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EVIDENCE BRIEF

Cold room temperature  
mapping studies 

A cold room temperature mapping 
study establishes the temperature 
distribution in cold rooms – the largest 
vaccine storage equipment within a 
country’s cold chain, generally used at 
central or subnational levels to store 
large quantities of vaccines. As stated 
in the WHO Vaccine Management 
Handbook, in “How to monitor 
temperatures in the vaccine supply 
chain” [1], countries should not accept a 
new cold room or freezer room from an 
installer until it has been fully mapped 
as part of the commissioning procedure. 
Furthermore, vaccines should not be 
stored in the room until the temperature 
mapping exercise has been completed and the results have been analysed to identify and address 
performance gaps.  Cold room mapping is also valuable for existing cold rooms after a major 
repair, or for compliance control.

Data collected in a temperature mapping study can provide evidence of whether vaccines can be 
stored safely in the equipment according to the WHO recommended range of temperatures; the 
mapping study can also provide valuable information to guide the setup of sensors for a routine 
temperature monitoring system (e.g. the number and locations of sensors in the cold room) 

This evidence brief provides supply chain managers in low- and middle-income countries with 
examples of results of temperature mapping studies conducted in an existing cold room to control 
compliance, and in two newly-installed cold rooms where performance gaps were identified and 
addressed before vaccine was stored.

Cold rooms at central level where large quantities of costly vaccines are stored
Credit: Adama Sawadogo

The need for a temperature mapping study of cold rooms
Ensuring that all areas of a cold room are maintaining 
optimal temperatures for vaccine storage is critical to 
prevent exposure of vaccines to temperatures outside  
the recommended range. 

The WHO technical supplement on temperature 
mapping of storage areas [2] establishes requirements 
for mapping the storage and transport of time- and 
temperature-sensitive pharmaceutical products (TTSPPs), 
including vaccines. These requirements include:
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 + All new temperature-controlled storage areas must be 
temperature-mapped as part of a fully documented 
verification process, before the installation is 
commissioned and handed over by the installer. Until 
this has been done, it is not safe to store TTSPPs in 
such storage areas. 

 + Subsequent mapping exercises must also be 
carried out on a periodic basis – for example, every 
three years – in order to demonstrate continuing 
compliance. Mapping should also be carried out 
whenever significant modifications are made to the 

1 Mean kinetic temperature (MKT) is a simplified way of expressing the overall effect of temperature fluctuations during storage or transit of 
perishable goods. MKT is widely used in the pharmaceutical industry. 

storage facility. Examples include changes in the 
pattern of use that may increase loading or affect air 
circulation, or changes to the refrigeration equipment, 
such as an alteration to the set point. It may be 
necessary to do a remapping exercise whenever 
an analysis of temperature or humidity monitoring 
records shows unexplained variability outside the 
normal operating limits.

 + All mapping exercises should be fully documented to 
demonstrate compliance to management, clients and 
the regulatory authorities.

Implementation of the mapping study 
The WHO technical supplement on temperature mapping 
of storage areas [2] outlines guidance for conducting 
a temperature mapping study in a storage area. In the 
field, implementing cold room mapping is a relatively 
new activity in immunization programmes in low- and 
middle-income countries. Effective Vaccine Management 
assessments completed in 87 countries across all six 
WHO regions from 2010 to 2015 [3] show that only 31% 
of countries completed a temperature mapping study at 
the central level and 19% at subnational levels.

Different tools are available to implement a temperature 
mapping study in the cold-chain equipment; however, 
many are expensive and require experienced staff for 
their use. The WHO-UNICEF Immunization Supply Chain 
and Logistics Hub (WHO-UNICEF Hub) has undertaken 
the development of a step-by-step temperature mapping 
guide and software to provide countries with a tool to 
perform mapping studies of their cold-chain equipment 
[4]. The tool has been piloted, adjusted and fine-tuned, 
based on field tests and feedback. 

The four major steps in this mapping tool [4] involve: 

1. Deciding when to perform temperature mapping.
2. Placing an appropriate number of sensors in different 

areas – particularly areas that may go above or below 
the specified safe temperature ranges – and record 
the temperatures, on a specified interval, continuously 
for a period of at least 48 hours.  
The tool guidance document [3] recommends 
placing:

 + 12 sensors (numbered 1 to 12) in fixed positions 
(in four corners and at three levels as illustrated in 
the cold room sketch below)

 + up to eight optional sensors (numbered 13 to 20) 
can be placed on the shelves and are generally 
placed wherever there may be some risk zones 
inside the equipment to be temperature mapped;

 + a further sensor (numbered 21) should be placed 
immediately outside the equipment at a mid-
height of the equipment to measure ambient 
temperature.

3. Reading and transferring recorded temperatures 
(minimum, maximum and mean kinetic1) to a three-
dimensional sketch of the storage equipment to 
be temperature mapped, and identifying areas 
where vaccines and thermosensitive pharmaceutical 
products should not be stored.

4. Taking action to reduce the volume and areas where 
vaccines or pharmaceuticals may be at risk.

Sketch of fixed sensors set up  
in a cold room

FIGURE 1 .
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Temperature mapping studies offer solutions
Data collected in a temperature mapping study provide 
essential evidence on whether temperatures in the cold 
room are within the recommended temperature ranges 
to store the vaccines; they can also help to: 

 + determine the best arrangement of the vaccines in a 
cold room; 

 + identify performance gaps of the cold room to be 
addressed; and 

 + inform the setup of sensors for routine monitoring in 
the cold room. 

Below are presented results from three case studies of 
temperature mapping in the cold rooms of a country. 
Case study 1 presents results of the study in an existing 
cold room for compliance control; case studies 2 and 3 
present results of studies in two newly-installed cold 
rooms, before the vaccine is stored. 

Case study 1:  
Temperature mapping study in an existing cold room 

Figure 2 shows an example of the profile of the 
temperature readings measured by two of the 20 
individual sensors (1 and 8) placed in the cold room.  

The temperature readings remain within the 
recommended ranges for vaccines storage (+2℃ to 
+8℃) for the period of the study (~55 hours).

Profile of temperatures measured by sensors 1 and 8  
in the cold room  

F IGURE 2 .
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The MKTs for all locations remain within the 
recommended ranges to store the vaccines  
(+2°C to +8°C). 

The results of the temperature mapping study in this 
cold room show evidence of compliance with the 
recommended range of temperatures (+2℃ to +8℃) 
acceptable to safely store the EPI vaccines.

Case study 2:  
Temperature mapping study in a cold room newly installed   

Figure 4 shows examples of the profiles of temperature 
readings measured by two of the 20 individual sensors 
(3 and 11) placed in the cold room for the period 
of the study (~67 hours). When compared with the 

recommended range for the vaccine storage (+2℃ to 
+8℃) the temperatures measured show a shifted trend, 
as illustrated in the examples below for sensors numbers 
3 and 11.

Mean kinetic temperatures for all 20 sensors in the cold room 
FIGURE 3 .

Profiles of temperatures measured by sensors 3 and 11  
in the cold room during outreach sessions

FIGURE 4

Figure 3 shows the mean kinetic temperature (MKT) profile for all 20 sensors in the cold room. 
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Figure 5 below shows the MKTs for all 20 sensors in the 
cold room.

The graph shows that only the MKT of sensor number 18 
was between +2℃ and +8℃; in the setup of the sensors 
in the cold room, sensor number 18 was one located 

directly facing the operating cooling unit. The MKT for all 
the other sensors in the cold room was found higher than 
8℃; such a temperature distribution in the cold room is 
not acceptable for storing the vaccines. There was thus a 
performance gap that needed to be addressed. 

Mean kinetic temperatures for all 20 sensors in the cold room
FIGURE 5 .

Actions to address the performance gap
The analysis of the results led to the adjustment of the 
refrigeration unit controller settings as follows: the 
controller was set to +2℃ with a differential of 5℃, which 
meant the compressor was programmed to stop when 
the temperature in the cold room was +2℃ and to restart 
when the temperature reached +7℃. The photo to the 
right shows the refrigeration unit and the technician 
reading the guide to adjust the controller settings. 

The temperature mapping was conducted again in the 
cold room after the adjustment of the controller settings. 

Figure 6 below shows the results of the temperature 
mapping study reconducted in the same cold room 
operating under the new controller settings. Adjustment of the refrigeration unit controller settings

Credit: Adama Sawadogo
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Mean kinetic temperatures for all 20 sensors in the cold room  
with the new settings 

F IGURE 6 .

The results of the temperature mapping conducted after 
the adjustment of the controller settings show evidence 
that the temperature distribution (MKT for all 20 sensors 

in the cold room) remained within the recommended 
range (+2°C to +8°C) acceptable for the storage of 
vaccines.

Case study 3:  
Temperature mapping study in another  
cold room newly installed     

Figure 7 shows an example of the profile of the 
temperature readings measured in the newly-installed 
cold room for the period of the study (~48 hours).  

For almost 48 hours, the temperatures measured by 
the 20 sensors in the cold room did not go below 14°C, 

which was entirely outside the recommended ranges 
for the vaccines storage (+2℃ to +8℃) and was not 
acceptable to store vaccines. There was a performance 
gap that needed to be addressed.
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Actions to address the performance gap
The analysis of the study results led to the verification 
of the working status of the refrigeration units and it 
appeared that due to a loose screw in the cooling circuit, 
the refrigerant leaked and the refrigeration unit was no 
longer cooling the cold room.  

The refrigerant was properly refilled and the cooling 
circuit was checked. Figure 8 below shows the defaulting 
unit and the refill of the refrigerant by the technicians. 

Examples of temperature trends measured by 4 sensors  
in the cold room 

FIGURE 7 .

The defaulting unit and the refill of refrigerant
FIGURE 8 .

Credit: Adama Sawadogo (UNICEF) Credit: Adama Sawadogo (UNICEF)
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The temperature mapping was conducted again in the 
cold room after the refilling of the refrigerant

Figure 9 shows the new temperature reading profile of 
sensors 1–4 in the cold room. Figure 10 shows the MKT 
profile after the refilling of the refrigerant.

The temperature mapping after the refilling of the 
refrigerant shows evidence that the temperature 
distribution (MKT for all 20 sensors in the cold room) 
remained within the recommended range (+2°C to +8°C) 
acceptable to store vaccines. 

Temperature trends for sensors 1–4 after the refilling  
of the refrigerant 

F IGURE 9 .

Mean kinetic temperatures for all 20 sensors after the refilling  
of the refrigerant 

F IGURE 10.
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Lessons learned 
 + Cold room mapping is a relatively new concept for EPI 

programmes in low- and middleincome countries and 
the three case studies presented show evidence of its 
importance; 

 + There is a need for more guidance to ensure that 
temperature mapping is performed in every new cold 
room before commissioning and after major repairs in 
existing cold rooms.

 + More user-friendly tools and technologies (e.g. kits) 
that simplify the mapping implementation process will 
help to popularize the temperature mapping study in 
EPI programmes in low- and middleincome countries 
and reduce the reliance on external consultants to 
perform it. 

Conclusion
This evidence brief highlights the importance of cold 
room temperature mapping studies as a best practice 
of monitoring standards to ensure all vaccines are being 
correctly stored to keep their potency and to reduce 

wastage. Temperature mapping studies should be part of 
a regular monitoring process and should be performed 
in new cold rooms before commissioning and after major 
repairs in the storage equipment.



Cold room temperature mapping studies Page 10

RESOURCE 2

RESOURCE 1

Temperature Mapping Studies overview of the  
study report  

 + https://www.pqg.org/shop/index.php?controller=attachment&id_
attachment=33

8 steps to validation/mapping a chamber 

 + http://www.vaisala.com/Vaisala%20Documents/Application%20
notes/LSH-8-Steps-to-Mapping-Validation-Project.pdf

Finding more information
The following resources may be useful when investigating temperature monitoring:

RESOURCE 3

Approach for Performance Qualification of  
Cold Rooms and Chambers – IVT Network 

 + www.ivtnetwork.com/sites/default/files/ 
ApproachPerformance_01.pdf
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Approach for Performance
Qualification of Cold Rooms

and Chambers

Cold storage is a relatively simple cold room that is
commonly used to store material between 2° to 8°C.
Such cold rooms are now available commercially as
walk-in chambers and are used for the storage of critical
pharmaceutical products, samples, and raw materials
where excursions in temperature conditions may affect
the quality of stored material(s) in terms of their appear-
ance (color), consistency, potency, and impurity levels.
Hence it is essential to qualify cold storage chambers
under the worst-case scenarios.

Some pharmaceutical manufacturers perform only In-
stallation Qualification (IQ) and Operational Qualification
(OQ) of cold rooms, but the Performance Qualification (PQ)
is also essential because data-based conclusions should be
arrived at by challenging the system for all the attributes that
may have bearing on the performance of the chamber for
maintaining the desired temperature conditions.

OFFICIAL AND STANDARD 
REFERENCES

USA
21CFR 211.142 and 211.150: Storage and 
Distribution 
USP Chapter 1079: Good Storage and Shipping 
Practices 

“Qualification of cold equipment or stores” - On a
regular basis, qualification procedures should be inde-
pendently conducted on equipment in cold stores to guar-
antee their suitability and proper functioning. The

procedure should demonstrate the temperature profile for
both air and product temperatures when chambers are
empty as well as when loaded. The procedure should also
demonstrate the time taken for temperatures to exceed
the maximum temperature in the event of a power failure.
Qualification should consider thermal fluctuations that
occur during stock replenishment and order removal. The
results of the qualification should demonstrate the ability
of the equipment to maintain the required temperature
range in all areas, defining any zones which should not be
used for storage such as those areas in close proximity to
cooling coils, doors, or cold air streams from equipment
ventilation. The variability of the system can be charac-
terized by using the relative standard deviation. Thermal
monitoring should establish that the system is rugged in
that its temperature profile is consistent and reliable.

Medicines and Healthcare Products Regulatory
Agency (MHRA)
Rules and Guidance for Pharmaceutical Manufacturers
and Distributors 2007, Section IV “Guidance on Whole-
sale Distribution Practice” pg 358:

“Large commercial refrigerators and walk-in cold
rooms should be monitored with an electronic tempera-
ture - recording device that measures load temperature in
one or more locations, depending on the size of the
unit…. Internal air temperature distribution should be
mapped on installation in the empty and full state, and
annually thereafter, under conditions of normal use.”

❖

B Y  F R A N C I S  F E R N A N D E S  A N D  D R . S U B H A S H  P A N D E

/ APPLICATION NOTE

8 Steps to Validating/Mapping a Chamber 

Periodic mapping of conditions within environmental chambers is 
critical for compliance in FDA-regulated applications, where validation 
of conditions such as temperature, and sometimes humidity, is 
mandated.  (1, 2, 3, 4, 5)  This application note recommends some options 
to help meet cGMP requirements for validation projects. Note: we refer 
to probes, sensors, data loggers interchangeably within this application 
note. These are broad guidelines only, and most recommendations are 
based upon using data loggers as the sensing device. 

 Step 1 
Write a plan 

 Step 2 
Check equipment & 
documentation 

 Step 3 
Confirm device operation 

 Step 4 
Set up the data loggers 

 Step 5 
Place the data loggers 

 Step 6 
Periodically check the progress 

 Step 7 
Retrieve and store the data 

 Step 8 
Report the findings 

Validation in 8 Steps

Step 1 
Write a Validation Plan
First, define the objective of the 
validation in writing, creating an 
outline of the methods to be used, 
and list any anticipated barriers.  In 
most cases, these three items will form 
the bulk of the validation protocol. 
Below there are several questions, 
the answers to which will ideally be in 
writing as part of the Validation plan. 

What regulations and  

requirements must you comply with? 

Start with a review of those listed in 
the quality guidelines of the facility 
(i.e. CFRs 210, 211, etc) and scan for 
recent changes or updates.  Although 

many regulatory bodies mandate 
temperature mapping of controlled 
spaces, they do not specify any 
particular method so the onus is 
therefore on us to document and 
provide justification for our mapping 
procedures.

How many data points do you need 

to monitor/map? 

This number will vary based on 
a number of factors, including 
environment, temperature/RH range, 
application, but a typical number of 
units used to map small chambers can 
include:

r� /JOF�	�
��*O�NPTU�DBTFT�UIJT�JT�UIF� 
bare minimum of sample locations 

within a chamber (with the exception 
of very small bench-top applications). 
This comprises two layers of four 
loggers, one near each corner and one 
logger in the center. Or,

r� 'JGUFFO�	��
��UISFF�MBZFST�PG�GPVS�
loggers one near each corner and one 
logger in the center. 

r� 0S�GPVS�PS�àWF�MPHHFST�QFS�TIFMG�

Where will each data logger 

be placed? 

Spacing the loggers in an evenly 
distributed grid is recommended, 
however, it’s also important to monitor 
the worst-case locations within a 
chamber for heat-loss and/or air 
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RESOURCE 4

RESOURCE 6

RESOURCE 5

PQS Catalogue, WHO

A list of WHO-prequalified equipment, including solar-powered 
vaccine refrigerators and freezers, is available in the PQS Devices 
Catalogue, available on the WHO website. 

 + http://apps.who.int/immunization_standards/vaccine_quality/
pqs_catalogue

Cold Chain Country Support Package,  
UNICEF Supply Division 

A website to support UNICEF country offices and procurement 
service partners in strengthening immunization supply chains 
through the procurement of cold chain equipment and services. The 
website provides information on important technical and commercial 
considerations in the planning and procurement phases of cold chain 
implementation projects.

 + www.unicef.org/supply/index_68367.html

Temperature monitoring – technical resources 

This area of the TechNet-21 website is intended to support 
countries with technical resources to adequately design and 
implement/upgrade systematic and effective temperature 
monitoring in their cold chain. It covers 30-Day Temperature 
Recorders (30DTR) and Remote Temperature Monitoring (RTM) 
devices.

 + www.technet-21.org/en/resources

© UNICEF/NYHQ2011-0746/Asselin

Residents lift a solar panel onto the roof of the
Gbandiwlo Health Centre in the village of
Gbandiwlo, in Kailahun District. The solar panel
will power a UNICEF-provided refrigerator.

Cold Chain Support Package

In the context of their respective programmes, UNICEF Country Offices manage a
broad spectrum of supplies with different levels of complexity.

The Cold Chain Support Package (CCSP) provides commercial and technical
information to enable an efficient and effective procurement process for Cold Chain
products and services - thus contributing to the success of immunization
programmes.

This series of Procurement Guidelines consists of the following modules:

1 2

3

4

5

6 7

8 9

Note! Changes and updates to the documents will be made regularly. UNICEF Supply Division (SD) invites comments and
suggestions from users, so that these guidelines will continue to reflect the needs and expectations of countries.

Cold Chain Tools & Resources

Cold Chain equipment discussion forum10

UNICEF Supply Catalogue11

WHO PQS Catalogue12

Cold Chain Weight & Volume Calculator13

Supplies and Logistics
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