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Young children
(e.g., measles
2"d dose)
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adolescents
(human
papillomavirus)

Women of
child-bearing
age (tetanus

toxoid)

Expanded age
groups during
campaigns

(e.g., polio,
measles,
meningitis A)

#PATH




Training and availability for health care
workers.

Routine, supplementary immunization
activity, and outbreak response.

Appropriate vaccine management.

Supply access (e.g., needles and
syringes, safety boxes).
Needlestick injuries to health care
workers.

Disposal of sharps waste—community
needlestick injuries.
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Infections resulting from unsafe
injections:*
« Hepatitis B: 15 million.
— 25% of all new infections.
« Hepatitis C: 1 million.
— 8% of all new infections.

« Human immunodeficiency virus:
340,000.

— 14% of all new infections.
« Bacterial: 3 million.

— 7% of all new infections.

Photo: PATH\Mark Clifford

Photo: PATH

*Report of the 2010 Safe Injection Global Network Meeting. Available at: http://www.who.int/injection safety/toolbox/sign2010 meeting.pdf.

#PATH


http://www.who.int/injection_safety/toolbox/sign2010_meeting.pdf
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New vaccine introductions
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Challenges to the immunization supply chain

Growing volume (cms3) Increasing number
to vaccinate per child of doses

bbobbdbdbboéo
bbbbbébé o
bbobobbbiéoo
bbobbobboiéoé

2010 2020
Introduction of more Increase in stock keeping
expensive vaccines units
= 2010 2020
Note: All figures relate to Gavi-vaccines G aVi @
1. UNICEF Supply 2012 Financial report, WHO data for Pneumo and Rota vaccines, and HPV (only for girls);
2. 2010: Gavi Shipment Data; 2020; Gavi SDF Forecast; Including volume for GAVI future graduated countries; The Vaccine Alliance

3. Comparison based on 2013 Price; 2020 Vaccines include: Rota, Pneumo; HPV; 2010' vaccines include:YF, Measles, DPT,
OPV (UNICEF SD);
4. Gavi Background SDF Information; 2010": estimates based on 2009 data; 2020: estimates based on 2013 forecast

Courtesy Robert Steinglass—JSI
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New vaccines—new challenges

« Increase in number of vaccines (from 6 to
12-15).

« Age restrictions (rotavirus vaccine upper
age limit).

« New target age groups (HPV: adolescents)
requiring new service delivery channels.

« New messages (syndromes, partial
protection).

« Integrated approaches to disease control.
« Cost of new vaccines.

« Cold chain/logistics challenges (bulk and
waste disposal).

Most new vaccines require a well-functioning
routine immunization program.

Courtesy Robert Steinglass—JSI
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Vaccine wastage

Cambodia Nigeria
(95% MCV1 coverage) | (57% MCV1 coverage)

Average measles vaccine wastage 58% 19%
rate in health centers

Average number of children before 2.2 6.2
opening measles vaccine vial

Proportion of parents saying they 1% 30%

were turned away for vaccination

Proportion of turned away who 12% 53%

never received vaccine

Vaccines missed among turned away MCV: 63% BCG: 33%
MCV: 26%

Source: unpublished data, 2011 Nigeria CDC/WHO/NPHCDA study, 2013 Cambodia WHO/CDC/MOH study in
nationally representative samples of health facilities

Courtesy Robert Steinglass—JSI
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Single versus multidose vial tradeoffs

Comparison of the Major Programmatic and Economic Advantages of

Single- Versus Multidose Vaccine Containers?®

| [singledose

Production Eliminates use of thiomersal Faster filling rate

Packaging Cheaper packaging costs
Simplified logistics Smaller and lighter for transport

Cold chain Smaller cold chain volume

Safety Less risk of contamination
Ensures more accurate dose delivery

Syringe usage (for Requires fewer reconstitution
injectable vaccines) syringes (for lyophilized vaccines)
Significantly less vaccine wastage

Coverage rates Facilitates innovative outreach strategies

Prevents missed opportunities due to reluctance to

open a multidose container for small sessions

Medical waste Smaller medical waste volumeP

@ Adapted from Drain PK, Nelson CM, Lloyd JS. Single-dose versus multidose vaccine vials for immunization programmes in
developing countries. Bull World Health Org 2003; 81 (10): 726-31.
b Compact prefilled autodisable syringes (Uniject) have less waste volume than multidose vials with syringes.

Courtesy Robert Steinglass—JSI
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http://www.cfr.org/interactives/GH_Vaccine_Map

Vaccine preventable outbreaks Cases of
2008-2013 vinoepng Cough
83,530 13,046 s

Rubella

Australia 5,923 5,270

New south Wales USA USA

1,010,182 : 2011 sy Calforia

129,285 77,000

China Milawi
2008 2010

29,902

India

24,272 20,715 \f 18,638

Romania Australia France
2012

://www.vaccinenation.org/2014/01/28/infographic-the-largest-preventable-outbreaks
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http://www.vaccinenation.org/2014/01/28/infographic-the-largest-preventable-outbreaks

Heat sensitivity Influenza

Most sensitive

Vaccines to the O Freeze dried
left of the line o ‘
are not damaged O Liquid, no adjuvant
by freezin < o .

! ¢ O Liquid, with alum

adjuvant
Least sensitive
Freeze senS|t|V|ty *The diluent for MenA PS-PCV
Not Least Most contains alum adjuvant and is
s e e freeze sensitive.
sensitive sensitive sensitive
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« Enhanced thermostability (heat and freeze protection)
enables supply logistics and distribution at or beyond
the cold chain.

« Compact, low-weight packaging minimizes product
volume and reduces space requirements.

 Increased potential for fractional dosing reduces
supply and delivery costs.

« Ease of use is improved within different delivery
scenarios (routine immunization or mass campaign).

Source: World Health Organization (WHO). Vaccine Presentation and Packaging Advisory Group Generic Preferred Product Profile for Vaccines. Geneva: WHO; 2009. Available at:
http://www.who.int/immunization_delivery/systems_policy/VPPAG_Generic_PPP_and_Workplan.pdf.
ofe
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« Simplified product preparation reduces the number of
steps and requirements, helping to ensure effective
delivery.

« Autodisable features prevent reuse and potential
disease transmission.

« Innovative materials (including primary container,
secondary, and tertiary packaging) minimize
environmental impact, the risk of needlestick injury,
and unsafe medical waste.

« Improved patient/parent acceptance increases
willingness for vaccination.

Source: World Health Organization (WHO). Vaccine Presentation and Packaging Advisory Group Generic Preferred Product Profile for Vaccines. Geneva: WHO; 2009. Available at:
http://www.who.int/immunization_delivery/systems_policy/VPPAG_Generic_PPP_and_Workplan.pdf.
ofe
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New vaccine delivery technologies

Delivery devices Packaging

 Disposable-syringe jet e Prefilled syringes/ e Fast-dissolving
injectors™ compact prefilled tablets and gels

e Intradermal delivery autodisable devices*™ e Solid-dose implants
devices* e Blow-fill seal/multi-

e Microneedles* mono dose*

e Integrated

e Intranasal delivery titution™
reconstitution

e Aerosol/dry powder
inhalation

* Electroporation % discussed in presentation

All photos: PATH
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Autodisable and reuse-prevention syringe pricing—
baseline technologies

Total awarded quantity] Weighted average
(units) price per unit (USD)

Autodisable (AD)syringes

0.5 mL AD syringe [ m—— 1,158,000,000 $0.0396
For immunization injections of all 0.5ml dose vaccines

0.1 mL AD syringe F—— 440,000 $0.0410
For immunization injections of BCG vaccine

0.05 mL AD syringe Lm— 84,000,000 $0.0463
For immunization injections of BCG vaccine

Long-term arrangement fixed-unit
Syringe, re-use prevention (RUP), 2 mL prices based on incoterm FCA port/
airport of origin

Supplier name Product Product type June 2013-May 2015

Syringe, RUP, 2 mi, with fixed

Helm Medical GmbH needle/BOX—100

$4.25

Sources: (1) United Nations Children’s Fund (UNICEF). 2014-2015 AD Syringes Projections: Quantities and Pricing. New York: UNICEF; 2014. Available at:
http://www.unicef.org/supply/files/2014-2015_AD_Syringes_Projections.pdf. (2) UNICEF. Re-Use Prevention Syringes Current LTA’s Price Data. New York: UNICEF; 2011.
Available at: http://www.unicef.org/supply/files/Re-Use_Prevention_(RUP)_syringes_current_LTAs_price_data.pdf.
ofe
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Many new technologies are needle
free.

Some are compatible with existing
vaccine formats (e.g., vials or
ampoules).

Others are integrated with
formulation (e.g., combination
products).

Improved ease of vaccine delivery,
efficacy, cost-effectiveness, and
safety are areas of focus.

Developers include industry,
academic, and nonprofit research
groups.

Photo: Georgia Tech

Photo: PATH
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« The first half of the smallpox

eradication program used
high-speed jet injectors with
intradermal nozzles, delivering
tens of millions of doses.

Bifurcated needles replaced
jet injectors for the later half
of eradication.

Alternative delivery
technologies were critical in
the success of smallpox
eradication.

Photos: Bruce Weniger
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Potential public health benefits

« Increase vaccine access and
coverage—enable community health
workers to deliver vaccines.

o Improve immunogenicity.

« Reduce the need for and the number
of injections.

Photo: World Health Organization

« Reduce risk of infections/cross-
contamination.

« Reduce potentially dangerous sharps
waste.

Image: PATH
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Relieve tensions and fears
surrounding immunization.

Reduce dropout by optimizing
schedules.

Reduce health worker workload—
simplified administration and
reconstitution (free up time for other
tasks).

Reduce cold chain dependency
through improved thermostability
(heat and freeze stability)—
incorporation of enhanced
formulation in presentation.

Photo: Umit Kartoglu

Photo: PATH/Debra Kristensen

Photo: PATH/Debra Kristensen
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Disposable-syringe jet injectors
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Delivery using jet injectors

Jet injectors deliver vaccines and medicines without
using needles; instead, jet injectors generate a
pressurized liquid stream that pushes through the skin,
penetrating it to deliver injections into the tissue.

A Pharmalet DSII injection in action.

BJOJECT J BIOIECT M BIOJECT

Intradermal

Subcutaneous

Intramuscular

All images: Bioject

ID injection with a DSJI. SC injection with a DSII. IM injection with a DSJI.

&PATH

Acronyms: DSJI, disposable-syringe jet injector; ID, intradermal; IM, intramuscular; SC, subcutaneous.



« Prequalification requirements are based upon the International Organization
for Standardization standard for jet injectors (ISO+).

« Requires device clearance through globally recognized national regulatory
authority.

« Pharmalet Stratis® technology was the first DSJI to complete this process
(January 2013).

é.! PERFOAMANCE QuUALITY SAFETY

EQQS; Autcdisable syringe for fixed doss
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424 Number of life time cycles....... s vty oy S 1503001, 150 148, Prome sandars 50 78883, FoA S10K G2
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#PATH

Acronyms: DSJI, disposable-syringe jet injector; World Health Organization, WHO.



ID delivery device categories

Needle-based devices (standard needle and
syringe, hollow microneedles, mini-needles, ID
adapters)

Disposable-syringe jet injectors
Microneedle patches (solid coated or dissolvable)

All photos: PATH except where noted

Page 25

Acronym: ID, intradermal.

Field filled or
prefilled with
liquid vaccine

".
L)

L

......

of Technology

Photo: Georgia Institute
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ID delivery devices: Needle based

Development

Status

West Pharmaceutical
Services, Inc. (West)

ID Adapter Commercialized A

. Commercialized
BD Soluvia™ . . B
- (influenza vaccine)

Star Syringe, Ltd. Star ID Preclinical C

NanoPass Micronlet 600 Commercialized D

Photo: BD

Photo: Star Syringe

All photos: PATH except where noted

&PATH

Acronym: ID, intradermal.


http://www.westpharma.com/en/Pages/Default.aspx
http://www.westpharma.com/en/products/Pages/ID-Adapter.aspx
http://bd.com/
http://www.bd.com/pharmaceuticals/products/microinjection.asphttp:/www.starsyringe.com/
http://www.starsyringe.com/
http://www.starsyringe.com/product-starid.htm
http://www.nanopass.com/
http://www.nanopass.com/content-d.asp?tcid=19&cid=24

ID delivery devices: Disposable-syringe jet injectors

Development

Manufacturer Status (for ID delivery)

Pharmalet® Tropis Clinical A
ID Pen Clinical B
. e . . _

Bioiect Zetajet Clinical
Biojector® 2000 Device clearance D
Medical International Dart Preclinical C
Technologies H4 Preclinical —

All photos: PATH
Page 27
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http://pharmajet.com/
http://www.bioject.com/
http://www.bioject.com/products/zetajet
http://www.bioject.com/products/b2000-info
http://www.mitcanada.ca/

Comparison of microneedle types
Solid, coated, dissolving, hollow, and hydrogel.

) ) Hollow
Step one: Microneedles are applied.

Solid Coated Dissolving Hydrogel

i
u—u_u-|||||-u-

stratum
corneum

epidermis
pidermis

Hollow
Step two: Pharmaceutical is released. L
Shraturm Solid Coated Dissolving Hydrogel
corneum

Images: PATH
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ID delivery devices: Microneedle patches

Development Patch

Developer Components
P Status type P
Georgia Institute Patch (potentially no
£ _ Preclinical Dissolvable .(p g A

of Technology applicator needed)

. . o . Patch and integrated
Corium MicroCor® Preclinical Dissolvable . B

applicator

Vaxxas / Solid
University of Nanopatch™ Preclinical coated Patch and applicator C
Queensland

\

b, 3

€
=]
=
5]
(&)
o)
2
)
<
a

Photo: Georgia Tech
Photo: Vaxxas
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http://drugdelivery.chbe.gatech.edu/gallery_microneedles.html
http://www.coriumgroup.com/
http://www.coriumgroup.com/Tech_MicroCor.html
http://www.vaxxas.com/
http://www.vaxxas.com/nanopatch-technology

Oral Prefill Technologies

Development
Status
BD® Uniject DP Market available A
Rommela BFS Market available B
~OMMEAE BFS MMD In development C
Lameplast Tube Market available D

Photos: PATH/Patrick McKern
Photo: PATH/Greg Kachmarik

PATH 3D-printed prototype.

Page 30 %’3 PHT H

Acronyms: BFS, blow-fill seal; MMD, multi-mono dose.


http://www.bd.com/
http://bd.com/pharmaceuticals/products/auto-disable.asp
http://www.rommelag.com/en/index_en.html
http://www.rommelag.com/en/03_bfs_process/0301_bfs_process.html
http://www.lameplastgroup.com/it/default.asp
http://www.lameplastgroup.com/en/HEB_Catalogodet.asp?ID=93

Technology example: Multi-mono dose

Multi-mono dose:

- A conjoined strip of single-
dose containers with a
single label and vaccine vial
monitor.

- Separating a single
container from the strip
opens the container.

- Formed using BFS or other
plastic container
technologies.

o
CAD models of multi-mono-dose design.

Page 31

Acronyms: BFS, blow-fill seal; CAD, computer-aided design.

Conjoined BFS packaging.

Images: PATH

Photo: PATH

Photo: PATH/Greg Kachmarik

PATH 3D-printed prototype.
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Parenteral prefill technologies

Development
Status
BD® Uniject Market available A
BD® Hypak Market available B
Gerresheimer Gx RTF® Market available C
Taisei Kako Co., Ltd ClearJect™ (COC polymer) Market available D
Rommelag BFS for injection In development E
Angela Brevetti Secureject® Market available F

Fm

ARGEL)

&PATH

Acronyms: BFS, blow-fill seal; RTF, ready to fill.



http://www.bd.com/
http://bd.com/pharmaceuticals/products/auto-disable.asp
http://www.bd.com/
http://www.bd.com/pharmaceuticals/products/BDHypakProductRange.asp
http://www.gerresheimer.com/en/home.html
http://www.gerresheimer.com/en/products-services/online-catalogue/plastics-and-devices/syringe-systems/gxr-glass-syringe-systems/rtfr-syringe-systems-luercone.html
http://www.taisei-g.co.jp/english/index.html
http://www.gerresheimer.com/en/products-services/online-catalogue/plastics-and-devices/syringe-systems/clearjecttm-plastic-syringes.html
http://www.rommelag.com/en/index_en.html
http://www.rommelag.com/en/03_bfs_process/0301_bfs_process.html
http://www.brevettiangela.com/
http://www.brevettiangela.com/index.php?option=com_content&view=article&id=60&Itemid=65&lang=en

Reconstitution Technologies

Development

Status

Lyo-Ject Market available A

SVS In development B
LyoGo In development C
LyoTip In development D

Photo: Vetter

Photo: Eulysis

Photo: Lyogo

Photo: LyoTip

Page 33 * PHT H

Acronym: SVS, single-vial system.


https://www.vetter-pharma.com/de
https://www.vetter-pharma.com/en/services-solutions-en/vetter-packaging-solutions/specialized-packaging-technologies/vetter-dual-chamber-systems/vetter-dual-chamber-system
http://www.eulysis.com/
http://www.eulysis.com/technology/single-vial-system/
http://www.lyogo.com/
http://www.lyogo.com/
http://integritybio.com/Innovation/LyoTip
http://integritybio.com/Innovation/LyoTip

Key considerations—vaccine delivery

technologies

« Integrate new technology early in
vaccine development process. Geneift Preferrecliiilc

Proflle for Vaccines

« Ensure alignment with generic
preferred product profile for
vaccines—pursue consultation with |
VPPAG. | re——_—

i Qa Suitability of Vaccine Candidates

for WHO Prequalification

« Confirm programmatic suitability for
WHO prequalification.

« Estimate device costs (cost of goods,
cost per delivered dose).

« Assess potential cold chain impact.

« Confirm human factors/health care

worker usability.
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Thank you
XPATH

Darin Zehrung

Senior Technical Officer

Portfolio Leader, Delivery Technologies

Vaccine and Pharmaceutical Technologies Group
dzehrung@path.org




