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Meningococcal polysaccharide vaccine for serogroups A,
C, Wiss, Y

Meningococcal group C conjugate vaccine
Mumps, measles and rubella vaccine

Oral polio vaccine

Primary Care Organisation(s)

Primary Care Trust
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When the cold chain is breached — a risk assessment tool to
help decision-making.

1. Introduction

1.1 In the early days of primary care organisations, (PCOs), many clinical activities
were carried out in primary care without considering the quality of those
activities. Too often, employees were either poorly trained or unaware of the risks
involved in providing services of questionable quality.

1.2 It has never been acceptable to administer vaccines without giving due thought to
the safety and potency of those vaccines. “The Standards for Better Health™",
issued by the Department of Health, sets out the level of quality in seven
domains, or areas, that organisations providing National Health services are
expected to meet. Of the seven domains listed, four directly affect vaccination
and immunisation. They are: safety, clinical and cost effectiveness, governance
and public health.

1.3 Incidents have occurred in the South East London sector where vaccines have
been identified as having been incorrectly stored. Incorrect storage of vaccines will
affect their quality.

1.4 The PCOs in South East London sector are Bromley Primary Care Trust (PCT),
Bexley Care Trust, Greenwich Teaching PCT, Lambeth PCT, Southwark PCT and
Lewisham PCT.

1.5 Representatives from the six primary care organisations and the Health Protection
Unit in the South East London sector met to discuss how to provide consistent
advice when incorrectly stored vaccines were identified. It was agreed that a
Vaccine Incident Working Group would be formed and a paper providing a risk
assessment tool would be drawn up. The members of the Vaccine Incident
Working Group are listed in Appendix A.

1.6 It is intended that the risk assessment tool will be revised in a year’s time to
incorporate any new information that is published in the interim.

2. Background

2.1 Vaccines, in common with all biological products, degrade after manufacture. The
rate of degradation increases as the temperature increases. Each vaccine has
different heat sensitivity .The rate of degradation is different for each individual

: 2a
vaccine.

2.2 To protect the integrity of vaccines in its worldwide programme of immunisation,
the World Health Organisation adopted the concept of the Cold Chain in the
1970s. It was first used in the food industry.’ The Cold Chain is a system of
temperature control where vaccines are stored and transported from the
manufacturer to the patient at the end of the chain, to ensure the vaccines remain
effective.
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Manufacturers of vaccines recommend storage temperatures of between 2°C and
8°C in the vaccines’ Summaries of Product Characteristics (SPCs) *. If vaccines
are not stored between those temperatures, their manufacturers can disclaim
responsibility for any apparent failure of those vaccines.

If the vaccines have not been stored according to the conditions stated in their
SPCs, it does not mean that they immediately lose their potency. The rate of loss
of potency at high temperatures depends on:

e The height of the temperature

e The length of time of exposure

e The age of the vaccine.

The higher the temperature and the longer the time of exposure, the more likely it
is that vaccine potency will be lost™.

Freezing can also destroy some, but not all, vaccines’ potency. > °. Some live
vaccines are most stable at -20°C** 7 .

2.5 Clinical governance requires that all NHS organisations and their employees are

committed to improve continuously the quality of health service for their patients.
How well a vaccination programme is provided is covered by four aspects of
clinical quality® which are defined as:

e professional performance

e resource use (efficiency)

e risk management (the risk of injury associated with the service provided)

e patients’ satisfaction with the service provided.

2.6 The principles of safe and secure handling of medicines for medicines

management require that all medicines are stored and handled appropriately and
that checks are carried out’. Situations may be uncovered where vaccines have
not been stored correctly, as well as situations where such vaccines have been
already administered.

2.7 There are conflicting tensions when healthcare staff encounter vaccines that have

not been stored as recommended in their SPCs.

e Their prime concern should be to ensure that patients receive vaccines that are
safe and effective.

e They also have a duty to themselves and their employers to ensure they and
their employers are not vulnerable to accusations of negligence by using
products outside the terms of their SPCs which may cause harm to patients.

e It is easy to discard all vaccines that have been stored outside the terms of
their SPCs, even if it is for a short time but there is a third responsibility not to
waste scarce NHS resources. Some of these vaccines may be in short supply
and difficult to replace at short notice, for the continuity of a vaccination
programme.

2.8 Directors of Public Health (DPHs), Consultants in Communicable Disease Control

(CCDCs), or Immunisation Co-ordinators face difficult decisions when told that
patients have been vaccinated with vaccines that have been stored inappropriately.
Do they recall patients for revaccination? If they revaccinate, there are



disadvantages such as the risk of adverse reactions from double dosing and the
enormous amount of time and manpower resources required in tracing and
inviting patients back for revaccination. If they do not revaccinate, the patients
may not be protected.

3. Objective and limitations of this paper.

3.1 This risk assessment tool is to be used by South East London sector PCT
pharmacists, DPHs, CCDCs and Immunisation Co-ordinators.

3.2 It aims to enable pharmacists to give consistent advice to employees in clinics or
surgeries when they encounter vaccines that have not been stored as
recommended, and the rationale for the advice.

3.3 It provides DPHs, CCDCs or Immunisation Co-ordinators the means to make risk
assessments when incorrectly stored vaccines have been administered to patients.

3.4 Algorithms, appendices G and H, summarise the processes. The algorithms
provide the key elements which individual PCTs can base their standard
operating procedures on.

3.5 This paper does not deal with how the Cold Chain should be maintained in any
detail; it is dealt with fully else where'®'"". Each PCT should have a vaccine
handling policy in place aimed at employees dealing with vaccines in clinics and
surgeries.

3.6 This paper discusses where pitfalls may lie in interpreting temperature records.
Even using very accurate thermometers, temperature records may not reflect the
true conditions in all parts of the vaccine fridges. It will merely record the
temperature accurately where the thermometer probe is placed.

4. Sources of Information

4.1 The preferred sources of information used to compile the advice in this paper are
the manufacturers of the vaccines, as the information is specific to their products.
Where the information has been obtained from the manufacturer, the brand name
of the vaccine will be specified.

4.2 Unfortunately, there are significant gaps as some manufacturers are reluctant to
share stability data on their vaccines, outside the terms of their SPCs.'? Where
this is the case, and where it is available, information has been obtained from a
review of papers published on vaccine stability. In such cases, the generic names
of the vaccines have been used.

4.3 An assumption has been made, in reviewing the papers, that although the
information may not be specific to brands of vaccines in use in the UK, the data,
based on vaccines which conform to World Health Organisation specifications,
will apply to the vaccines we use in the UK as well.



4.4 Where there is no information listed, the users will need to approach experts for
advice, for example, from the Health Protection Agency or the manufacturer
concerned, with the precise circumstances of their incident.

5. Responsibility for the use of information in this paper

5.1 When the contents of this paper have been agreed by members of the Vaccine
Incident Working Group, each PCT will need to accept formally the advice
within, through their normal routes of ratification.

5.2 The responsibility to use vaccines that have been stored outside the temperatures
stated in the vaccines’ Summaries of Product Characteristics rests with the
individual PCT. The decision to recall or not recall patients for revaccination also
rests with the individual PCTs.

6. How to use this risk assessment tool.

6.1 The tool is divided into three sections:

e Section 7 deals with temperatures reported from clinics and surgeries and their
likely significance.

e Section 8 provides advice on how to handle breaches in the cold chain before
vaccines are given.
Section 8A - breaks in the cold chain where the minimum temperatures are
below 2°C.
Section 8B — breaks in the cold chain where the maximum temperatures are
above 8°C.

e Section 9 provides advice on what to do after vaccines have been administered,
which have not been stored according to their SPCs.

7. Temperatures likely to be reported from clinic and surgery refrigerators and
their probable significance.

7.1 Temperature records from maximum and minimum thermometers only show a
snapshot of temperatures at a particular time. We cannot tell how long a
temperature has been at a particular level.

7.2 In order to be able to make some judgement whether a break in the cold chain is
significant, there must be three types of temperature recorded: the current
temperature, the maximum temperature and the minimum temperatures. The
more readings there are and the more frequently they are taken, the more
meaningful one’s assessment can be. A single set of readings taken in isolation is
often difficult to interpret accurately.

7.3. Appendix B sets out the likely scenarios that might be reported and their probable
significance.



8. BEFORE the vaccines have been administered: Advice to be given if recorded
storage temperatures of vaccines in refrigerators are outside 2°C to 8°C range.
See Appendix G.

Anticipated persons undertaking this responsibility to advise: PCT Pharmacists or
Infection Control Nurses

8A Vaccines that have been stored at minimum temperatures below 2°C

8.1 ADVICE: Vaccines that are reported as having been stored at a minimum
recorded temperature of 1°C can be used. For simplicity and medico-legal
reasons, we would recommend that all vaccines and, if applicable, their diluents
stored at less than 1°C should be discarded.

8.2 RATIONALE: Freezing will render some, though not all, vaccines less potent.
Pure water freezes at 0°C at normal atmospheric pressure. Vaccines in liquid form
contain solutes. Therefore, their freezing points will be depressed to below 0°C.

8.3 The maximum and minimum thermometers used to measure temperatures in the
fridge usually have an accuracy of + 1°C. (This would depend on the
specification of thermometers used locally. Individual PCTs will need to confirm
the accuracy of their thermometers with their own suppliers). At a recorded
temperature of 1°C, the temperature may be 0°C, but vaccines do not freeze at
0°C.

8.4 There is a possibility that when a thermometer registers 0°C, it is in fact -1°C. To
allow for the possible error in the thermometer readings, all vaccines that have
been stored at recorded temperatures of less than 1°C or below should be
discarded. Therefore provided the recorded temperature is not less than 1°C, the
vaccines may be used even if it is outside the recommended 2 - 8°C temperature
band as the shelf life and potency of vaccines that have not been frozen are
unaffected.”

8.5 Diluents of freeze dried vaccines have to be discarded if there is a possibility of
having been frozen. Freezing a liquid causes an expansion in the volume, which
may cause hairline cracks in the containers, leading to possible contamination.
Even if freeze dried vaccines are stable at sub zero temperatures, they cannot be
used if their diluents may have been frozen.

8B Vaccines that have been stored at maximum temperatures above 8°C.

8.6 ADVICE: Contact each manufacturer giving them details of the vaccines
involved, their expiry dates, the temperature and length of time of exposure
outside the cold chain. If it is not possible to be certain of the time of exposure,
give the maximum estimate. The manufacturers will say whether their vaccines
can be used up to their stated expiry dates or not. Discard vaccines or use
according to the manufacturers’ recommendations.

For Statens Serum Institut (SSI), manufacturers of BCG vaccine, see 8.7.



8.7 SSI have given a formula to predict the viability of the BCG vaccine if left in
temperatures above 10°C for short periods. See appendix B for the formula and
the advice given whether the vaccines can be used or not'. If there is any doubt,
contact SSI . (Peter Hubrechts, Manager, QC, TB-Products: PHU@ssi.dk)

8.8 RATIONALE: It is more difficult to be prescriptive about how to treat vaccines
that have been subjected to higher temperatures as there are so many variables to
take into account: which vaccine it is, the remaining shelf life, the temperature
which the vaccine was stored at and the time during which the vaccine was at the
stated temperature. Different vaccines have different stabilities at higher
temperatures. See Appendix F (i)™, F(ii)*, F(iii)'®, F(iv)>.

8.9 Manufacturers are usually willing to say whether their vaccines have been
affected sufficiently to be used or not. The excursion outside the cold chain
conditions may be not be significant in which case they will recommend that the
containers of the affected vaccines be marked to identify them and that the
vaccines can be used until the expiry date. If another break in the Cold Chain
occurs to the marked vaccines, they should then be discarded. If the conditions
are sufficiently significant during the first excursion from the cold chain, they
will recommend that the vaccines should not be used and to be discarded.

8.10 By contacting the manufacturers for advice, employees are protected from the
charge of using products outside their SPCs negligently.

9. AFTER administration of incorrectly stored vaccines.

See Appendix H for suggested course of action.
Anticipated persons undertaking this responsibility: An incident team comprising
members of the PCT such as the DPH, the CCDC, the Immunisation Co-
ordinator, CSP, and a practice or locality manager.

9.1 When vaccines that have been stored outside their SPCs are administered, there
are four possible options:

e Option 1 —to do nothing. It may be argued that this is unprofessional, counter
to the principles of clinical governance and could lay NHS organisations and
their employees liable to medico-legal consequences. However, in the case of
BCG vaccine, SSI recommend that course because revaccination is not
recommended by the World Health Organisation and because of the possibility
of higher risks of adverse reactions on revaccinating.'®

e Option 2 — to recall all patients for revaccination. It may have to be done even
though this option carries the many drawbacks mentioned in section 2.8, as
well as reducing public confidence in vaccine programmes.

e Option 3 — Recall all affected patients and test their blood for antibodies. If
there are insufficient antibodies, then revaccinate. A disadvantage of this
option is that measurement of antibodies may not be a reliable indicator of
protection for all vaccines.

e Option 4 — to assess the risk of having given inactive vaccines. Revaccination
can be targeted in patients where it is needed. The disadvantage of this is that
there is very little published data to support the decision making process.
Where there is no information, expert opinion may have to be called upon.



9.2 To determine whether a particular exposed batch of vaccine is potent can only be
done through laboratory testing which can take several months to obtain results.
To do so is impractical at PCT level. Vaccine companies do not offer this
service.

9.3 There is no published stability data for the newer multivalent vaccines used in the
primary childhood vaccinations. It is recommended that the manufacturer is
contacted for information. The Health Protection Agency may also be asked for
advice. Caution should be exercised in using one of the constituent vaccines as a
marker because the physical and immunogenic characteristics of the multivalent
vaccine may be very different from the monovalent one.? *°

9.4 The freezing points and its effect on potency of some commonly used vaccines
where known, are listed in Appendix D. The information, drawn from Galazka et
al ? unless otherwise indicated, may be used to assist decisions whether to
revaccinate or not. The list of vaccines included is not comprehensive.
Manufacturers of the vaccines not listed will have to be asked for their advice,
with details of individual circumstances.

9.5 It has been suggested that vaccines degrade in a manner following Arrhenius
kinetics'”®. Theoretically it ought to be possible to calculate the rate of
degradation of a given vaccine if one knew the temperature of exposure and the
remaining shelf life using Arrhenius’s equation. Unfortunately, manufacturers are
unable to confirm whether their vaccines degrade following Arrhenius kinetics.
Therefore it is not possible to work out quantitatively the remaining shelf life of a
vaccine.

9.6 The tables provided by Galazka et al* (reproduced here as Appendices F(i) and
F(i1)) and also information given by certain manufacturers (Appendices F(iii)"
and F(iv)>) on vaccine stability may be used instead.

9.7 The information provided is necessarily subjective because the residual life of the
vaccine has not been accounted for. It has been shown that the closer some
vaccines are to their expiry date, the more vulnerable they are to degradation on
exposure to high temperatures™. Therefore, for short dated vaccines, the
information in the tables in Appendices F(i), F(ii), F(iii) and F(iv) has to be used
with some caution. DPHs , CCDCs and immunisation co-ordinators will have to
make a judgement or seek expert advice in the case of short dated vaccines
whether those vaccinated are protected.

10. Recording
10.1 An incident must be recorded and reported according to local clinical governance

procedures. Appendix I sets out an example of a vaccine incident form. A serious
untoward incident must be reported to the National Patient Safety Agency.



11. Discussion

11.1 In primary care, we do not work in a refrigerated environment. Vaccines will be
exposed to temperatures above 8°C occasionally. The times when vaccines are
outside the 2°C to 8°C temperature band, for example, when the vaccines are
being packed, when they are being delivered, at the point of delivery and when
the vaccines are being administered, must be kept to a minimum.

11.2 It is recommended that maximum/minimum thermometers are used to monitor
temperatures in a vaccine refrigerator.'’ The drawback of such thermometers is
that they do not measure the length of time of exposure. The temperature may
only be at a certain value for a very short time yet it will still be recorded.

11.3 With a series of maximum, minimum and current temperature readings, a good
assessment can be made for the temperature profile of the place in the refrigerator
where the thermometer probe has been placed. Without the use of time
temperature data loggers which record temperatures at set time intervals, it is
impossible to know for certain how long a fridge has been at a particular
temperature.

11.4 A break in the cold chain for several hours will not affect vaccine quality as
much as storing vaccine for long periods of time in a refrigerator that was too
small or in a domestic refrigerator which is not designed to have as tight a
temperature control as a vaccine fridge.

11.5 The manner which contents are packed into a refrigerator is extremely important.
Appendix E shows a graph demonstrating the difference in temperatures between
the top of an Electrolux vaccine fridge and the bottom when a delivery was
accepted and the fridge was packed to capacity. If the thermometer probe was
placed at the top of the fridge, the readings would not show there was anything
amiss at the bottom of the fridge.

11.6 The only way that maximum/minimum thermometer readings reflect what is
occurring in different parts of a fridge is to enforce rigorously the
recommendations made by Grassby 1% for the storage of vaccines, that is, having
a fridge designed for the purpose, filled to only 50% capacity, allowing gaps for
air to circulate, and to defrost frequently. Failure to do this will result in
temperature layering and the recorded temperatures will not reflect the true
storage conditions in all parts of the refrigerator. Refrigerators should be large
enough to cope with the expected workload of the clinic or surgery. The last
point is particularly important during the times of high demand such as during the
influenza vaccination season.

11.7 Conversely, if the refrigerator cooling plate is iced up, vaccines will freeze if
placed next to it. The minimum temperature would not show there was a problem
if the probe is in another part of the fridge.

11.8 There have been worrying reports recently that vaccine refrigerators designed to
maintain storage temperatures at 5°C + 3°C are not performing to their
specifications™. Currently, there are no British Standards for vaccine fridges.”



11.9There must be training for all staff who play a part, however small, in the
handling and storage of vaccines, in recognising the importance of the Cold
Chain and its principles. This includes general practice managers who hold
budgets for the purchase of equipment and clerical staff who have been delegated
to record refrigerator temperatures.

12.Conclusion

12.1Clinical governance demands that all NHS organisations and their employees
strive for excellence in their professional performance, with optimum use of
resources and with minimum risk, to provide a service that would ensure
maximum patient satisfaction.

12.2 Better training and increased awareness of risks will increase the number of
reports of incidents of incorrect vaccine storage. Checks carried out on
medicines’ storage and handling may also highlight critical incidents where
potential harm to patients will need to be assessed. Appendices G and H set out
algorithms on how those risks can be managed.

12.3This tool aims to minimise the risks brought about by improper storage and
handling of vaccines. It is far better for patient safety and risk management to
ensure that the vaccines are stored and handled correctly in the first place so that
the patients receive vaccines of the quality their manufacturers intended.
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APPENDIX B: Temperatures likely to be reported from clinic and surgery
refrigerators and their probable significance.

Reported Temperatures in the ranges

Maximum

Current

Minimum

Significance

2°C-8°C

2°C-8°C

2°C-8°C

Ideal storage temperature

> 8°C

2°C-8°C

2°C-8°C

1.If this is a single reading outside the required
temperatures, all the previous readings being normal,
was there a delivery or a vaccination clinic since the last
reading? OK to use if yes

2. If there are series of consecutive maximum
temperature readings which are exactly the same and the
only changes in the maximum readings have been
upwards, the thermometer probably has not been reset
correctly. Check the recorder’s technique. OK to use.

3. Was there a power cut but now the power is back on?
How long was the power cut for? Refer to guidance in
appendices F(I-iv) or contact the manufacturer of
vaccine.

4. If maximum temperatures are all above 8°C but
different from each other, need to call an engineer to
check if the condenser is working correctly.
Alternatively, can use a time/temperature logger to check
the working temperature of the vaccine fridge.

> 8°C

>8°C

> 8°C

>8°C

2°C-8°C

What were the previous readings? If similarly outside the
range but different figures, how long has this been going
on for? Refer to guidance whether vaccines can be used.
Check how the vaccines are packed inside the fridge.
Adjust the fridge thermostat to cooler setting if possible.
If not, refer to fridge engineer. If the fridge thermostat
adjusted, keep a close eye on the minimum temperatures.
When the summer is hot, and the thermostat has been
adjusted to a give a cooler fridge, take care that there is
no overcompensation and the minimum temperature goes
below 0°C. Pay particular attention to seasonal changes
if the thermostat has been adjusted.

Is the fridge placed in an enclosed space in a hot airless
room? The fridge must be sited in an area where air can
circulate around it. Poor circulation of air around a fridge
placed in a hot room will affect its ability to maintain the
internal temperature between 2°C to 8°C

In all these cases, contact the manufacturers of vaccines
for advice.

2°C-8°C

2°C - 8°C

Vaccines OK to use. Adjust thermostat to slightly
warmer setting. Ensure that the maximum temperatures
do not gradually rise to exceed 8§°C

2°C-8°C

2°C-8°C

<1°C

Vaccines to be discarded. If vaccines have been used,
refer to guidance. Thermostat to be adjusted to warmer
setting if possible. If not, refer to engineers.

>8°C

>8°C

<1°C

Vaccines must not be used. If these temperatures have
been recorded while the fridge was working
continuously, call the engineers, the thermostatic control
is probably defective.

>8°C

>8°C

>8°C

Has the fridge been turned off? How long for? Refer to
guidance in Appendices F (i-iv) or contact the
manufacturers of vaccines.
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APPENDIX C"
Evaluation of BCG vaccine SSI stored outside prescribed storage conditions

Based on the study of thermo stability of BCG products conducted at SSI for WHO in
1981 (WHO/TB/81.118) and on results from routine stability studies, including one
month survival following exposure to 37°C, a relationship between storage
temperature and time has been established. This relationship may be used to evaluate
BCG SSI, which have been exposed to short-term storage conditions outside those

prescribed for the product.

The evaluation is based on the fact that product viability decreases exponentially with
time. This can be expressed by the formula:

N, =Npx e , N, is the number of colony forming units at time point t
Ny is the number of colony forming units at time point t=0
A is decline rate
tis time

Decline rate depends on the storage temperature and is constant only when a short
time frame is used.
There is a linear relationship between log of A values and time. The following

relationship is valid for A values at temperatures between 4°C and 40°C:
2=0.0001 x ]00'0437XT+ 2.308 , T'is the temperature in Celsius

This formula gives the decline rate suitable for storage times in months. Most often
the storage conditions under evaluation are shorter than one month. In order to
evaluate consequences of storage in days one must divide the number of days with the

duration of an average month. 30.5 days is used as a value for an average month.

In the table below is listed survival percentages calculated from the formulas above

for some of the most relevant temperatures and time frames:

Temperature Time frame
°C 1 day 2 days 3 days 7 days 14 days 21 days 1 month
10 100 99 99 98 96 94 92
12 100 99 99 98 95 93 90
15 100 99 99 97 94 90 86
20 99 98 98 95 90 85 79
25 99 97 96 91 83 76 67
30 98 96 94 86 74 64 52
35 96 93 90 78 61 47 34
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Survival is additive when short time frames are considered which allow for the
evaluation of exposure to several different temperatures.

If a vaccine has been exposed to ’condition 1” resulting in a survival percentage of 95
and to ’condition 2” resulting in survival percentage of 97. The overall survival would
be 95% x 97% = 92%

When evaluating use of a vaccine stored outside the prescribed storage condition one
should ascertain that the efficacy of the vaccine has not been compromised. To ensure
this, survival percentages should be above 85%. Vaccines that are within three months

of the end of shelf life should not be used when survival is less than 99%.

We wish to emphasise that long-term stability following exposure to adverse
temperature conditions has not been studied and that it is therefore imperative to use

the vials in question relatively shortly after the exposure.

QC, TB products
Statens Serum Institut
Denmark
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APPENDIX D

Freezing Points of commonly used vaccines in UK

The information is obtained from Galazka” unless otherwise indicated

This table is to be used only to assess risk after vaccines have been administered, not
to assess risk of whether vaccines can be used or not.

Vaccine Freezing point Significance
Adsorbed DTP Between -5°C and - | Freezing can cause irreversible physical
(Discontinued) 10°C>. At the moment | changes which is the basis of the ‘shake test*.’
of solidification, the The ‘shake test’ normally indicates if a vaccine
temperature of the has previously been frozen but not all
frozen vaccine rises to | previously frozen vaccine may exhibit physical
-0.5°C, the scientific changes seen with the shake test’. Freezing can
freezing point.* reduce pertussis potency®. Freezing to —5°C to -
10°C did not affect tetanus toxoid or diphtheria
potency while freezing to
-30°C saw a significant reduction in tetanus
toxoid potency’. Repeated freezing and
thawing will also reduce potency of tetanus and
diphtheria vaccine.
Adsorbed DTaP/IPV/Hib | Unknown freezing Unknown significance
point
Adsorbed dTaP/IPV Unknown freezing Unknown significance
point
Adsorbed DTaP/IPV Unknown freezing Unknown significance
point
Adsorbed Td/IPV Unknown freezing Unknown significance
point
Adsorbed Hepatitis B -0.5°Cc Hepatitis B vaccine
vaccine Engerix -5°C to -8°C B is purified hepatitis B surface antigen adsorbed

(GSK, personal
communication)"’

onto aluminium salt. Freezing results in
significant or total loss of vaccine
immunogenicity”® 2*.. The shake test may be
performed on Engerix to see if the vaccine has
previously been frozen'.

Hepatitis A vaccine

Unknown freezing
point

Havrix loses its activity on freezing."” For other
brands, unknown significance, contact
manufacturers.

Combined Hepatitis A and
B vaccine

Twinrix freezes at
between-5°C to -8°C
(GSK, personal
communication)"

Freezing Twinrix results in inactivity of
vaccine. The ‘shake test’ may be performed to
see if the vaccine has been frozen.

BCG (SSI),
unreconstituted

Tuberculin

BCG (SSI) is freeze
dried. The diluent has a
freezing point of

- 0.3°C. (SSI, personal
communication)17

Freezing point
unknown

There is no problem with the potency of BCG
vaccine and its ability to seroconvert if stored
at temperatures less than 0°C'®. The diluent
may crack its vial and become contaminated.
Risk of adverse reaction. SSI does not
recommend revaccinating.

Tuberculin must not be frozen*. No data on
effects.
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APPENDIX D contd. 2™ page.

Vaccine Freezing point Significance
Measles vaccine, Measles vaccine is The dried measles vaccine is very stable at
unreconstituted. freeze dried . Freezing | temperatures below 0°C and it is not damaged

(Reconstituted measles
vaccine must never be
stored for reuse.)
(Discontinued)

Priorix (GSK)

MMR 1II

point of the diluent is
unknown.

Lyophilised vaccine -
freeze dried.

No information

by freezing and refreezing.*®

Contact the manufacturer.'®

Unknown significance. Contact the
manufacturer.

Yellow Fever vaccine

Unknown

Yellow fever vaccine can be stored at

-20°C or +4°C for 2 years or more so sub zero
temperatures are not a problem.2h
Reconstituted yellow fever vaccine is very
unstable and must be used immediately.

Oral Polio vaccine (OPV)
(discontinued)

Varies f_rom -6.6°C to
-8.1°Cc*

There is no significant loss of virus titre in
OPV subjected to up to 10 cycles of freezing
and thawing provided the maximum
temperature does not exceed 8°C’.

Inactivated polio vaccine

Unknown freezing
point

Unknown significance

Haemophilus influenzae
vaccine (Hib),
unreconstituted.

Lyophilized vaccine is
freeze dried . Freezing
point of diluent is
unknown.

Potency of lyophilised Hib is not affected by
freezing, provided it has not been
reconstituted®"” Unreconstituted Hiberix (GSK)
is not affected by freezing'”.

Meningococcal vaccine
conjugated

Meningitec (Wyeth)®
(Please contact
manufacturers for
NeisVac C and Menjugate
for information)

Freezing point of
suspension unknown

Vaccine must not be frozen. Any previously
frozen vaccine must be discarded
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APPENDIX D contd 3" page.

Vaccine

Freezing point

Significance

Influenza vaccine

Freezing point

Must not be frozen.

Begrivac (Wyeth)** unknown

Contact manufacturers of

other brands.

Pneumococcal vaccine 23 | Unknown freezing Unknown significance
valent point

Pneumovax (Sanofi
Pasteur MDS)

Pneumococcal vaccine 7
valent conjugated vaccine

Unknown freezing point

Must not be frozen.

Prevenar (Wyeth)
Typhoid vaccine Unknown freezing Freezing Typherix vaccine (GSK) may
point inactivate the vaccine. Previously frozen

Typherix must not be used."” Contact
manufacturer for other brand of typhoid
vaccine.

Tetanus toxoid/ low dose Unknown freezing Unknown significance

diptheria (Td) point

Varicella vaccine Lyophilized freeze Contact the manufacturer for Varivax.

Varilrix (GSK) dried vaccine Varilrix is not affected by freezing,'' P49

Varivax (Sanofi Pasteur
MSD)

e  The “shake test”: Vaccines adsorbed onto aluminium salts in solution have a pale,
uniformly milky appearance. Freezing can destroy the vaccine-aluminium salt bond irreversibly giving a
clear solution of unadsorbed vaccine and a suspension of aluminium salt. The aluminium salt has a
flocculant appearance which when shaken looks similar to a ‘snow’ scene in a paperweight. The
aluminium salt then settles very quickly in the solution. An aluminium adsorbed vaccine which has
large white flocculated sedimentation indicates it has previously been frozen and must not be used.
Caution must be exercised in using the shake test because adsorbed vaccines do not always exhibit this
irreversible physical change on freezing and thawing”.
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Appendix E: Graph demonstrating the effect of overloading on temperature profiles in a 1 cu.ft. Electrolux vaccine fridge
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Table A: Stability of vaccines commonly used
in national immunization programmes

Appendix F(i): Stability of vaccines commonly used in national
immunisation nrosrammes

Vaccine' Storage temperature (°C)
0-8 22-25 35-37 Over 37
Tetanus and Stable for Stable for Stable for At 45°C: stable for
diphtheria 3-7 years months weeks 2 weeks;
toxoids as At 53°C: loss of
monovalent potency after few
vaccines or days;
components of At 60-65°C: loss
combined of potency after
vaccines? few hours
Hepatitis B Stable for Stable for Stable for weeks | At 45°C: stable for
vaccine? 2 - 4 years months days
Measles vaccine® | Stable for 2 Retains Retains At 41°C: 50%
years satisfactory satisfactory loss of potency
potency, up to potency for at after 2-3 day
50%, for at least | least one week, exposure;
1 month. but may lose 20% | At 54°C: 80%
and 50% of loss of
potency for 1-4 potency after one-|
day and 2-6 day | day exposure.
exposure, resp.
Yellow fever Stabilized 50% loss after 50% loss after
vaccing® vaccines stable | 3-10 month 10-20 day
for 2-3 years exposure exposure

Pertussis vaccine?

Stable for
18-24 months,
in spite of
continuous
slow decrease
in potency

Stability varies:
some vaccines
stable for 2
weeks

Stability varies.
Some vaccines
lose 50% of
potency during
storage for one
week

At 45°C: about
10% loss of
potency per day;
At 50°C: rapid
loss in potency

BCG vaccine®

Stable for one
year

Stability varies:
20% to 30% loss
of viability during
3-month exposure

Stability varies.
20% loss of
viability during
3-14 day exposure;

Unstable.

At 70°C: 50%
loss during 30
minute exposure

Oral poliomyelitis
vaccine®

Stable for 6-12
months

Some vaccines
may retain

titres for 1-2 week
exposure

Unstable. VVMs in
use. Loss of
satisfactory titre in
1-3 days

Very unstable. At
41°C: 50% loss
in one day.

At 50°C: loss of
satisfactory titre
after 1-3 hour
exposure

Data refer to freeze-dried measles, yellow fever and BCG vaccines; other vaccines are presented in a
fluid form. Reconstituted vaccines lose their potency quickly and they must be discarded at the end
of an immunization session. Reconstituted BCG vaccine contains no bacteriostatic agent and there
is a risk of contamination. Reconstituted yellow fever vaccine should be administered quickly (up
to one hour) after reconstitution. If the vaccine can be kept continuously in an ice bath, the
reconstituted vaccine can be used within one immunization session. It must be discarded after the

session.

frozan

Vaccines adsorbed on aluminium salts. They should never be frozen.

Optimal long-term storage is at -25°C or less. Diluent should be kept separately and should not be
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Appendix F(iii): Stability of other bacterial and viral vaccines

0-8 22-25 35-37 Over 37
Inactivated Stable for 1 to 4 | Decline of Loss of D-antigen | No precise data
poliomyelitis years D-antigen’ of type 1 content | available
vaccine content of type 1 in some vaccines
in 20 days

Meningococcal
polysaccharide
vaccine

Stable for 2
years

Group A vaccine:
stable for 12 days;
group A+C stable
for months

Half life% 4 weeks

No data available

Human diploid
cell rabies vaccine

Stable for 3.5
years

Retained
immunogenicity
when dispatched,
transported and
stored for up to

11 weeks

Stable for 4 weeks

No data available

Japanese
encephalitis
vaccine

Stable for one
year; about 5%
loss in potency
during 52-week
storage

Stable for 20
weeks, about 9%
loss in potency
during 20-week
storage

Stable for 6
weeks; about
14% loss in
potency during
18-week storage

At 40°C: about
10% loss in
potency after 2-
week storage
and 27% loss
after 6-week
storage

Live oral typhoid
Ty21a vaccine

Needs
refrigeration.
Shelf life
depends on
residual
moisture
content

Prolonged
storage resulted
in progressively
lower viable
counts

Rapid decrease
in viable count.
Retains minimum
potency for 12-
hour exposure

No data available

1.

2z

D-antigen content is measured in vitro by the ELISA test. IPV is standardized in D-antigen units;

enhanced-potency [PV contains 40, 8, and 32 D-antigen units of types 1, 2 and 3 respectively.

Half life: the time at which 5096 loss of original potency occurs.

21



Appendix F(iii)"*

Information from GlaxoSmithKline

The following tables can be used as a guide on exposure of GlaxoSmithKline’s

vaccines at different temperatures without effect on potency or shelf life

Childhood and influenza vaccines

Temperature (Degrees C)

12 21 37 45
Polio 1 week 2 days
Priorix 2 weeks 1 week 4 days 1 hour
Infanrix -- 2 weeks 1 week 1 hour
Fluarix -- 1 week -- --

Stability data on Hib vaccine (supplied with Infanrix and as Hiberix) show that it

remains stable for up to 24 months at 37°C in its lyophilised form. There is as yet no
data on how such storage conditions will affect the shelf life of the vaccine and in the
light of this if the vaccine is stored inappropriately the general guidelines should be
that the vaccine will be fine for a short period of time (24 to 72 hours) (shelf life and

potency).

Travel vaccines

Temperature (Degrees C)
21 37 45
Havrix 2 weeks 1 week 1 hour
Engerix B 2 weeks 1 week 1 hour
Twinrix 2 weeks 1 week --
Typherix 2 weeks 1 week --
ACWY Vax 2 weeks -- --

There is in house data indicating that Hepatyrix vaccine remains stable when left at
room temperature for brief periods (eg overnight or throughout a working day).
GlaxoSmithKline cannot guarantee the shelf life outside 2° C to 8°C. and hence the

vaccine should be used as soon as possible.

There is currently no stability data for varicella vaccine, Varilrix, outside the
recommended temperatures of 2° C to 8°C. (The draft chapter on varicella vaccine in
Immunisation on Infectious Diseases website accessed 18/04/05 1 , indicates that
Varilrix is not affected by freezing)
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Appendix F(iv)®

Information from Wyeth Pharmaceuticals

Please note: Immunogenicity studies are not carried out on vaccines after exposure to
incorrect temperatures. The following information falls outside the terms of the
product licences.

1.Agrippal and Begrivac influenza vaccines (Stability of 2003-4 strains)

Data has shown the above vaccines to be stable for a maximum of 7 days at a
temperature of 25°C. The vaccines should be returned to the correct storage
temperature (2° C to 8°C) as soon as possible and should not be used if left out on a
second occasion.

This information only applied to the vaccine containing the designated 2003-4
influenza strains only.
Contact Wyeth for stability data for influenza vaccines for other years.

2. Meningitec
If the vaccine has been frozen or believed to have been frozen, it should be discarded.

Unlicensed storage information:

a) If the fridge is turned off or is broken

If the Meningitec has been stored in the fridge and for some reason the temperature in
that fridge has risen to over 8°C (but not over 25° C) the vaccine will remain stable for
periods of up to 48 hours.

b)If the vaccine has been removed from the fridge

In situations where the Meningitec must be removed from the fridge for a longer
period of time, for example when transporting the vaccine for use in schools, the
vaccine will be stable for a period of up to 24 hours at the temperatures between 8°C
and 25°C.

All reasonable attempts should be made to keep the vaccine within the correct storage
temperature : to transport the vaccine in a cool box and to ensure the vaccine is not
exposed to extremes of temperature. Only carry the amount of vaccine required for
the immunisation session.

If any vaccine is exposed to temperatures over §°C, the relevant vials should be
marked as exposure to higher temperatures on a second occasion would necessitate
the disposal of the vaccine.

3. Prevenar

If the vaccine has been frozen or believed to have been frozen, it should be discarded.
Unlicensed storage information:

a) If the fridge has been turned off or is broken
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If the Prevenar has been stored in the fridge and for some reason the temperature in
that fridge has risen to over 8° C (but not over 25°C), the vaccine will remain stable
for periods of up to 48 hours.

b) If the vaccine has been removed from the fridge
Where the Prevenar has been removed from the fridge, it will be stable for a period of
up to 24 hours at a temperature of between 8°C to 25°C.

If any vaccine is exposed to a temperature of over 8° C the relevant vaccine should be

marked as exposure to a higher temperature on a second occasion would necessitate
disposal of the vaccine.
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APPENDIX G: Algorithm to assist in writing standard operating procedure to deal with incidents BEFORE vaccines have been given

Definition of incident: serious or continued failure of procedure where vaccines may be subpotent but vaccines have not yet been administered

Recorded storage Incident reported
temperatures of .
. s to Community
vaccines outside ideal | — Services
2°C to 8°C range. .
pharmacist or
PCT pharmacist

Pharmacist makes
decision whether
L ! vaccines can be used
depending on scenarios
in Appendix B, or
manufacturers’ advice.

Details recorded on
vaccine fridge
incident form

(e.g. Appendix I).
Embargo vaccines
and/or fridge

Pharmacist records advice and
decision. Primary Care staff involved
submit incident report. Incident report
to go to Trust Risk Officer or
equivalent according to local
procedures

T~

If vaccines cannot be used,
advise clinic staff on
disposal of vaccines
according to local policy.
Advise staff to reorder
vaccines.

If vaccines can be used,
clinic/ surgery staff
advised.

Clinic/surgery staff advised
to take appropriate steps to
correct fridge temperature to

2°C to 8°C range. (adjust
thermostat or calling
engineer)
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Appendix H: Algorithm to assist in writing standard operating procedure to deal with incidents AFTER vaccines have been given

Definition of incident: There has been a serious or continued failure of procedure and patients have received potentially subpotent vaccines

Discovery that vaccines
have been stored outside
the terms of their SPCs
and these vaccines have
been given

l

Member of PCT staff
informed convenes a
'Vaccine Incident Group

Vaccine Incident Group to
assess risk whether exposed
vaccine has conferred
protection or not, using the
guidance in section 8 and
appendices B, C, D and F
(i-1v) or from expert advice

Not to recall

l To recall

l

Vaccine Incident Group to
comprise, according to local
policy and circumstances:
Director of Public Health,
CCDC
Immunisation Coordinator
Trust Risk Officer,
Community Services
Pharmacist

Appoint a team leader.

Vaccine Incident Group
decides on basis of risk
assessment to recall people
vaccinated with exposed

vaccines

Practice or locality manager.

Vaccine Incident Group to

consider following issues:
1.Allocation of resources of
manpower and time to search out
affected people.

2.Writing and sending letters
inviting affected people to attend
for revaccination.

3. Informing PCT’s
communication team.

3. Setting up a helpline to answer
queries from staff and public.

4. How revaccination will take
place.

Vaccine Incident Group
decides on basis of risk
assessment not to recall
people vaccinated with

exposed vaccines

l

Team leader to fill in
significant untoward
incident report. Send to
local clinical governance
committee or equivalent
local committee.

l

Review cause of incident
and lessons learnt.

i

Trust to report incident
to National Patients’
Safety Agency
according to local
procedures
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APPENDIX I

Vaccine Fridge Incident Form

Person Reporting incident: Person filling in form:

Contact telephone number:

Date:

l.

8.

9.

Clinic Name:

Position of reporter of incident:

Time:

Details of incident:

What are the current minimum / current / maximum temperatures
Which fridge was affected:

How long has fridge been malfunctioning

When were the correct temperatures last recorded

When is the next vaccination session?

10. Which vaccines are urgently required.?

11. Where will these vaccines come from?

12. Other comments made during telephone conversation or visit

Turn over to continue........
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Appendix I (Contd)

13. What vaccines are in the affected fridge?

Vaccine

Expiry
date

Manufacturer

Quantity

Can vaccines be used?

Source of advice

14. What advice given on disposal of vaccine?

28




