VVM Innovation
Thermostability monitoring of vaccines for global supply
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Why bother about temperature monitoring ? bringing cold chaininnovations
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Impacts of temperature
Objectives of the immunization supply chain excursions...
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Temperature monitoring: detects excursions and can help avoid future excursions
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Challenges in vaccine Cold Chain management Iisalineo

bringing cold chain innovations
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Challenges in vaccine Cold Chain management Iisalineg

bringing cold chain innovations
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Vaccine exposure to Heating & freezing ||$a||ne"
. bringing cold chain innovations
- Current reality o

What do we know from the
EVM Data Analysis

Too hot

Over 90% of storekeepers and
health workers know how to read
VVMs.

“Easier to
detect”

Health worker in Niger shows bottles with
vaccine vial monitors. Source: WHO

—
“What about

excursions during

weekends?”

Continuous temperature monitoring

Only 11 % of facilities pack

Too cold == i : el
. oo freeze indicators with deliveries
v / o .
P24 ' of freeze-sensitive vaccines
Harder e e
2 Example = = - '
tO detCCt Freeze indicators Shake test. Source WHO
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Vaccine Temperature Sensitivity Ilsallne

bringing cold chain innovations

Heat sensitivity

most sensitive 2 a@

7
Days
at 37°C
14

least sensitive

Freeze sensitivity

Least sensitivity } most sensitive
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Four WHO VVM Categories to Monitor Vaccines I isa I i neo
with Different Heat Sensitivities pringing cold ehain innovations

HEATmarker VVMs - Time to VVM Endpoint
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Temptime Continues to Invest in Iisaline
. bringing cold chain innovations
Product Innovations o

* VVM: new categories

e CTC & VVM+™: combined VVM and peak
threshold indicator

* Hybrid 2D Bar Codes with embedded
VVM active area: improve patient safety
and address evolving international anti-
counterfeiting/track & trace and
serialization requirements
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VVM7 - Improved Ilsallne

bringing cold chain innovations

e VVMY7 - improved
 VVM7 naturally develops color at 5°C over the course of two years
e Current specification is > 2 years to end point at 5°C

* Improved formulation for full label is > 2 years 4 months to end point
at 5°C and typical time of 2 years and 6 months

* Improved formulation for dot construction is > 2 years 8 months to
end point at 5°C and typical time of 2 years and 10 months

* Independent lab tests have been completed and dossier submitted
to PQS
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VVM Line Extensions to Address Programmatic !lgsgé!lnte
Needs: VVM11
e  Why VVM11
e Some vaccines have stability > VVM7 but < VWM 14

 Some vaccines have moved to 3 year expiry date but with < 14 days
at 37°C

* Change to statistical modeling of vaccine stability can possibility lead
to a lower VVM type

e e.g., VVM14 now would revert to VVM7
 VVM11 fills the gap between VVM7 and VVM14
* Provides > 2.5 years at 5°C
* Project initiated based initially on potential IPV stability
e Status

* Included in VVM spec revision to be published soon

Temperature Intelligence™ Solutions




VVM New categories

Table 1: VVM reaction rates by type

lisaline®

bringing cold chain innovations

Type (Vaccines) Maximum | Maximum | Maximum | Time to end_
time to time to time to point at
end point | end point | end point | +3°C
at +37°C__ | at +25°C | at +5°C

VVM30: High Stability 30 days 193 days | NA* =24 years

VVM14: Medium Stability | 14 days 90 days NA* = 3 years

Vv Ifef[_]l: Intermediate 11 days 71 days NA* =25 years

stabality

VVM?7: Moderate Stability | 7 days 45 days NA* =2 years

- . " NA*

VVM2: Least Stable 2 davs NA 225 davs

WV (Arrhenius) reaction rates defermined at two temperature points

Temperature Intelligence™ Solutions
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FourFive WHO VVM Categories — VVM11 is lisaline

bringing cold chain innovations
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lisaline®

bringing cold chain innovations

The innovation of the
Controlled
Temperature

Chain (CTC) -

where do we

go from here?

- o\
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The Next Challenge — Iisalinee
ContrO”ed Temperatu re Chaln (CTC) bringing cold chain innovations

Objective: on-label use of vaccines in a CTC allowing specific vaccines to be
kept and administered at ambient temperatures, up to 40C for one, limited
period of time

e All CTC pilot studies with

- VVM on each vial

- And Temptime’s LIMITmarker®
threshold indicator in each vaccine carrier

(o
o O

Before Exposure to 40°C After Exposure to 40°C
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New Product Innovations Address High Iisaline
. bringing cold chain innovations
Temperature Excursions

VVM+™

* Combined VVM response and high temperature threshold in a single
indicator

HOW DOES A CTC COMPARE TO
A TRADITIONAL COLD CHAIN?

TRADITIONAL COLD CHAIN

Vaccine label indicates WVaccine label indicates
+2°C to +B°C for all +2°C to +8°C for initial
storage and transport. storage and transport,

= and parmits up to
= 40°C for at least
3 days prior to use.

Vaccine vial monitors and peaR
@ temperature threshold indicators
protect potency and quality by
monitoring cumulative and peak
exposure to heat.

Vaccine vial monitors protect
vv M potency and quality by monitorir
cumulative exposure to heat.

> VWM+

Conditioned ice packs or cool
water packs are required in
vaccine carriers.

- BFCool water packs
are required in vaccine carriers.
Reduced risk of freezing.

Health workers need
additional training. monitoring
and supervision.

Mo need for additional training,
monitoring or supervision.

When implemented correctly,
preserves the safety and
potency of the vaccine.

V When implemented correctly,
preserves the safety and
potency of the vaccine.

F " v Half the cost.! Fewer freezers,
Requires cooling equipment, . :
i fewer journeys and less staff time
transport, and human resources
are needed to manage and

at all levels to maintain cold chain. S i 2
maintain cold chain requirements.
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HEATmarker VVM+ !ri!gﬁcogc!a! 'Qag
VVM Plus Peak Indicator in Same Device

* VVMH+ reacts like a VVM up to 37°C

* At 40°C, VVM+ reaches the end point rapidly to show exposure to
critical peak temperature

50

B
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Comparison of VVM+ and VVM at Threshold !|g§§!|nte
Temperature

ré./:ff TIME

Ao g M

Oual Heat lndlcator
HEATmarker VVM+

TENPTIME

Prodectiong Petients » Mocucing Mas'™

HEATmarker VVM
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Four Five WHO VVM Categories and VVM+ Ilsa I ine

bringing cold chain innovations

VVM+ In Progress
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VVM Challenge — Iisalineg

Highly Stable Rotavirus Vaccine 540 days at 37°C Prnong cold chaininnovations

Vaccine s (2007 mx-x

N . . =
Contants lists available at Scienceliroct

Jaccine

Vaccine il: :

journal homepage: www.elsevier.com/locate/vascine

Stability of heat stable, live attenuated Rotavirus vaccine (ROTASIIL")

Sameer P. Naik, Jagdish K Zade *, Rajendra N. Sabale, 5ambhaji 5. Pisal, Ravi Menon, Subhash G. Bankar,
Sunil Gairola, Rajeev M. Dhere

Serum Irstitute of fndin PYT LTD 2122, Hadapsar, Furme 411028, fndia

3T Up W SIS UL S ddb, dl HTESHED LEITPETALUTE S,  JIY THHeu-
organism introduced during the reconstitution process could

The thermo-stability of ROTASIIL®, ironically, has thrown up a
new challenge in terms of vaccine vial monitors (VVM). The pre-
sently available VVM portfolio (Max VVM30: 30 days at 37 °C) does
not begin to cover the extreme thermo stability of ROTASIIL which
is 18 months- (540 days) at 37 =C. Efforts to develop a more appro-

\_ priate VVM are on-going.
ftrrs=bern Mrmﬁrrmrdﬂmﬂhmamkzbimﬁurmr—/

mortality from diarrheal disease after vaccine introduction in

Temperature Intelligence™ Solutions /l> Tem ptl me’
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VVM Line Extensions to Address Programmatic !|g§§!|nte
Needs VVM250 — Technology Capability

Temptime has supplied TTls for use by US
Military with 3 year life at 26°C for more than 20
years and a more stable category for use on
Rapid Skin Decontamination Lotion

NAVY CHEMICAL DECONTAMINATION: EFFECTIVELY
FIELDING NEW SKIN DECONTAMINATION SOLUTION

By Michelle I Jacksan and Sharon M. Parisk

Additionally, the Joint Program Executive Of-
fice for Chemical and Biological Defense has devel-
oped a time temperature indicator (TTT) to include
on RSDL packets when manufactured. TTIs incor-
porate MKT to accurately determine the service life
limits of RSDL exposed to various temperatures.

Color Change

TTIs, therefore, assist with RSDL management by ot Point Match Point Beyond Match Point
.1 s s . . + Reference Reference than Reference

providing visible information reflecting product

quality. An example TTT is shown in Figure 3. Figuro 3. Trme Tomperature Indcato

Temperature Intelligence™ Solutions /l> Tem pt i me’
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VVM 250 — Upper limit of 250 days at 37°C !Igsg§!lnte

Draft WHO PQS specification would be:

Maximum time to | Maximum tim |Time to

end point at e to end point |end point
+55°C at +45°C at +25°C

17.0 days 73 days > 900 days

New VVM category developed for thermostable
vaccines!!

o ime'
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Eour Five Six WHO VVM Categories and VVM+ Ilsa I ine

bringing cold chain innovations

VVM250
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Strengthening the Immunization Supply Chain Ilsallne

bringing cold chain innovations

2D Barcode with Embedded VVM

a

VACCINE
(ADSORBED) I.P.

i

o ime'
Temperature Intelligence™ Solutions \l/ Tem Etbl mﬁ
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Transformational Innovation: 2D Barcode with Iisaline"
Embedded VVM

Digitization of Chemical Indicators & Unit of Sale Level Data Connection

Enhance the value of 2D barcodes (for stock management, patient safety and
anti-counterfeiting) by incorporating temperature integrity

bringing cold chain innovations

» Specific area has cumulative (VVM) and/or threshold ink printed as part of

barcode

* Rapid reading with phone or scanner

e Connect with cloud based data set of other sensors

Temperature Intelligence™ Solutions

Tests Passed
Monitor Category: VVM7
Remaining Life: 80%
Expiration Date: 2019-12-31

Product Authenticity: v OK

GTIN: 10123451234512
Batch Number: 16R00150

Serial Number: 1234

\/ OneScan™

(> Temptime’

Tests Failed

Monitor Category: VVM7
Remaining Life: 0%
Expiration Date: 2019-12-31

Product Authenticity: v OK

GTIN: 10123451234512
Batch Number: 16R00150

Serial Number: 1234

OneScan™

(> Temptime’

/ .) Temptime
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GS1 2D Data Matrix with Threshold Sensor !Ig§§!lnte

* Threshold Indicator — rapid, irreversible color change when peak
temperature threshold is exceeded

b% o.lm%@/
K K
Below threshold - Exceed threshold
temperature U temperature

Exceed
Threshold
Temperature

_—

Temperature Intelligence™ Solutions (l) Tem ptl me
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GS1 2D Data Matrix with VVM lisaline®

bringing cold chain innovations

 VVM —gradual, irreversible color change from light to dark
develops with cumulative time and temperature exposure

||
Before heat | | After excessive
exposure ®)

heat
||

Time and
temperature
exposure

_—

Temperature Intelligence™ Solutions (l\‘ Tem ptl me’
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Demo of Data Matrix Processing - Status Iisa I I neg

bringing cold chain innovations

* Developed and demonstrated algorithm on computer to decode binary
change or measure color shades

* Developing app for phone or scanner
* GS1 organized a Working Group to create the Application Identifiers

(~> Temptime’
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Continuous End-to-End Temperature Monitoringl isalineo
with Dynamic 2D Barcode Indicator Ve e erters

Serialized barcodes on individual saleable units are a key enabling technology
of global identification and tracking regulations

The OneScan™ System
* Merges unit serialization and temperature monitoring in a single scan
* Improves stock management
* Enhances product integrity, patient safety, supply security and
temperature compliance without inference

Healthcara Patmant
Provider

End-to-end unique identifier and unique temperature monitor

o ime'
Temperature Intelligence™ Solutions \l/ Tem Btbl mﬁ
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Dynamic Barcodes Allow Unit Level Data ||Sa||ne‘
bringing cold chain innovations
Connection from Manufacture to End Use o

Monitoring Information
Product Flow Package Level Data Capture

National
Distributor

Local

@ Distributor

Health
Provider

° \ g

=4
He=y

/

Temperature Intelligence™ Solutions \l> Tem ptl me’
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The OneScan™ Value Proposition Iisalineo

bringing cold chain innovations

Serving the needs of

» serialized supply chain tracking

e product authentication

e temperature assurance

* aqadditional layer of anti-counterfeiting

Delivering new and sustainable value to the Life Sciences industry

Public Value Schedule
Health Proposition / Service

Quality

Temperature Intelligence™ Solutions /l> Tnem ptl me’
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Close collaboration with GS1 and AIM! to I|sa||ne‘
Develop Standards for Temperature Sensors O

©
Update and next step
Wark Request:

Application Identifiers for temperature monitors

WR 17-045

Tuesday 10 October 13:45-14:30 Brussels

,’ Technologies  Standards  AIM Marketplace
J L & Wl
4 ¥ b N Identitication
L Le a il Matters Drafts for the Sensor Al Working Group

[ ETROY ¢ L] b

AIM & GS1 Joint Sensor AI Working Group
Looking for Volunteers

Purpose

1Association for Automatic Data Capture, Identification and Mobility

7« Temptime
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India EVM Assessment

e 2013 (latest assessment) shows good
understanding of VVM but low scores on effective
use of VVM for stock management

Scores have likely improved in recent years but 2D
barcode with VVM would automate stock
management processes and set the new standard
for best practices

Some of the aspect of the vaccine management which is very critical for safe
immunization programme and performance scores are at very low level, like:

o Al parameters of vaccines (type of vaccine, vial size, quantity received, vaccine manufacturer,

batch number, expiry date of each vaccine batch, VVM status and location in the store) are not
recorded and performance score ranges between 52-60% at PHC and District

National Effective Vaccine
Management Assessment, India

Draft V3.5

VS.
V. Chhatisgarh
Indicator wise Score . o : State 7 Region Division Distict AR AF-2
. 4 [ . —

Indicator | Aspects GMSD 215: I :; i 28 Districts | 52 HF Ralpur SV5 Gt v fibin | Laknanpur cHe

No. of sites 4 |16 14 28 |52 :
£7_11a | CONNERNSERSCHMESIREDOM | oo, 12% | 8% 4% A ;

and Fl information used {inchuding all necessary s i er name

- ) } ) cohumns for recording} aviflakle and VM status
missing
c. Stock keeping All salient parameter of vaccine & diluents must

Diluent and VVM record keeping was not seen
in majority of the vaccine stores

Verify stock records for sufficiency of working
and buffer stocks, and in and out transactions
and ensure that immediate action is taken when
buffer stock is breached.

be noted, particularly the

VVM stage (for vaccines),
Manufacturer,

Batch number and

Expiry date.

L]
L]
-
-

Temperature Intelligence™ Solutions
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Proof of Concept Pilot — Phase 1 under Iisalineg
d|5cu55|on bringing cold chain innovations

Apply 2D barcode label with VVM on secondary cartons at manufacturer
Scan cartons on shipment out and receipt at each transfer to district
level using smartphone with OneScan™ app

 Automated data collection and digitized VVM readings

* Push data to the cloud

Immunization Supply Chain in Indial

Buffer Stockist, Supply
GMSD i
o o) _ directly to. ..r»tat.es with
‘mn'jm‘igvﬁon 3 Accessibility issues.
Division . Act as Shock Absorber
State Vaccine Store
(Primary Vaccine Store)
80% Supply Vaccines to
Regional Vaccine Store respective lower
echelons
District Vaccine Store
Block Vaccine Store
(CHC/PHC)

Last point of storage,
supply vaccines for last
mile consumption.

PHC/UHC
(Last Cok Chain Point)

ZU bbb AN
W

Session Sites (Outreach)

Buffer Stock is AVDS

periodically rotated No Storage, vaccines to

be returned to
PHC/UHC after session

1 Dr. Pradeep Haldar Ministry of Health and Family Welfare, India
15th TechNet Conference Portugal, 16-20th October, 2017

Temperature Intelligence™ Solutions
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Standards, Serialization and Smartphones for !IS?!Ine
re ringing cold cnain inhcvations
Interoperability

* PoC design based on global standards for scalability and
interoperability

Bar codes can help track and trace health products in the supply chain. But 1o do so efficiently, they should be
based on global standards rather than a proprietary system, and the captured data should be integrated into
nafional health information systems to achieve end-to-end data visibility.

CIENCE AND PRACTICE

FIELD ACTION REPORT

More Than Bar Codes: Integrafing Global Standards-Based
Bar Code Technology Into National Health Information
Systems in Ethiopia and Pakistan to Increase End-to-End
Supply Chain Visibility

Lischs Harn,™ Ramy Guirguds,” Kait Hummd, Moo Villnes®

B codes con stk e sl groduch, i the sl chein. B 1o 10 e, they hmldb
hicaed] o ofocd akorekanh it dhan s preparisrary apsime, and fin cophund shiks sheuld Ly grated i
nabenal hedb nkermaton sruimmi & ackiam end-ho-and deds viabil

‘ . SN 1458-387
mw# LCJSAI!:? DELIVER PROJECT Journal of Medical Internet Research = ' "
QJMIR The leading peer-reviewed journai for heaith and healthcare in the Intemet age
f
Brief - ey About Search Review Archive Current issue Submit Membership Editorisl Board
Traceability in Ethiopia’s Health Sector: J Med Internet Res. 2016 Jun; 18(6): e143. PMCID: PMC4837181
Piloting GS| Barcodes with Global Trade Published online 2016 Jun 23. doi: 10.2196/mr 5501

Item Number Serialization to Track Health . . . . . .
Commodities from Supplier to Health Feasibility and Limitations of Vaccine Two-Dimensional Barcoding

Facility Using Mobile Devices

7« Temptime
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Goal: Integrate Stock Management and VVM Data I 1SA I i ne‘
into National Programs with Global Interoperability ™"« <=n oo

* After successful Phase 1 PoC on secondary carton, consider new phase
on vial level with serialization

VACCINE
% (ADSORBED) LP. o

|~ i

&

eVIN (Electronic Vaccine Intelligence Network)

,'.‘-;.i‘ ¥ = |
S fin 2014, Pilot took place in Bareilly and Shajahanpur to digitalize vaccine and
. llogistics stock.
S 15 of now, 12 states, 371 districts and around 11,000 Cold-Chain points 3long
-wlt]h 14,000 Temperature Loggers installed in India. With a/plan of Nation-wide 2\
. iscale up. A

L
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lisaline®

bringing cold chain innovations

THANK YOU!!!
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