
The cold chain 
by John Lloyd 

hile you are next 
shopping in a 
I a r g e s u p e r
market, consider 
the food cold 

chain, from which was born the vac
cine cold chain in the mid-1970s. In 
order to maintain its quality, fresh food 
is refrigerated or frozen from the time 
when it is first stored, through the 
stages of processing, transport and 
distribution to the shops. The quality 
of the food depends on the continuity 
of cooling and on the period of time 
which the distribution process has 
taken. 

We appreciate the quality, but how 
has it been achieved? Is the cold chain 
just a network of cooling equipment? 
Is it just a team of workers trained to 
order and distribute? Is it simply the 
technology of processing and packag
ing? The cold chain is all of these 
things, bound together in a managerial 
system whose objectives and whose 
procedures are clear to everyone 
involved. 

Our experience of the vaccine cold 
chain enables us to consider some of 
the root causes of success and failure 
which we must face in applying the 
concept to other biologicals, perhaps 
including safe blood. 

Things will go wrong! 
When you drive your car into a 

sharp bend, do you imagine meeting a 
vehicle on your side of the road and 
check your position on the road and 
reduce your speed? If so, you are a 
good driver, because you anticipate 
the possibility of an emergency and 
you prepare for it. In the design of the 
vaccine cold chain we anticipate failure 
and prepare for it in a number of ways. 
Here are some examples: 
- Electricity fails frequently in most 
tropical developing countries, and 
even when the failures are few, the 
voltage varies widely according to the 
time of day. The design of refrigeration 
equipment for vaccine storage in this 

Electricity failures often jeopardise the 
cold chain in remote villages. This 
young man has been detailed to ensure 
that a generator keeps the refrigerator 
going. 
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condition differs from that used in 
industrialised countries with temperate 
climates. It is designed to protect 
vaccine when the power fails or is 
inadequate. In the latest equipment 
modified for the cold chain, the cool
ing energy is stored in the icepack 
bank which maintains vaccine storage 
temperatures when the refrigerator 
receives no power. Ordinary domestic 
refrigerators have thin insulation and 
no mass in which to store energy when 
the power is cut, so the temperature 
rises quickly in tropical conditions 
and can easily damage vaccine. This 
is a common cause of failures in the 
cold chain. 
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- When equipment fails, when vaccine 
fails to arrive, when staff become sick, 
the cold chain must continue to func
tion. These emergency procedures are 
included in training, they are planned 
during supervision and they are posted 
on walls in the health centre. Who is 
responsible for the vaccine refrigerator 
when the responsible person is sick? 
Where is the vaccine to be placed 

when the refrigerator stops working? 
What reserve vaccine stock is needed 
to allow for delays in vaccine delivery? 
What vaccines can continue to be 
given when the icepacks have melted? 
Where is the technician who can be 
called when equipment fails? 

Unless emergencies are anticipated, 
they have a habit of expanding out of 
control. If only one problem occurs 
and is dealt with promptly, the cold 
chain is preserved and immunization 
continues uninterrupted. We call this 
ability of the system to survive in spite 
of mishaps, the robustness of the cold 
chain design. The cold chain is 
improved by analysing failures when 
they occur and taking measures to 
prevent a recurrence. 

Inspect: don't expect! 
Or Fakhry Assaad, Director of WHO's 

Division of Communicable Diseases up 
to 1986, and sadly no longer with us, 
frequently offered the advice: "You get 
what you inspect; not what you 
expect." This advice precisely describes 
the cold chain. Inspection begins, in 
the EPI cold chain, with the handling 
of vaccines and with the maintenance 
of equipment. 

Every refrigerator in the cold chain 
contains a thermometer which must be 
checked twice each day. There is 
always the danger of the vaccine being 
exposed to high daytime temperatures 
or low nighttime temperatures. Only by 
inspecting the temperatures regularly 
can one be confident about the sto
rage conditions of the vaccine and 
therefore be sure of the effectiveness 
of immunization. 



Thermometers in each refrigerator are 
checked twice a day to ensure that the 
temperature remains stable and the 
vaccines stay safe; while vaccine 
carriers (right) keep vaccines cool on 
the last lap of their journey to remote 
villages where they are needed. 

This and other cold chain pro
cedures are standardised nationally 
and internationally in the EPI. So the 
quality of vaccine handling, the accu
racy of stock control and most activi
ties in the cold chain can be followed 
easily and supervised effectively. 

Chemical indicators are also used to 
check the adequacy of the cold chain. 
One such cold chain monitor travels 
with every 3,000 doses of vaccine from 
the manufacturer to where they are 
received in the user countries. The 
monitors are also widely used in 
national cold chain studies. 

Inspection of equipment is as impor
tant as inspection of vaccine. Mainte
nance begins with the users of the 
equipment who can prevent faults 
from developing if they understand the 
equipment and know the maintenance 
procedures by heart. Practical training, 
particularly at the time of installation of 
the equipment, is the best way to turn 
knowledge of maintenance into a 
habit. Caring for equipment requires 
discipline but, most important, the 
users must be motivated. 

Motivation is not always sufficient to 
prevent a breakdown. At that time, a 
repair technician is the most needed 
person. But how do you know who to 
call? How do you know that he will be 
able to solve the problem on the spot? 
How will he know what spares to 
bring? Again, the answer is: inspection. 
In successful cold chain systems, the 
repair technicians visit the health 
centres, they keep an inventory of 
equipment models and where they are 
located, and they are trained and 
equipped with the help of WHO to 
carry out repairs on the spot. 

A cold chain for safe blood? 
What are the potentials of the cold 

chain approach for strengthening and 
extending the systems of blood collec
tion, processing and distribution within 
developing countries? Blood must 
be cooled but not frozen, and some 
processed blood components must be 
frozen in storage. The handling of 
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blood and the equipment for storage 
in large hospitals are well established in 
industrialised countries and in the 
largest hospitals of some developing 
countries. How can this technology be 
transferred to more difficult conditions 
- where things will go wrong and 
where supervision is not so strong? 
Here are some suggestions: 
- Establish blood stores in locations 
where continuous electricity supply is 
guaranteed; or specify equipment 
which can continue to maintain cool
ing even when the supply is inter
rupted. 
- Standardise blood handling pro
cedures, defining safe procedures and 
warning against unsafe practices. Plan 
procedures for probable emergencies 
in advance. Managerial and practical 

training will be needed for personnel 
responsible for collecting, storing, pro
cessing and using blood, to enable 
them to plan the safe blood service 
together in detail. 
- Establish a discipline among those 
transporting and storing blood to 
ensure that the temperature is moni
tored frequently and regularly. 
Chemical indicators can be a valuable 
additional check on the standard of 
blood handling. 
- By practical training, motivate 
workers to understand the preventive 
maintenance of equipment during 
installation and daily use, and to 
recognise faults as they develop. 
Identify effective repair services to 
ensure that, where possible, repairs are 
conducted on the spot. • 
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