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AD auto-disable (syringe)

BCG bacillus Calmette-Guérin  (vaccine)

DT diphtheria-tetanus (vaccine)

DTP diphtheria-tetanus-pertussis (vaccine)

EPI Expanded Programme on Immunization

FIC fully immunized child

HepB hepatitis B (vaccine)

Hib Haemophilus influenzae type b (vaccine)

MMR measles-mumps-rubella (vaccine)

MR measles-rubella (vaccine)

OMV outer membrane vesicle

Td tetanus-diphtheria (vaccine)

TT tetanus toxoid (vaccine)

UNICEF United Nations Children’s Fund

VVM vaccine vial monitor

Abbreviations
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Glossary

Auto-disable syringe A specially modified disposable syringe with a fixed needle
that is automatically disabled by plunger-blocking after it
has been used once.

Cold chain A network of refrigerators, cold stores, freezers and cold
boxes organized and maintained so that vaccine is kept at
the right temperature to remain potent between dispatch from
the manufacturer and administration.

Cold store A cold room or freezer room.

Combination vaccine A vaccine made by combining two or more vaccines.

Diluent A liquid used to reconstitute freeze-dried/lyophilized vaccine.

Disposable syringe An all-plastic syringe designed for single use, with a separate
steel needle. Because there is no mechanism for preventing
reuse this type of syringe may, incorrectly, be used more
than once.

Grossing factor Used for estimating space requirements for the cold storage
and transportation of vaccines. Always 1.0 or greater.

In the case of a cold store, refrigerator or freezer: the gross
internal volume of the appliance divided by the net volume
of vaccine that the appliance is capable of storing safely.
Generally, vaccine is stored in its inner card packaging.
However, in larger cold stores it may be stored in the
manufacturer’s shipping containers.

In the case of a cold box or other transport container: the
gross external volume of the container divided by the net
volume of vaccine that the appliance is capable of storing
safely.

Monovalent vaccine A vaccine containing antigen to induce protection against a
single microorganism.

Utilization factor A factor, always less than 1.0, which takes account of the
difference between the manufacturer’s theoretical capacity
for a vehicle, cold box, syringe safety box or other transport
container and its actual capacity in practical use.
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Vaccine vial monitor A label sensitive to time-temperature which can be attached
to a vaccine vial. Through a gradual and irreversible colour
change it warns health workers whether vaccines have been
degraded by unacceptable exposure to heat and whether they
should therefore be discarded. The colour change follows
the stability curve of the vaccine in question. Once the colour
change is complete the vial should no longer be used.
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Various new vaccines have entered the market during the last few years and more
are expected to be developed in the future.1  Governments have to decide whether to
include new vaccines in the routine immunization schedule, which is publicly funded
in most countries. They may decide not to do so and to leave uptake to the private
sector. The rationale for introducing a new vaccine into government-funded national
immunization services should firstly be based on whether the disease in question is a
public health problem and, if it is, whether immunization is the best way to control
it. Secondly, the overall costs of introducing the vaccine and maintaining sufficient
coverage should be assessed.

In these guidelines a stepped approach is outlined for estimating the incremental
costs of introducing new vaccines into routine immunization services. The overall
objective is to assist public health officials who are considering whether to introduce
new vaccines  to plan and budget for such introductions. The perspective is thus that
of the health sector: the costs that fall on parents and others are not taken into account.

The guidelines are targeted at immunization service managers, logisticians,
policy-makers, researchers, international donors and health planners in developing
countries. No prior experience or training in economics is necessary for using the
guidelines.

1. Introduction

1 See Annex 1 for a summary of new and underused vaccines and vaccines under development.
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When carrying out the analysis it is necessary to be aware of some basic costing
concepts. The most important ones relating to these guidelines are explained below.
Further guidance on cost analysis is available in Creese and Parker (1994) and
UNAIDS (2000).

2.1 Incremental versus full costs

Whereas a full cost analysis estimates the costs of all resources being employed in an
immunization system, an incremental analysis only looks at the cost of an addition,
e.g. a new vaccine, to existing services. It should be borne in mind that an incremental
cost analysis underestimates the costs of a general administrative nature borne by
the system and that it does not include overheads. For instance, in an incremental
analysis of the addition of a new vaccine the building costs for delivering vaccinations
are not included as these are assumed to be covered by the immunization system
already in place.

2.2 Financial versus economic costs

Economists define costs as the value of resources used to produce a good or service.
However, the way these resources are measured can differ. Financial costs represent
actual expenditure on goods and services purchased. Costs are thus described in
terms of how much money has been paid for the resources used. Economic costs,
also referred to as opportunity costs, are, on the other hand, defined as resources
that have been foregone for alternative uses. The basic idea behind this is that things
have a value that may not be fully captured in the price. For example, when a new
vaccine is introduced in a monovalent form, additional injections are required and
the time spent on delivering the vaccine could be used to provide other productive
services. This is therefore referred to as an opportunity cost. The health sector
is unlikely to employ extra personnel to deliver the new vaccine, however,
and consequently no financial costs are involved. If the new vaccine is donated by an
external funding source there are no financial costs as nothing is paid by the
government, but the marketed value of the vaccine should be used when estimating
the economic costs .

Whether to use financial or economic costs depends on the purpose of the analysis.
If the aim is to prepare a budget for immunization services, only the financial costs
should be included. If, however, a cost-effectiveness analysis or a sustainability
assessment of a new vaccine is required, the economic costs should be used.
These guidelines explain how to estimate both financial and economic costs for each
cost item included.

2. Concepts of
cost analysis
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2.3 Capital versus recurrent costs

When carrying out the costing exercise, all cost components should be divided into
capital and recurrent costs. Capital costs are defined as items that last longer than
one year and are therefore incurred only every few years rather than annually.
For immunization services, important capital costs are associated with cold chain
equipment and vehicles. Recurrent costs are those items that are used up during a
year and are usually purchased regularly. Important recurrent costs are those
associated with vaccines, injection supplies and training activities.

When estimating costs it is recommended that all figures be presented on an annual
basis. This means that the value of capital items has to be spread over their expected
life so that they can be combined with recurrent costs in a useful manner. There are
two ways of annualizing capital costs, depending on whether financial costs or
economic costs are under consideration. For financial costs the use of straight-line
depreciation is recommended, whereby the replacement costs of an item are divided
by its estimated number of years of life. For economic costs the value of alternative
opportunities for resources tied up in capital inputs is of interest, and the capital
costs therefore have to be annualized by introducing a discount rate. Both methods
for depreciating capital items are explained in Annex 2.
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The best method for estimating the costs of introducing a new vaccine consists of
identifying all the inputs required for the introduction along with their respective
quantities and unit costs. The required types of input depend to some extent on
whether the vaccine is to be introduced as a combination vaccine with one or more
of the vaccines already present in the system or whether it is to be monovalent.
A combination vaccine does not involve any additional injections and is therefore
simpler to introduce than a monovalent vaccine. Furthermore, if the combination
vaccine is procured in the same vial size as before the vaccine does not take up more
space in the distribution system. If, on the other hand, the vaccine is monovalent,
or if the combined vaccine is introduced with fewer doses per vial than previously
used, or if an extra vial for diluent is required for the purpose of storage, the vaccine
then takes up more space in the distribution system and this may necessitate expansion
of the cold chain.

The input categories that have to be assessed, according to whether a monovalent or
combination vaccine is being introduced, are summarized in Table 1. For a combination
vaccine in the same vial size the only inputs to assess besides the vaccine itself are
disease surveillance, training, stationery and social mobilization. For a monovalent
vaccine, inputs such as syringes, waste management and expansion of the distribution
system should also be assessed.

In the following sections, methods are described for estimating the costs of the
different inputs outlined in Table 1. Explanations are given as to how to categorize
the items according to capital, recurrent, financial and economic costs. Data collection
forms are reproduced in Annex 8. Electronic versions of the forms can be downloaded
from http://www.who.int/vaccines/en/techdocs/forms.xls. A method for presenting
overall results is illustrated in Chapter 10.

3. How to identify and
estimate costs

vaccines/en/techdocs/forms.xls
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Table 1: Inputs to assess according to vaccine presentation

Type of new vaccine Inputs to assess

Combination vaccine with no change in vial size and no 1. Supplies: vaccines
extra vials for diluent 2. Disease surveillance

3. Other costs: training, stationery, social mobilization

Combination vaccine with fewer doses per vial than 1. Supplies: vaccines and reconstitution syringes
previously used and/or with extra vials for diluent 2. Distribution system: transport and cold storage

3. Disease surveillance
4. Other costs: training, stationery, social mobilization

Monovalent vaccine 1. Supplies: vaccines, syringes, safety boxes
2. Distribution system: transport and cold storage
3. Waste management
4. Personnel
5. Disease surveillance
6. Other costs: training, stationery, social mobilization
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Vaccine supplies consist of vaccines, syringes and safety boxes. They represent a
recurrent cost since they must be procured regularly. If supplies are procured without
donor support they should be classified as financial costs. If there is donor support
they should be classified as economic costs. Form A5 (Annex 8) should be used for
summarizing the costs of vaccine supplies.

4.1 Vaccines

The total vaccine costs per year, c, are estimated as

c = p x n,
where
p = price per dose of new vaccine, including freight expenditures;
n = number of doses supplied.

The number of doses supplied for the first year, n, is estimated as

n = i x b x d x (1/(1 - w)) x (1 + r),
where
i = immunization coverage rate;
b = birth cohort;
d = number of doses per fully immunized child (FIC);
w = wastage rate (%);
r = reserve stock (%).

In order to estimate the number of doses needed for subsequent years the same
formula should be used except that the reserve stock should be excluded and any
vaccine in stock should be subtracted from the number of estimated doses, as follows.

n = i x b x d x (1/(1-w)) – s,
where
s = number of vaccine doses in stock.

If a combination vaccine is to be introduced the annual costs of the vaccine to be
replaced by it should be subtracted from the total costs so as to obtain an estimate of
the additional costs. For instance, if HepB-DTP combination vaccine is being
introduced the annual costs of DTP vaccine should be subtracted.

An example of the calculation is given in Box 1 and suggestions on how to estimate
the different variables included in the formula are outlined below.

4. Vaccine supplies
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Vaccine price:

Current vaccine prices can be obtained from the manufacturers or UNICEF and/or
PAHO. UNICEF’s supply division and PAHO’s Revolving Fund operate as vaccine
procurement mechanisms for a number of developing countries.2

Coverage rate:

A target coverage rate for the year in question should be used. The rate should be
based on the current coverage rate and predicted changes in services. For instance,
if the first dose of the new vaccine is given at birth, the coverage rate of BCG can be
used for estimating the target coverage rate. If the new vaccine is going to follow
the DTP schedule, an average of the coverage rates of DTP-1, DTP-2 and DTP-3
can be used.

Birth cohort:

Information on the estimated annual number of neonates for the year in question can
be collected from the national statistical bureau or a related office.3

Number of doses per FIC:

The number of doses per FIC is obtained from the agreed immunization schedule.

Wastage rates:

Wastage rates depend on the number of doses in a vial, whether or not the country in
question has an open vial policy, the sizes of immunization sessions, any cold chain
and distribution failures, and the number of vials discarded due to expiry.

If a new vaccine is combined with one of the existing vaccines and if there is no
change in vial size, wastage rates for the existing vaccine can be used. Otherwise the
wastage rate of the new vaccine should be estimated by making a comparison with
other vaccines. Whether the wastage rate is the same as that for another vaccine
depends on whether the vaccines are of similar type, whether the same schedule is
used for both and whether the same number of doses is used per vial. Wastage rates
may differ in various settings, depending on factors such as population density and
delivery strategy (e.g. fixed site versus outreach). The national wastage estimate for
a particular vaccine should be a weighted average of the wastage rates for different
settings.

2 Information about UNICEF’s supply division can be found on the Internet at:
www.supply.unicef.dk.

3 WHO policy for estimating immunization coverage is to use the birth cohort for BCG and TT,
and to use the number of surviving infants for DTP, measles and polio vaccines. However, for the
purpose of forecasting vaccine supply the total number of births is recommended as the
denominator, since this generates the highest number and thus ensures that sufficient vaccine is
procured.
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Wastage rates are calculated by comparing the number of doses administered with
the number of vials opened for use and with the number of closed vials that are
discarded because of cold chain failure, VVM indication or expiry. Wastage rates
can be estimated using data from either national or subnational records of doses
administered and/or from stock records.

When using data from national or subnational records of doses administered the
following formula should be used to estimate the wastage factor, f.

f = ((v + c) x d)/n,
where
v = number of vials opened for use;
c = number of closed vials discarded because of cold chain failure or VVM

indication;
d = number of doses per vial;
n = number of doses administered.

The wastage factor is converted to a percentage wastage rate w as follows.

w = 100 – (100/f).

When using stock records the following formula should be used to estimate the wastage
factor.

f = ((b + c – d) x e)/n,
where 
b = number of usable vials in stock at start of year;
c = number of vials issued from store for use during year;
d = number of usable vials in stock at end of year ;
e = number of doses per vial;
n = number of doses administered.

Again, the wastage factor is converted to a percentage wastage rate, w, as follows.

w = 100 – (100/f).

Reserve stock:

For the first order of vaccines a reserve stock must be included in the estimate of the
number of doses. This is usually set at 25%. The extra vaccine supply should be
distributed throughout the country. For subsequent orders a reserve stock is not
included as it is already in place, revolving as a buffer stock.
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Box 1: Example of estimation of total annual vaccine costs
for a new vaccine

The following assumptions are made.

p = US$ 2  (price per dose)

i = 0.7 (70%)

b = 2.5 million children

d = 3 doses per fully immunized child

w = 0.3 (30%)

r = 0.25 (25%)

s = 200 000 doses in stock after one year

The number of doses, n, supplied for the first year is estimated as follows.

n  = i x b x d x (1/(1- w)) x (1+ r)

 = 0.7 x 2 500 000 x 3 x (1/(1 - 0.3)) x (1 + 0.25)

 = 9 375 000 doses

Since the price per dose is assumed to be $2, the total vaccine cost, c, for the
first year is estimated as follows.

c = 2 x 9 375 000

= US$ 18 750 000

For subsequent years, annual vaccine costs are estimated as:

n = 0.7 x 2,500 000 x 3 x (1/(1 – 0.3)) – 200 000 = 7,300 000

c = 2 x 7,300 000 = US$ 14,600 000

4.2 Injection syringes

If a new vaccine is introduced as a monovalent vaccine, additional syringes per FIC
are needed. The total annual costs for syringes, c, are estimated as follows.

c = p x s,
where
p = price per syringe, including freight expenses;
s = annual number of syringes needed.
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For the first year the annual number of syringes is estimated as follows.

s = n x (1/(1 - w)) x (1 + r),
where
n = number of injections administered per year;
w = wastage rate (%);
r = reserve stock (%).

The annual number of injections administered, n, is estimated as follows.

n = c x b x d,
where
c = coverage rate;
b = birth cohort;
d = number of doses of the new vaccine per FIC.

The definitions and the sources of these variables are explained in Section 4.1.

The wastage rate of syringes is normally considerably lower than that for vaccines.
It is generally recommended to plan for about 10% wastage of syringes. A reserve
stock should be included for the first year of procurement. It is normally set at
25% but can vary with delivery schedules.

The prices of syringes can be obtained from supply invoices, order forms,
price lists and catalogues. The costs of international transport should be included
(UNICEF’s supply division can provide average estimates of freight costs as a
percentage of the load).

4.3 Reconstitution syringes

Each vial of freeze-dried vaccine must be reconstituted with a sterile reconstitution
syringe.  The total annual costs of reconstitution syringes, c, are estimated as follows.

c = p x s,
where
p = price per syringe, including freight expenses;
s = annual number of reconstitution syringes needed.

For the first year the number of reconstitution syringes is estimated as follows.

s = n/v x (1/(1 - w)) x (1 + r),
where
n = number of doses of freeze-dried vaccine administered per year;
v = number of doses per vial;
w = wastage rate (%);
r = reserve stock (%).

The annual number of doses of vaccine administered, n, is estimated as in
Section 4.1.
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As with injection syringes, it is generally recommended to plan for about
10% wastage. A reserve stock should be included for the first year of procurement.
It is normally set at 25%.

The prices of reconstitution syringes can be obtained from supply invoices,
order forms, price lists and catalogues. The costs of international transport should
be included.

4.4 Safety boxes

Contaminated needles and syringes must always be stored in puncture-resistant
containers, referred to as safety boxes. Additional safety boxes are needed if the
introduction of a new vaccine involves additional injections per FIC. The cost of
additional safety boxes is estimated as follows.

c = p x n,
where
p = unit price of safety box, including freight expenses;
n = number of safety boxes needed annually.

The number of safety boxes needed annually is estimated as follows.

n = s/a x (1/(1 - w)),
where
s = annual number of additional syringes arising from introduction of the

new vaccine as estimated above (for the first year a reserve stock should
be included);

a = capacity of safety box (number of syringes stored);
w = wastage rate (%).

For example, if a safety box has a capacity of 140 AD syringes and if it is estimated
that 800 000 syringes will be used per year as a consequence of the introduction of a
new vaccine, a minimum of 800 000/140 = 5714 safety boxes are needed.
Furthermore, it is recommended that a wastage rate of 50%-100% be added to
allow for the disposal in safety boxes of sharps other than immunization syringes.

Information on the capacities of different types of safety boxes and their prices can
be found in the WHO/UNICEF Product Information Sheets (WHO/V&B/00.13).
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If a new vaccine is introduced as monovalent, additional injections are required
and the capacity of the waste management system must therefore be assessed.
Moreover, in certain places the introduction of a new vaccine might encourage a
switch from sterilizable syringes to AD syringes. In this event it is necessary to plan
for a relatively large investment in waste management.

In developed and middle-income countries, relatively sophisticated waste
management systems, such as those involving high-temperature incineration and
autoclaving, are often used in order to secure the safe and environmentally friendly
destruction of syringes and other health care waste. For less developed countries
these options are rarely feasible because of economic constraints. Instead, low-cost
options such as the instalment of small-scale incinerators at selected health centres
and district hospitals should be considered.

The resources required for effective waste management may include the capital cost
of incinerators and any buildings required to house them. Recurrent costs include
those associated with incinerator fuel and maintenance, training, and salaries of  staff.
If the incinerator is not located where immunization is performed the cost of
transporting the safety boxes also has to be taken into account. Forms A1 and A6
should be used for summarizing capital and recurrent supply costs related to waste
management; form A10 should be used for personnel costs (Annex 8).

5. Waste management
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It may be necessary to expand the capacity of the distribution system in order to
make space for additional vaccines and syringes. The costs can be separated into
those of transport and vaccine storage (often referred to jointly as the cold chain).
If there is considerable spare capacity in existing refrigerated storage at one or more
levels of the system it should not be necessary to expand the storage space. If, however,
there is limited spare capacity it may be possible to shorten the supply interval at one
or more levels so that the volume required for storage is reduced and the transport
requirement is increased.4

6.1 Transportation of vaccines

At each transport link in the cold chain a calculation must be made of the total
volume of vaccines to be transported. If it exceeds the capacity of the available
transport the transportation system must be intensified. This may require investment
in additional vehicles or a shorter supply interval.

Annex 3 outlines a method for calculating vaccine volumes. The calculation gives an
estimate in cubic metres of the additional storage volume needed when a new vaccine
is introduced. A percentage increase is also calculated. This allows a rough assessment
of whether the current capacity of the system can accommodate the additional volume.
The assessment should be made at the national, subnational and service levels of
transportation. At the service level the transportation of vaccines is often based on a
collection programme whereby health facilities use their own transport to collect
supplies from a store at a higher level.  Where this happens it may be difficult to
make an accurate estimate of spare capacity. If this is the case an average capacity in
various districts has to be worked out on the basis of interviews with district supply
managers.

The worksheet in Annex 3 gives an estimate of the packed volume of vaccines
according to the capacity stated by manufacturers of cold boxes. However, as all
cold boxes are unlikely to be completely filled with vaccines and as all vehicles are
unlikely to be fully loaded, a safety margin in the form of a utilization factor should
also be adopted when assessing whether to expand a transportation system.

6. Distribution system

4 The supply interval is normally defined as the number of weeks between deliveries of fresh supplies
of vaccine.
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When the capital costs for transport (e.g. cars, motorcycles, bicycles) are being
estimated, useful information on prices can be obtained from recent government
contracts, supply records from donors, or local dealer estimates. The working life of
a vehicle is needed for calculating its annualized value (Annex 2). Annualized values
vary considerably, depending on the type of vehicle, the terrain, and use and
maintenance practices. Estimates can be made on the basis of information obtained
by asking people who use, drive or service cars, motorcycles and bicycles. Data on
these matters should be entered on form A2.

Additional recurrent costs associated with the expansion of a transportation system
include those for fuel, lubricants, insurance, registration fees, maintenance
costs, and salaries and per diems for drivers. Expenditure records may give some
indication of the costs of operating and maintaining vehicles, but interviews with
drivers and mechanics and the consultation of logbooks is likely to be needed in
order to obtain a sufficiently detailed picture (Creese and Parker, 1994). Forms A2
and A8 (Annex 8) should be used to record these data.

6.2 Cold storage

An assessment should be made as to whether current cold storage capacity can
accommodate the introduction of a new vaccine. As with transport, the evaluation
should be made by comparing the available volume with the required volume.
A method for calculating the additional cubic metres of storage volume required on
introducing a new vaccine is outlined in Annex 4.

When the required percentage increase in storage volume has been calculated the
current capacity of the system should be assessed. In many countries the current
capacity varies considerably with the administrative level. Spare capacity in
refrigerators is relatively large in health centres in many places but is often smaller
at the district, provincial and central levels.

Expansion of the cold chain could lead to an increase in capital costs in the form of
additional cold stores, refrigerators, freezers, stand-by generators and cold boxes.
Additional recurrent costs are likely to include electricity, gas, ice packs, kerosene,
spare parts and workshop costs. Cost data on different types of cold chain equipment
can be found in the WHO/UNICEF Product Information Sheets, which are regularly
updated. The costs of items used for maintenance of the cold chain should be obtained
from expenditure records. The information should be entered on forms A3 and A9
(Annex 8).

6.3 Storage and transportation of injection equipment and waste
management supplies

If a monovalent vaccine is introduced, additional syringes and safety boxes must be
procured and it is necessary to assess whether sufficient transport and storage space
is available for them.  This assessment should be made by comparing the available
transport and storage space with the space needed at all levels of the vaccine supply
chain.



1 5WHO/V&B/02.11

Details of the packed volumes of syringes and flat-packed safety boxes can be found
in the WHO/UNICEF Product Information Sheets. At the most, 1 cubic metre of
net storage volume should be allowed for every 15 000 syringes, i.e. 0.067 cubic
metres per 1000 syringes. However, in the 2000 edition of the Product Information
Sheets the number of syringes that can be held in 1 cubic metre is given as ranging
from 16 000 to 29 000. If the type of syringes to be procured is known the exact
storage volume should be used, as indicated in the Product Information Sheets or by
the manufacturers.

For safety boxes there is considerable variation in the packed volume before
they are assembled and in the number of syringes they can accommodate. In the
2000 edition of the Product Information Sheets the volume of packed boxes per
1000 syringes varies from 0.004 to 0.014 cubic metres. If the type of safety box to
be procured is unknown, the latter figure should be used when assessing whether
there is sufficient storage space, i.e. 0.014 cubic metres should be available per
1000 syringes.

If it is assessed that additional storage and transport space is needed because of the
introduction of a new vaccine, the required investment should be estimated as a
capital cost (Annex 2). Detailed guidance on establishing or improving vaccine and
supplies stores is given in Guidelines for establishing or improving national,
regional and district vaccine stores (WHO/EPI/LHIS/96.03). Costing principles for
buildings are indicated in Creese and Parker (1994) and UNAIDS (2000).
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A wide range of staff members are involved in managing a new vaccine,
including managers, surveillance staff, community health workers, nurses and doctors.
If extra personnel are employed to deliver the new vaccine, they should be classified
as a financial cost. If no additional staff are required, salaries should be classified as
economic costs and should only be included in the analysis if the purpose is to determine
cost-effectiveness.

No staff are likely to work exclusively on a new vaccine. Personnel costs should
therefore be assessed on the basis of time allocations. In certain instances, however,
the question may arise as to whether salary costs should be included at all.
If immunization staff are known to have a considerable amount of non-productive
time during working hours it should not be necessary to include additional salary
costs in the estimation, since the opportunity cost for these staff is almost zero
(i.e. no other productive tasks will be sacrificed as a result of the introduction of a
new vaccine). If, on the other hand, immunization staff are known to be busy and
highly productive, additional salary costs should be considered in an economic costs
analysis, since less time would be available for other services because of the
introduction of the new vaccine.

Personnel costs should be calculated by using form A10 (Annex 8). Data on the
annual costs for each type of staff working with the new vaccine should be obtained
and costs should then be allocated according to the time spent on it. For immunization
delivery staff this can be done by estimating the number of minutes required for
delivery of the new vaccine to each child.

Information on salary levels can usually be obtained from health ministry payrolls.
The full salary cost should be used, i.e. take-home pay plus any additional benefits
such as contributions to health insurance, social security, pension plans and taxation.
These gross earnings should include any incentive payments, overtime,
hardship allowances, holiday and sick pay, and allowances for uniforms, housing and
travel (Creese and Parker, 1994). Salaries are categorized as recurrent costs.

7. Personnel
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When a new vaccine is introduced it is essential to monitor programme output and
disease control impact. This activity should be integrated as much as possible into
ongoing disease surveillance and monitoring activities. When estimating the
incremental costs of increased surveillance activity attributable to the introduction
of a new vaccine it is important to take account of additional staff costs, training,
data management, communications, transport, specimen collection and dispatch,
and laboratory services.

Annex 6 provides an example of usual budget items for disease surveillance.
The type of items needed depends to a certain extent on the type of surveillance
being implemented, i.e. whether passive,  active or both. Form A7 should be used to
record supplies and form A10 to record personnel (Annex 8).

8.1 Stationery

It is important to redesign stationery such as immunization summary reports,
tally sheets and vaccination cards so that it includes the new vaccine. The cost of
changing the design of stationery can be obtained from the supplier of these items.
If it is a one-off cost it is classified as capital expenditure. If the unit cost of the
stationery rises in subsequent years the increases should be included as recurrent
costs.

8. Surveillance and
monitoring
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Other costs related to the introduction of a new vaccine are those of social
mobilization, training of health staff, and changes in immunization forms and other
stationery. Forms A4 and A5 (Annex 8) should be used in data collection for these
activities, depending on whether the inputs are classified as capital or recurrent costs.

9.1 Social mobilization

Advocacy and social mobilization efforts are crucial for ensuring the successful
introduction of a new vaccine. The aim of these activities is to inform the general
public and health care workers about the decision to introduce the vaccine and the
consequences. Furthermore, the introduction of a new vaccine presents a good
opportunity to promote immunization services in general. The extent of social
mobilization is likely to vary from place to place, depending on perceived needs and
available funds. In some countries, large-scale advocacy campaigns involving the
participation of senior politicians and extensive media coverage have been carried
out when a new vaccine has been introduced. The types of advocacy that can be
considered include the development and distribution of posters and booklets and the
broadcasting of radio and TV spots that inform the public about the new vaccine.

The costs of carrying out social mobilization and advocacy activities can be estimated
either by comparison with the costs of similar activities conducted for immunization
or other public health initiatives or by preparing a detailed plan of activities with
budget estimates. As social mobilization is a one-off activity conducted only at the
time of introduction it should be classified as a capital cost.

9.2 Training

Health care workers should receive training in the  administration of a new vaccine.
This is likely to require training workshops as well as the development of training
materials in the form of leaflets or brochures about the new vaccine. It may also be
considered necessary to update routine immunization training material to include
the new vaccine. If training on the new vaccine is limited to the period just before or
during its introduction, the costs should be classified as capital expenditure.
If, however, training on the new vaccine is planned to continue in successive years
the costs should be classified as recurrent. The costs of developing and printing
training materials can either be obtained from private sector quotations or by making
estimates on the basis of comparison with the costs of other training materials recently
developed in the health sector.

9. Other costs
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Cost estimates should be presented so that the reader can easily identify
the origin of the figures. Costs should be presented not only as totals but also
as quantities and unit costs. This is ensured by the use of forms A1 to A10
(Annex 8). The estimates in these forms should be compiled and summarized as in
Table 2. An electronic form can be downloaded from the Internet at
http://www.who.int/vaccines/en/techdocs/forms.xls. In a second stage, costs can
be presented according to currency, by source of support (i.e. health ministry, donors
and other government departments), or by level (i.e. national, regional, district
administration and health centre). This enables partners rapidly to obtain an
understanding of their different roles in the process (Creese and Parker, 1994).

10. Presenting and
analysing results

vaccines/en/techdocs/forms.xls
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Table  2:  Summary of costs of introducing a new monovalent vaccine

Cost category Annual % of Annual % of
financial costs total costs economic costs total costs

Capital costs

Vehicles

Cold chain equipment

Incinerators

Training material

Social mobilization

Redesign of stationery

Total capital costs

Recurrent costs

Vaccines

Syringes

Safety boxes

Waste management

Surveillance

Cold chain storage operation and
maintenance

Transport operation and maintenance

Total recurrent costs

Total costs
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Annex 1:
New and underused vaccines and

vaccines under development
(as of late 2001)



2 3WHO/V&B/02.11

Pathogen Disease Status Available Available
(syndrome) formulations combinations

Yellow fever Yellow fever Available since 1935 Lyophilized and None
(modified in 1945) reconstituted with

diluent at time of use
Rubella Rubella Available since 1969 Lyophilized and MMR, MR

(German measles) reconstituted with
diluent at time of use

Hepatitis B Cirrhosis of the liver Available since 1981 Liquid DTP-HepB
Primary liver cancer DTP-Hib-HepB

Hib-HepB
Haemophilus Pneumonia, meningitis Available since the late Liquid or lyophilized DTP-Hib
influenzae type b and otitis media 1980s and reconstituted with DTP-Hib-HepB

diluent or DTP DTP-Hib-IPV
Hib-HepB

Japanese encephalitis Japanese encephalitis Available since the Liquid or lyophilized None
virus 1970s and reconstituted with

diluent at time of use
Varicella Varicella/chicken pox Available since 1994 Liquid None
Streptococcus Meningitis, pneumonia 7-valent vaccine Liquid None
pneumoniae conjugate and otitis media licensed in USA in
vaccine 1999
Vibrio cholerae Cholera Live and killed Liquid None

vaccines available
since early 1990s.
New candidates under
development.

Typhoid Diarrhoeal disease Live and subunit Liquid None
vaccines available
since early 1990s.
New candidates under
development.

Meningococcal Meningococcal Licensed in United Liquid None
conjugate serogroup C meningitis Kingdom in 1999
Meningococcal Meningococcal OMV vaccine Liquid None
conjugate serogroup B meningitis licensed in Latin

America. Only suitable
for outbreak control.

Influenza nasal Influenza Licensed in Intranasal spray None
Switzerland in 2000

Meningococcal Meningococcal Under development _ _
conjugate serogroups meningitis
A, C, Y, W135
Rotavirus Diarrhoeal disease Under development _ _
Shigella Diarrhoeal disease Under development _ _
Enterotoxigenic Diarrhoeal disease Under development _ _
Escherichia coli
Dengue Dengue and dengue Under development _ _

haemorrhagic fever
Plasmodium Malaria Under development _ _
falciparum
Human Acquired Under development _ _
immunodeficiency immunodeficiency
virus syndrome
Respiratory syncytial Acute respiratory Under development _ _
virus illness



Guidelines for estimating costs of introducing new vaccines into the national immunization system2 4

Capital items are purchased one year and used during several further years. To be
combined with recurrent costs in a useful way their costs must be expressed on an
annual equivalent basis. Two methods for annualizing capital costs are explained
below, one for financial analysis, the other for economic analysis.

Financial capital costs

In order to estimate financial capital costs the total costs of an item are divided by
the number of years of its expected life to give its straight line depreciation.
The following approach should be used.

1. Identify the capital cost items that are expected to occur with the introduction
of a new  vaccine.

2. Determine the current value of each item (i.e. the purchase price from the
supplier).

3. Estimate the number of years of useful life which the item can realistically be
expected to have (from the time of purchase).

4. Divide the number of years of useful life by the current value. This gives an
average annual cost.

Economic capital costs

The financial approach to annualizing capital items does not take into account the
value of alternative opportunities for using the resources tied up in capital inputs.
In order to calculate the economic costs of capital on an annualized (cost per year)
basis, the following approach should be used.

1. Identify the capital cost items that are expected to occur with the introduction
of a new vaccine.

2. Determine the current value of each item (i.e. the purchase price from the
supplier).

3. Estimate the number of years of useful life which the item can realistically be
expected to have (from the time of purchase).

4. Obtain the discount rate used by the economic planning office or ministry of
finance (alternatively, calculate the real rate of interest, i.e. the rate of interest
that could be obtained by depositing money in a bank, minus the inflation rate.

Annex 2:
Annualization of capital costs
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5. Consult Table 3, which gives annualization factors for capital items with
different expected lifetimes at different discount rates. The values in Table 3
are calculated from the following formula.

((1+r) t – 1) / r(1 + r)t ,

where r is the discount rate and t is the number of years after year 0.

6. Calculate the annual cost by dividing the current value of the item by the
annualization factor.

Example:

A vehicle costs US$ 10 000 and is expected to serve for five years before being
scrapped. With a discount rate of 10% the table shows that the annualization factor
is 3.791. The annual cost is thus: $10 000/3.791 = $2638 (rounded figure).
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Worksheet 1 in this Annex should be used when estimating the increase in packed
volume following the introduction of a new vaccine.5  The principle of the worksheet
is that the storage volume is estimated for vaccines in the existing as well as in the
new immunization schedule and that the increase in packed volume caused by
introducing the new vaccine is assessed. The increase is estimated both in cubic
metres and as a percentage. An electronic version of the worksheet can be downloaded
from the Internet at http://www.who.int/vaccines/en/techdocs/worksheet.xls.
Alternatively, a more simple version of the calculation, the vaccine volume calculator,
in which only the percentage increase in storage space caused by introducing a new
vaccine is estimated, can be found at http://www.who.int/vaccines-documents/Excel/
www586.xls. Here the grossing factor is not taken into account and there is therefore
no distinction between transportation and cold storage.

The information that is necessary when filling in the worksheet is indicated below.

Column B:

Information on packed volume per dose can be obtained from the vaccine supplier.
Selected vaccine volumes are summarized in Annex 5.

Column G:

For transport, the grossing factor accounts for the extra space needed for ice
packs and the insulation of cold boxes or other transport containers. In order to
account for this extra space, vaccine volumes are multiplied by a grossing factor of
at least 1.0.

Transport grossing factors vary with the type of cold box used. In order to make an
estimate it is therefore necessary to know what type of cold box is most frequently
used when transporting the vaccines to regions and districts. The specifications of
several cold boxes are summarized in the WHO/UNICEF Product Information
Sheets. In order to estimate the grossing factor, the external dimensions of the box
should be divided by the vaccine storage capacity. An example of this calculation is
given in Table 4 for a cold box specified in the 2000 Product Information Sheets.

Annex 3:
Calculating packed volume

for transport

5 The packed volume is the volume of the vaccine plus insulated packaging.

vaccines/en/techdocs/worksheet.xls
vaccines-documents/Excel/www586.xls
vaccines-documents/Excel/www586.xls
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Table 4: Calculation of transport grossing factor

RCW 12/CF cold box

cm3

External dimensions (cm) 50 x 55 x 47 129 250

Vaccine storage capacity (litres) 8.5

Vaccine storage capacity (cm3) 8.5 x 1000 8 500

Grossing factor (external dimensions/vaccine storage capacity) 15.2

Column I:

The annual number of births is used without taking the coverage rate into account.
This is recommended because transport is a capital item that should last for years.
It is therefore advised that a predicted or desirable coverage rate be used when
estimating storage volume. In using the annual number of live births a coverage rate
of 100% is assumed. If this is considered very unrealistic the number of live births
can be multiplied by an objective coverage rate to give a smaller required total storage
volume.

Column K:

The annual supply interval is the number of times per year that vaccines are transported
to provinces, districts and health centres.
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The method for estimating the vaccine storage volume for cold storage is essentially
the same as that for transport. However, for cold storage there are two worksheets,
one for the national and regional levels, which includes freezers and refrigerators,
the other for the health centre level, where only refrigerators are used. The worksheet
may be downloaded from the Internet at http://www.who.int/vaccines/en/techdocs/
worksheet.xls.

For cold storage the grossing factor allows extra space for air circulation. This grossing
factor is proportional to the storage volume, i.e. it increases as the storage volume
increases.

At the national level it is usual for cold stores to be used. Here the grossing factor
varies with the size of the room. Recommended values for cold stores are outlined in
Table 5.

Table 5: Grossing factors according to size of cold room

Gross volume  5 m3 10 m3 20 m3 30 m3 40 m3

Grossing factor 2.1 2.4 2.9 3.0 3.0

Source: WHO/EPI/LHIS/96.03 (2002 revision in preparation).

Grossing factors for refrigerators and freezers vary considerably according to the
type of equipment used. It is therefore difficult to give specific recommendations.
As with cold boxes for transport, the grossing factor can be calculated by using the
specifications quoted in the WHO/UNICEF Product Information Sheets.
The manufacturer’s gross volume, which is the internal volume of the refrigerator or
freezer, should be divided by the vaccine storage capacity. An example of this
calculation for a refrigerator specified in the Product Information Sheets is given in
Table 6.

Annex 4:
Calculating  vaccine volume

for cold storage

vaccines/en/techdocs/worksheet.xls
vaccines/en/techdocs/worksheet.xls
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Table 6: Calculation of refrigerator grossing factor

Refrigerator and freezer PR 245 K/E kerosone and electric

Litres

Manufacturer’s gross volume for refrigerator 107

Vaccine storage capacity 18

Grossing factor (gross volume/vaccine storage capacity) 5.9
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Vaccine product Number of Packed volume Source
doses per vial per dose cm3

BCG freeze-dried 10 1.0 WHO recommended maximum

BCG freeze-dried 20 1.0 WHO recommended maximum

DTP 10 3.0 WHO recommended maximum

DTP 20 2.5 WHO recommended maximum

DT for young children 10 3.0 WHO recommended maximum

DT for young children 20 2.5 WHO recommended maximum

Td for adults 10 3.0 WHO recommended maximum

Td for adults 20 2.5 WHO recommended maximum

TT for schoolchildren 10 3.0 WHO recommended maximum

TT for schoolchildren 20 2.5 WHO recommended maximum

TT for pregnant women 10 3.0 WHO recommended maximum

TT for pregnant women 20 2.5 WHO recommended maximum

TT for women of childbearing age 10 3.0 WHO recommended maximum
(routine only)

TT for women of childbearing age 20 2.5 WHO recommended maximum
(routine only)

Oral polio 10 2.5 WHO recommended maximum

Oral polio 20 1.5 WHO recommended maximum

Measles freeze-dried (w/o diluent) 1 9.3 Aventis Pasteur

Measles freeze-dried (w/o diluent) 10 3.0 WHO recommended maximum

MR freeze-dried (w/o diluent) 10 3.0 WHO recommended maximum

MMR freeze-dried (w/o diluent) 10 3.0 WHO recommended maximum

Yellow fever (w/o diluent) 10 3.7 Aventis Pasteur

Yellow fever (w/o diluent) 20 1.8 Aventis Pasteur

Yellow fever (w/o diluent) 10 1.2 Institut Pasteur de Dakar

Yellow fever (w/o diluent) 20 0.6 Institut Pasteur de Dakar

Meningococcal A/C 10 2.5 Aventis Pasteur

Meningococcal A/C 50 1.6 Aventis Pasteur

Annex 5:
Vaccine storage volumes,

including primary packing
(October 2001)
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Vaccine product Number of Packed volume Source
doses per vial per dose cm3

Japanese encephalitis with diluent 1 60.0 Biken

Japanese encephalitis with diluent 10 15.0 Biken

Japanese encephalitis (w/o diluent) 10 8.1 Biken

HepB 1 14.9 Merck

HepB 6 2.7 Merck

HepB 1 9.7 GlaxoSmithKline

HepB 2 4.8 GlaxoSmithKline

HepB 10 2.3 GlaxoSmithKline

HepB 1 33.8 LG, Korea

HepB 10 2.6 LG, Korea

HepB 1 23.5 Green Cross Vaccines Cooperation

HepB 2 11.8 Green Cross Vaccines Cooperation

HepB 10 3.8 Green Cross Vaccines Cooperation

HepB UniJectTM 1 24.6 P.T. Bio Farma (Persero)

Hib liquid 1 32.3 Chiron

Hib liquid 10 13.8 Chiron

Hib liquid 10 9.5 Wyeth

Hib freeze-dried w/o diluent 1 9.7 GlaxoSmithKline

Hib freeze-dried w/o diluent 2 4.8 GlaxoSmithKline

DTP–HepB (two separate vials packed 10 8.2 Green Cross Vaccines Cooperation
 together)

DTP–HepB + AD syringe 2 41.2 Green Cross Vaccines Cooperation
(two separate vials packed together)

DTPa–HepB combined in syringe 1 99.0 GlaxoSmithKline

DTPw–HepB combined 1 9.7 GlaxoSmithKline

DTPw–HepB combined 2 4.8 GlaxoSmithKline

DTPw–HepB combined 10 3.0 GlaxoSmithKline

DTPw–Hib combined freeze-dried + AD syringe* 1 154.0 Aventis Pasteur

DTPw–Hib combined freeze-dried* 10 11.9 Aventis Pasteur

DTPw–Hib combined liquid 1 32.3 Chiron

DTPw–Hib combined liquid 10 13.8 Chiron

DTPw–HepB + Hib combined** 1 19.4 GlaxoSmithKline

DTPw–HepB + Hib combined** 2 9.7 GlaxoSmithKline

DTPw–HepB + Hib combined** 10 5.3 GlaxoSmithKline

* One vial DTPw liquid + one vial Hib freeze-dried (Hib is reconstituted with DTP).
** One vial DTP liquid + one vial Hib freeze-dried (Hib is reconstituted with DTP–HepB)
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Budget line item Subitems

Personnel (salaries/per diems) · Case investigators
· Active surveillance officers / field epidemiologists
· Data managers
· Laboratory staff

Workshops, meetings, training · National training/planning workshops
· Subnational training/planning workshops
· Training of case investigators and surveillance officers
· Laboratory staff training
· Coordination meetings

Social mobilization · Clinician advocacy
· Local meetings

Equipment (capital costs) · Specimen carriers
· Refrigerators/freezers
· Cars, motorcycles, boats, bicycles
· Laboratory equipment
· Computer equipment
· Communications and data transfer equipment

Operations and supplies (recurrent costs) · Specimen kits
· Specimen shippers
· Laboratory consumables
· Vehicle fuel
· Vehicle maintenance (including spare parts)
· Computer maintenance (including spare parts)
· Communications equipment maintenance
· Creation and distribution of standard forms and feedback
· Materials and activities for social mobilization and

advocacy
· Ad hoc reimbursements for notifications
· Freight costs of importing/transporting equipment

Source: Hodge M, Haghgou M, Birmingham M. (2000)

Annex 6:
Budget line items for
disease surveillance
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Cost-effectiveness analysis of public health interventions is performed in order to
guide the allocation of resources. The aim is to inform decision-makers about the
value for money to be expected from investment in certain interventions. One could,
for instance, compare the cost per life-year saved as a consequence of introducing a
new vaccine with that of investing in the expansion of tuberculosis treatment.

The estimation of the incremental costs of introducing a new vaccine is a crucial part
of a cost-effectiveness analysis of the vaccine. Other cost data needed depend on the
viewpoint of the analysis and on the details required. It may also be necessary to
include the following types of data.

· Treatment costs saved as a result of the introduction of the vaccine: an estimate
could be generated, including the public as well as the private health sector,
depending on the viewpoint taken.

· Costs of adverse events following vaccination.

· Time and transport costs incurred by parents seeking vaccination.

· Time and transport costs saved by parents as a result of reduced illness
attributable to vaccination.

The net costs of vaccine introduction should be estimated for the cost-effectiveness
analysis. These are the costs of introducing the vaccine minus the savings attributable
to vaccination, e.g. averted treatment costs.

However, cost data are only one side of the equation of a cost-effectiveness analysis.
Evidence of the effectiveness of vaccination is a necessary foundation for the analysis.
Without good effectiveness data a reliable result cannot be generated. Effectiveness
data can be presented in various ways. A common intermediate outcome measure is
the number of cases prevented, but since this does not indicate much about change in
the health status of a population it cannot be used for comparison with other
interventions. The final outcome measures may be deaths prevented or life-years
gained. An outcome measure that includes morbidity as well as mortality, such as
the quality-adjusted life-year or the disability-adjusted life-year, is generally preferred,
but collecting the required data is difficult and time-consuming (Drummond, O’Brian,
Stoddart and Torrance, 1997).

Depending on the measure of effectiveness that is chosen, the cost-effectiveness
ratio can be expressed as cost per death prevented, cost per life-year saved, cost per
disability-adjusted life-year gained, and so on.

Annex 7:
Using results in cost-effectiveness analysis
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The following data collection forms are reproduced.

A1. Capital costs: waste management

A2. Capital costs: vehicles

A3. Capital costs: cold chain storage

A4. Other capital costs

A5. Recurrent costs: vaccine supplies

A6. Recurrent costs: supplies for waste management

A7. Recurrent costs: supplies for disease surveillance

A8. Recurrent costs: transport

A9. Recurrent costs: cold chain storage

A10. Recurrent costs: personnel

These forms can be downloaded from the Internet at http://www.who.int/vaccines/
en/techdocs/forms.xls.

On each form the input should be described by type and as a unit of measure.
The unit of measure might, for instance, be “each”, e.g. for cars, or “pack of 100”,
e.g. for syringes. Each form has columns for financial costs and economic costs.

Annex 8:
Forms for data collection

vaccines/en/techdocs/forms.xls
vaccines/en/techdocs/forms.xls
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