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Why bother about temperature monitoring

Impacts of temperature
Objectives of the immunization supply chain excursions...

If undetected If detected

Availability of vaccines Potential
at the right place in the stockouts

right time

Vaccines are potent and
have not been impacted

bv t t Potential
y em_pera ure damaged
excursions
May not Wastage
Resources are used achieve
efficiently s
conversion

Temperature monitoring: detects excursions and can help avoid future excursions
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Principles and
considerations for adding

Temperature sensitivity of vaccines e
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Note: This graphic illustrates relative sensitivity across antigens, as the same type of vaccine from different manufacturers may have
different vaccine vial monitors (VVMs). For more information, see — Section 3.3.4.

°

/.\ I e I I I t I I I le Principles and considerations for adding a vaccine to a national immunization programme FROM DECISION TO IMPLEMENTATION AND MONITORING
) http://apps.who.int/iris/bitstream/10665/111548/1/9789241506892_eng.pdf?ua=1
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Currently heat excursions are easier to detect
than freezing if VVM is applied

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?”

Only 11 % of facilities pack

Too cold === i : P
- Em® freeze indicators with deliveries
v 2 L :
6 of freeze-sensitive vaccines
Harder R R
»” Example of 7 : :
tO deteCt Freeze indicators Shake test. Source WHO
°
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Live attenuated influenza vaccine lacks effectiveness due to
high temperature exposure in US distribution

No VVM used in US
Ineffective influenza vaccine administered to children

accine 34 (2016) 5066-5072
Contents lists available at ScienceDirect x
accine
Vaccine is
journal homepage: www.elsevier.com/locate/vaccine AN
Association of vaccine handling conditions with effectiveness of live \l)mgs_\m
attenuated influenza vaccine against HIN1pdmOQ9 viruses in the United

States

Herve Caspard *, Kathleen L. Coelingh !, Raburn M. Mallory, Christopher S. Ambrose

Medimmune, One Medimmune Way, Gaithersburg, MD 20878, USA

Conclusions: This study showed that the lack of vaccine effectiveness
observed with LAIV in the US against HIN1pdmO09 viruses was
associated with exposure of some LAIV lots to temperatures above
recommended storage conditions during US distribution, and is likely
explained by the increased susceptibility of the A/California/7/2009
(HIN1pdmQ9) LAIV strain to thermal degradation.

Vaccine. 2016 Sep 30;34(42):5066-72. doi: 10.1016/j.vaccine.2016.08.079. Epub 2016 Sep 6
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Examples and main use of WHO recommended temperature monitoring devices for storage and transportation of vaccines

Int. Primary In-country Intermediate In-country

transport store transport store transport Service level

Device

Electronic
temperature
monitor with LCD
screen

Vaccine cold == v
chain monitor . =

Vaccine vial
monitor

Freeze indicator

Multi-channel
computerized
temperature

recording sys.

Electronic
refrigerator
temperature
logger

Downloadable
electronic
temperature data

logger
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Monitoring heat exposure using vaccine vial monitors

Vaccine vial monitors (VVMs)

*  Only temperature monitoring devices that routinely accompany
vaccines through the entire supply chain :

* Applied by vaccine manufacturers &

* VVMs record cumulative heat exposure through a gradual color
change

* Ifthe color of the inner square is the same or darker than the outer
circle, the vaccine should be discarded

* VVMs do not record exposure to freezing temperatures

Figure 2. Vaccine vial monitor colour change sequence and interpretation @) unicef@ FE

Cumulative heat exposure

VWM start colour Discard point

VVM start colour of the square is never snow-white, it always
has a bluish-grey tinge. From then on, until the temperature
and/or duration of heat reaches a level known to degrade the
vaccine beyond acceptable limits, the inner square remains
lighter than the outer circle.

Beyond discard point.
[ Saquarecolourisdarker ——>
than the outer circle.

00 NOT USE THIS VACCINE
USE THIS VACCINE INFORM YOUR SUPERVISOR
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- 3. Routine temperature monitoring

Monitoring international vaccine shipments
I

Cold chain monitor (CCM) cards

* Only used for international shipment of OPV packed with dry ice

*  Cumulative exposure to temperatures up to +34°C is indicated by
blue staining along the length of the white indicator strip marked
A, B, C.

* Exposure to a single event above +34°C is indicated by blue
staining of the white dot in section D of the indicator

* Shipping details s are recorded on the card itself by the
manufacturer at the point of dispatch and by the receiving store
at the point of arrival

Figure 3. Cold chain monitor card

Whln a vaccine ent arrives lro the vaccine manufacturer,
use the Cold Ch M nitor index reading to complete the Vaccine . . . .
A"i Vaccine Cold Chain Monitor shipment record
O shipment record: Date in Index Location Date out Index
X Y—, A B C andjor DD
the roce '\ﬂ
Th l 7 h ine d I 10 l lh Vaccine Arrival Report.

If windows A, B, C & D are all white, use vaccines normally.

If the windows A Cuu mpmlybl blwldwo
still white lm moa e thex

ine has exposed 10 —
bt sboye 0% Chu oy e
folowing number of doys NOEXINDICEU 10°C
INDEX Guree
| AB ABC g C
Ata temperature of 12° C | 3days | Bdays | 14 days ASES

At atemperature of 21° C | 2days | 6days | 11days LA B G )
If the window D is blue this means that the vaccine has bee Rt et |
mu-dwmgmlprmn-unwmnmm han 34°C for a ral polio vi il T VAT
Meas! i BEFORE USE
mumnlmmmmm within three monthss is. el "
S ghnocl guide The guldance ahouk] iy e olanad i e
‘vaccine expiry date will not be reached during the 3 month BCG, Hib freas aiod,
meningits

-WMI on the vaccine show that tha vaccine is still good.
of heat-exposed vaccine is allowed by local cold chain

= SUPPLIER

& distributed by Berlinger Rasaioar
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- 3. Routine temperature monitorina -

HOW TO MONITOR TEMPERATURES

Monitoring international vaccine shipments

Electronic shipping indicators /
* Record the temperature at time intervals of 10 minutes or less \_—
for up to 20 days
* They have digital displays and pre-set alarm thresholds to - | l)U*
reflect the heat and/or freeze sensitivity of the vaccine being
shipped @5z el EM
* Some brands are able to download the temperature data to a
computer.

Figure 4. Electronic shipping indicators
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3. Routine temperature monitoring

Monitoring in primaryg and subnational stores

Programmable electronic temperature and event logger systems — best option for
primary and subnational stores

/=) Temptime
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Temperature sensors should be placed in every cold room, freezer room, vaccine refrigerator or vaccine
freezer in the store and directly linked to a central computer-based monitoring point via wired or wireless
connections

Central data storage allows temperature records to be analyzed electronically, and the system can be
configured to produce periodic reports

Systems can also be configured with sensors which monitor door openings as well as other performance
characteristics such as relative humidity and voltage fluctuations

Can also be equipped with local audible alarms and/or alarm strobes and configured to send alerts to
responsible staff via auto-dialer, email and SMS

Internet or intranet connectivity options are also available; these allow for remote monitoring and alarm
reporting from multiple sites on a national basis.

ic of a progr electronic pi and event logger system

10



3. Routine temperature monitoring

Remote temperature monitoring devices

Temperature monitoring devices
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- 3. Routine temperature monitoring

and health facilities

Monitoring in small subnational and district stores

e Stores typically have one or more vaccine refrigerators and maybe a

vaccine freezer

* Health facilities are often with a single vaccine refrigerator
* The table below sets out the options in order of preference

Table 5. Temperature monitoring options in smaller stores and health facilities

Option
Option A: Best practice

Vaccine refrigerator

e 30-day electronic temperature recorder
(also referred to as 30 DTR]

e Stem thermometer backup

e |ntegrated digital thermometer or gas/
vapour pressure-dial thermometer
| Vaccine vial monitors [VVMs]
OptionB e Stem thermometer
e Electronic freeze indicator
¢ Integrated digital thermometer

e VVMs

Vaccine freezer [if available)
e Stem thermometer

¢ |Integrated digital thermometer or gas/
vapour pressure-dial thermometer

e VVMs

¢ Not applicable

e Stem thermometer or bimetallic dial
thermometer alone

e \VWMs

Not recommended

/=) Temptime
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e Not applicable
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3. Routine temperature monitoring

Monitoring in small subnational and district stores
and health facilities

30-day electronic temperature recorders (30 DTRs):

7/ \ ° S -
"/ Tmem'?t'.m? Hedlimaie R SIS MR e

These stand-alone devices are placed with the vaccine load in a vaccine refrigerator

They log the refrigerator temperature at 10-minute intervals or less for 30 consecutive days on a rolling
basis

They also record and display a 30-day history of any heat and freeze alarm violations that have occurred
Alarms are triggered if the temperature in the refrigerator drops to -0.5°C or below for 60 minutes or if it
exceeds +8°C for a continuous period of 10 hours

As long as the temperature has remained within the recommended range, the device displays OK or a tick
symbol

On newer models, data can also be downloaded to a computer via a USB (universal serial bus) interface.
30 DTRs are not designed to be used in vaccine freezers

Figure 7. 30-day electronic temperature recorders

Fridge-tag2™ with USB* LogTag® vaxtag®
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3. Routine temperature monitoring

Monitoring in small subnational and district stores
and health facilities

Electronic freeze indicators

These are small digital devices that are placed with freeze-sensitive vaccines during transport or storage

The devices have a visual indicator that shows whether the vaccine has been exposed to freezing
temperatures

Once the alarm indicator is triggered, the device is no longer usable and should be discarded. Otherwise

the device can be used until the built-in battery expires. These stand-alone devices are placed with the
vaccine load in a vaccine refrigerator

Figure 8. Electronic freeze indicators

Q-tag® Quad Q-tag® Quad

h } s b B
M 2 ALM 1 3
AM2 & AM2 2
ALM3 & ALM3) %
Auu._ ) oo ALM4 o

V] - Dl TaRT V] - p:4
=AM CE Ny X = ce

BAJA00002 02-08-Q1

BAJA00002 02-08-01
UL T T

FreezeAlert™ Q-Tag® Quad

Freeze-tag®
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- 3, Routine temperature monitoring

\YlelplidelgpleRigepiolelgqeinbfaliliz=y  Cold boxes and vaccine

I carriers

Table 6. Temperature monitoring options during transport operations using cold boxes and vaccine carriers

Cold boxes and vaccine carriers
Without freeze-

With freeze-sensitive ” Comments
- sensitive
vaccines
vaccines
Option A: Conditioned All coolant-pack | e The use of electronic freeze indicators depends on the type
Best practice ice-packs types of coolant pack used and the type of vaccine being carried.

These devices must be used whenever freeze-sensitive vaccine

‘ Free%em(.jlcator. * VVMs only is transported with conditioned ice-packs or when warm-
* Vaccine vial monitors water packs are used to protect these vaccines from sub-zero
(VVMs] ambient temperatures. They are not needed when freeze-

sensitive vaccine is transported with cool-water packs, and they
are not required if there are no freeze sensitive vaccines in the

e \\WMs load.

Cool-water packs

Warm-water packs

e Freeze indicator

e \/\VMs
Not Conditioned e Not applicable | e If freeze-sensitive vaccines are transported with
recommended | ice-pocks conditioned ice-packs, there is always a risk of freeze
damage occurring because ice-packs may not have been
* VVMs only conditioned correctly. For this reason it is essential to

include an electronic freeze indicator.

/=) Temptime R
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- 3. Routine temperature monitoring

Mlelplidelgipleqagelpololgqe=Inlsl=lfeldllf=y] Transport by refrigerated vehicle

Table 7. Temperature monitoring options for transport by refrigerated vehicles

Option

Option A:
Best practice

Refrigerated vehicle

e Dashboard-mounted
electronic temperature
recorder with integrated
printer

e \VWMs

e Maobile programmable electronic temperature and event logger systems®

Comments

can be installed in refrigerated vehicles. These are equivalent to the event
logger systems used for fixed storage locations and have similar functionality
options, including multi-point temperature monitoring and a dashboard-
mounted display and alarm system. The more sophisticated models can
be integrated with Internet- or intranet-based vehicle tracking and remote
monitoring, including SMS event alerts and local wireless area data retrieval.

Option B

e Data logger or electronic
temperature recorder

e \/WMs

One or more user programmable temperature loggers can be packed with
the load, and the temperature history can be downloaded at the end of the
trip. This option can provide a continuous temperature and alarm record for
traceability purposes but cannot alert the driver if a temperature excursion
occurs.

OptionC

¢ Dashboard-mounted digital
thermometer manually
recorded hourly

e Freeze indicator
e VWMs

A dashboard-mounted digital thermometer does not provide a continuous
temperature record for traceahility purposes and the driver may not notice
if a temperature excursion occurs. Moreover, the thermometer sensor only
monitors temperatures at a single point in a compartment with a volume of
many cubic metres. Traceability relies entirely on checking and recording the
freeze indicator and VVM status at the point of delivery. Manually recording
temperatures at regular intervals is a possibility; however, this can only be
done in a safe and reliable manner if the driver is accompanied by a member
of the EPI team.

Not
recommended

e Freeze indicator alone
e \\WMs

e The driver has no knowledge of the load temperatures over the course of the

journey, and traceability relies entirely on checking and recording the freeze
indicator and VVM status at the point of delivery.

/a) Temptime
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Transcan Sentinel with thermal printer

Figure 10. Cab-mounted display and printer unit
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- 5. Temperature monitoring and mapping studies

Devices used for study purposes

User programmable temperature loggers

* The principal tool for conducting cold chain temperature monitoring studies, for transport route profiling
and for temperature mapping in cold rooms, freezer rooms and refrigerated vehicles

*  Currently prequalified models are affordable and user-friendly and can be used several times

* The user can define alarm thresholds, set the frequency of temperature recordings and programme start
and stop times

* Atthe end of the study, data can be downloaded to a computer for analysis

*  Most models have built-in batteries (when the battery expires the device is discarded); others have
replaceable batteries and can be reused

Figure 11. User programmable temperature loggers

Libero CB Libero Cl

LogTag® TRIX 8 Sensitech TT4 USB Multi-Alarm DeltaTrak FlashLink.USB certified data logger

/o Temptime o b ol
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Many resources available

PQS devices catalogue WHO Technical;

Report Series, n0.961

Model guidance for
storage and transport
Guidelines on of time and
e international packaging SER
el temperature-sensitive
pharmaceutical

products,

(&3]

EVM.

User guida for the EVM Model
Standard Operating Procadures

N oo EPELA e-

I Effective Vaccine Store e —r

Mg i Pharmaceutical ‘

Modules 1-4 . I
il | f Cold Chain ‘
Management

course

Generic Preferred Product
Profile for Vaccines

T
3 (251 chain 2 The vaccine

cold chain

Recomsenditon

About this module....

/\ o \ttp.// int/i zation) : . en)
\./ -II;?E/Ii?g Gltl)tb!llI-|n:|altehTM http://epela.net/epela_web/introduction.html



Immunization supply chain system

Backbone of national immunization programmes N

Manufacturer
Ordering M/
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m Vaccine Arrival
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Challenges in the immunization supply chain

Vaccine Arrival Vaccine Arrival
Frequency and quantities are increasing Vaccine volume beginning to exceed management capacity

Storage Capacity
More and new vaccines fill limited space tial but costly and not prioritize

=
o

Yo S ‘Ice covered fl
~ = 3 ] the cold room
/ f— N - Bertrand - Source: Andrew Garnét (ndependent)

Source: Serge Ganivet (WHO)
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Challenges in the immunization supply chain

Maintenance Distribution
Cold chain equipment requires regular maintenance In-country transport is the weakest link in the supply chain

|

|

Cold room door
no longer closing

lack of spare parts and
technical ability to
maintain equipment

Source: Dereje Haile (UNICEF)

k f ] ‘ il - Source: Serge Ganivet (WHO)
Distribution

Getting more vaccines to remote communities is difficult Infrastructure

Ancient and inefficient equipment is still used at health center level

] K

/ Source: Dereje Haile (UNICEF)

[ |
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Source: Simona Zipursky (WHO)
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Challenges in the immunization supply chain

Human resources
The supply chain extends all the way to service delivery

New vaccines means
health workers need to
carry more and more
supplies

Vaccine Management
Use of expired and poorly stored vaccines is a concern

Expired vaccines still
being administered in
October 2010

/ Y . Source: Diana Chang-Blanc (WHO)

[ ]
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Vaccine Management
Avoidable wastage is widespread

VVM is great innovation...
... but makes the amount of damaged
vaccines visible from poor vaccine

management

Waste Management
More and more syringes to dispose of safely

B. Schreiber — Technet — Thailand 2015




Challenges in the immunization supply chain

Information Systems
Point of service data could help improve forecasts

of getting timm

tion of vaccine |
rer levels to

orecasting of needs |

/a) Temptime
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Source: Aya Kouame (independent)
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No. of Vaccine Introductions

100
62 62
N
2000-2005
HepB/Hib/YF
4
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Growing concerns

Accelerating pace of vaccine introductions

202

140

2006-2010
MenA/MSD/PCV/Rota

343

141

2011-2013
PCV/Rota/HPV

570

W Total number of
vaccine introductions

Cumulative vaccine

introductions since
227
2000

2014-2015
HPV/Rubella/JE/IPV

Source: WHO

R. Steinglass — Technet — Thailand 2015
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Concern

More storage space required for new vaccines

Volume of vaccine per fully immunized child*

Pentavalent

Pneumococcal (1= generation)

2004 +41 cm3 2009 +41 em3 5501244
=69 cm3 =110 cm3
HPV +45 cm3
Biisic EPI6 vadcinga Rotavirus (1st generation) =311 cm3
e S8 2011 +156 cm3
=25cm
=266 cm3 IPV +16 cm3
=327 cm3
- - « Important increase in
s vaccine volume per FIC
, since 2000
’n\;. | .
Bk * SAGE recommendations
for vaccine introduction
L speak volumes
5 * volume also ed for 0se, Tetanus, Yellow-Fever, Meningitis A, JE and vaccines provided during campaigns.
Source: WHO/UNICEF

** Illustrative. Based on 1 dose vial vaccine presentations and first generation of vaccines

/=) Temptime
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Concern
Availability of existing vaccines

National Vaccine Stockouts — 194 countries

55-65 countries with

25
chronic shortage
20 - ~ 45 - 50% of LLMICs
w
9
T 15 .
g ® Low income
..“g ® Lower middle income
20 % Upper middle income
g ® High income
2
5 !
2010 2011 2012 2013
. Source: WHO (2015)
/a) 1emptime
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Concern
Basic vaccine management

EVM Assessment Findings in 70 Countries

Storage Capacity

43%

Temperature control

Maintenance Systems

Distribution and Transport

Stock Management

Vaccine Management Policies

Data for Management

0% 20% 40% 60% 80% 100%
Source: WHO (2015) % of Countries achieving the mininmum standard recommended for EVM

R

/=) Temptime
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Growing concerns
New realities for today and the future

Immunization supply chains are having to manage

2015 W 2020

| bbbodboboo More doses
6606660 O

to fully store, handle
vaccinate a 6044404 and
child 66666 646 transport

1

Increasing cold
chain storage

More value at . . i . Greater
risk in the co!d . i i . i il:lventory at
TS
Z») Temptime ,
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Immunization supply chain and logistics
A Call to Action

IMMUNIZATION SUPPLY CHAIN
AND LOGISTICS

The “Call to Action” Recommendations

Firstly for National Immunization Programmes

1. Measure, monitor, and evaluate the health of the iSCL system F—
* Implement routine information systems to assess
performance for availability, quality, and cost
* Apply the Effective Vaccine Management (EVM) tool and
improvement process to assess the state of supply systems
and prioritize improvements

2. Plan and implement improvements
* Based on EVM assessments, and strengthened monitoring,
prepare and implement costed improvement plans that
address system weaknesses
* Introduce supply chain innovations that produce increased
visibility and flexibility to manage future changes in iSCL
systems

/l\ Temptl me http://www.who.int/immunization/call-to-action ipac-iscl.pdf 79
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Immunization supply chain and logistics
A Call to Action

The “Call to Action” Recommendations

Secondly for the Global Community of Partners

1. Increase awareness and investment
* (all attention to the complexities of immunization supply chains, culminating in
the need to support SC systems with increased funding to invest in the vital
elements of EPI programmes: people and data as well as infrastructure

2. Address SC systems when formulating immunization recommendations
* Factor in the best available field evidence on implementation and ISCL system
performance when formulating policy recommendations

3. Harmonize SC systems
* In the context of a broader Health System, take more deliberate advantage of new
vaccination initiatives to build upon and strengthen an integrated SC systems

4. Identify & resolve knowledge gaps to accelerate learning & adoption of
new solutions
* Need for further evidence on effectiveness of supply chain innovations. The
global community of partners must highlight SC knowledge gaps, commission
comparative studies of potential solutions, and accelerate the spread of proven
approaches

/=) Temptime
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— Casestudy - Turkey
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Integrated Health Information System
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Immunization supply chain

Province

Central Public Health District Public Service delivery sites
Health Center

vaccine store Directorate

g
L

Ministryof Health

AN AN T

# of trucks: 9 # of transfer vehicle: 114
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Using Barcodes for
Managing Vaccines Stocks

PUBLIC HEALTH INSTUTITE OF TURKEY
DEPARTMENT OF VACCINES PREVENTABLE DISEASES

Dr. Ahmet Ozlu
Dr Osman Erkan Say
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Applied 2D barcodes - Examples

Parcel

Intanris PV Hib 1081
il )
————

Package

£ n-"u
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Primary Package
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2D barcode reading — who uses it?

store,

# of trucks: 7 # of transfer vehicle:81
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Vaccine Information System (Asi-net)
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Integrated Health Information System
o

Temperature
e-health Telemedicine Control

Vaccine
Information

stem (A§| ne
Management
= YW N & Decision
4 — Ay Family _ Support |
Medicine SYstem (KDS) / Hospital
Information Information
System (AHBS) System (HBS)
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Impact & benefits of using 2D barcodes

« Patient safety and immunization
surveillance

— Prevent vaccine administration errors

— Match individual immunization data & vaccine
product information

— Matching vaccine & the cold chain monitoring

— Respond quickly to safety concerns
* Locate persons vaccinated with a specific lot
* Improved management of recalled lots.

\/ Improving-GIobaI Health™
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Impact of 2D barcode in vaccines -Ii

« Stock management
— Prevent stock management errors
— Estimate needs and take appropriate actions
— Prevent stock-outs
— Expiry date warnings — reduce/prevent wastage

— Real time tracking of Stock at each level (Wastage,
Stock Balance and Demands)

— Stock level by lot and expiry date at each supply level
— Optimize the cost of stocks

« Save the time on producing documents
* Improve reporting and statistics

/=) Temptime
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ATS OVERVIEW
(VTS-Vaccine Tracing System )

VACCINE TRACKING SYSTEM (ATS)

TELEMETRY
SYSTEM
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INCENTIVES

*Evidence based assured vaccine quality
-Linkage vaccine information to child

Linkage immunization information to Health-Net
*Preventive alert system- Flagging-documenting cold chain
performance

*Reduce wastage
*Easy inventory and temperature monitoring

*Determine some topics to work on;
*Optimization of logistics
*Reducing costs
*Feedback based optimization
«Simulation modules;
disaster, outbreak, new vaccine implementation
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ATS - INVENTORY TRACKING
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CALL CENTER

— 7124 functioning

—Alarms sent to call center system

—Risk assestment — procsess (Written procedures under development),
—RIsk management: Direct advise & Additional expertise involved

— response time 10 minutes “monitoring system-software module”
—Multi level notification

SYSTEM MANAGEMENT

& Administers, consultants and engineers gather at least once a
week

@ Discuss user habits, critics and suggestions, forthcoming issues

@ Analysis the system by the automated reports

& Check the progress of the project

@ Feedbacks from users and call center

@ Refine the system

@ Define time table for next levels

@ Brain storm of new options 14
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INCENTIVES

*Evidence based assured vaccine quality
*Linkage vaccine information to child

*Linkage immunization information to Health-Net
*Preventive alert system- Flagging-documenting cold chain
performance

*Reduce wastage
*Easy inventory and temperature monitoring

*Determine some topics to work on;
*Optimization of logistics
*Reducing costs
*Feedback based optimization
*Simulation modules;
disaster, outbreak, new vaccine implementation
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MAIN IMPACTS

-Awarness of importance about cold chain
*\/accine store improvements
«importance of SOPs (Standart Operating Procedures)

Enhenced stock management

(expiration date based transportation & usage)
*Fixing & repairing vaccine stores/refrigirators
-Prevention of long term temperature tarcking device alarms
-Decision making algorithm

*Need of mathematical Modelling
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UNICEF elearning course
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