analysis. July 2008 Page 44 of 49  

http://www.bd.com/
http://www.bd.com/immunization/pdfs/products/bd_uniject.pdf
http://www.bd.com/immunization/pdfs/products/bd_uniject.pdf
http://www.bd.com/


Landscape analysis: trends in vaccine availability and vaccine delivery technologies ANNEX 2 
Summary table of vaccine delivery technologies – July 2008  

 

Technology 
(ID) 

 

Development Potential vaccine Developer Description Route Notes and references 

 

status applications 

(T112) Incorporated 

www.westpharm
a.com 

 

lubricity. The barrel is manufactured 
from proprietary cyclic olefin polymer. 

 

Forma3s 

(T113) 

Schott 
Pharmaceutical 
Packaging 

www.us.schott.c
om 

Sterile glass syringe set, ready for filling. 
Available with (forma 3SN®) or without 
(forma 3S®) staked needle. 

 

SC, IM. Commercially 
available. 

Injectable vaccines. Dual-chamber syringes with bypass for two component 
applications also available. 

Forma 2S (non-sterile) also available. 

http://www.us.schott.com/pharmaceutical_packaging/e
nglish/download/us_syringes.pdf  

 
ToPac® 

(T114) 

Schott 
Pharmaceutical 
Packaging 

www.us.schott.c
om 

 

Sterile prefillable syringes made of 
Topas®, an advanced cyclic olefin 
copolymer.  

 

SC, IM. Commercially 
available. 

Injectable vaccines. http://www.us.schott.com/pharmaceutical_packaging/e
nglish/download/us_syringes.pdf 

RTF® syringes 

(T115) 

Gerresheimer 
AG 

www.gerresheim
er.com 

 

Range of ready-to-fill glass syringes, 
with/without needle.  

 

SC, IM. Commercially 
available. 

Injectable vaccines. http://www.gerresheimer.com/en/products-
services/online-catalogue/tubular-glass/tg-
overview/syringe-systems.html 

Buender Glas is a subsidiary of Gerresheimer. 

Single-chamber 
syringe 

(T116) 

Vetter 
Pharmaceuticals 

www.vetter-
pharma.com 

Single-chamber syringe for prefilling. 
Available with/without staked needle and 
with/without tamper evident closure 
system. 

 

 

SC, IM. Commercially 
available. 

Injectable vaccines. http://www.vetter-
pharma.com/services/prodposs/einkammer/index_html 
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Clearshot 
copolymer 
prefilled 
syringes 

(T117) 

Baxter 
Healthcare 
Corporation 

www.baxterbiop
harmasolutions.
com  

 

The Clearshot is a copolymer prefilled 
syringe, compatible with a wide range of 
molecules. 1–10 ml sizes available. 

SC, IM. Commercially 
available. 

Injectable vaccines. http://www.baxterbiopharmasolutions.com/enhanced_ 
packaging/injectable_delivery/clearshot_cs.html 

Glass prefilled syringes also available.  

 

Prefillable 
glass syringes 

(T118) 

MGlas AG 

www.mglas.de 

Range of prefilled glass syringes. SC, IM. Commercially 
available. 

Injectable vaccines. http://www.mglas.de/en/index.html 

Look very similar to Vetter products. 

 
 

11.2 Prefilled cartridges 

    

Carpuject 

(T132) 

 

Multiple 
suppliers 

 

Prefilled syringe cartridge with attached 
needle that is inserted into a reusable 
plastic (was metal) holder for injection. 

SC, IM. Commercially 
available. 

Injectable vaccines. Safety variants available with needle sheaths to cover 
needle after use (Carpoject-needle-Pro, Smiths 
Medical). 

 

Tubex® 

(T133) 

 

Multiple 
suppliers 

Prefilled syringe cartridge with attached 
needle that is inserted into a reusable 
plastic (was metal) holder for injection. 

SC, IM. Commercially 
available. 

Injectable vaccines. Wyeth was original developer, but discontinued 
production and licensed Tubex to other manufacturers. 
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