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Costs and benefits of measles and mumps
immunization in Austria *

G. WIEDERMANN1 & F. AMBROSCH2

The usefulness of an immunization programme can be evaluated by comparing either
risks and benefits or costs and benefits. By means ofspecialformulae, the benefit-cost ratio
and the benefit-cost difference can be calculatedfor monovalent and bivalent vaccines. An
analysis ofcombined measles-mumps immunization in Austria showed that this measure is
highly profitable economically. Since employed mothers are allowed one week's vacation
each year to nurse a sick child, this affects the calculations. Including the cost of the
"nursing vacation" among the benefits that would be realized following an immunization
programme, the estimated benefit-cost ratio is 4.48; if the cost of the "nursing vacation " is
omitted the ratio is 2.65. The estimated annual benefit-cost differences areAS 1681.90 and
AS 672.85, respectively, per child. Twelve years after the beginning of a programme to
immunize 100 000 1-year-old children peryear (corresponding roughly to the birth rate in
Austria) an amount of AS 528 million would be saved if the "nursing vacation" is
included in the calculations and an amount ofAS 63 million if it is not.

The introduction of new vaccines and changes in
the epidemiological picture have made it necessary
to evaluate the medical and economic benefits and
risks of measles and mumps immunization more
precisely (1, 7, 14). For this purpose, special for-
mulae have been developed that take into account
the risks of the disease and of immunization against
it, the protection rates, and the duration of protec-
tion (1, 14). If immunization is proved to be valuable
from the medical point of view, cost-benefit calcula-
tions may be instrumental in its widespread intro-
duction. Health authorities may be more willing to
introduce vaccination programmes that are both of
benefit to public health and economically profitable
at the same time. In addition, economic considera-
tions may help in establishing an immunization
schedule. Under restricted budgetary conditions,
such calculations would answer the question of
which programme among various possibilities should
be chosen to produce optimal results at low cost.
Grab & Cvjetanovic (7) described a simple

method, using nomograms, for the rough determina-
tion of the cost-benefit balance point of immuniza-
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tion programmes. With the help of data including
costs of treatment per case, costs of immunization
per person, protection rate, and morbidity, it can be
determined whether an economic gain or loss is to be
expected. They demonstrated the usefulness of this
method in connexion with immunization against
cholera, typhoid fever, and tetanus.

METHOD

Another way of assessing immunization pro-
grammes depends on the determination of the
benefit-cost ratio, Qc (3, 15). The formula for Qc
assuming that immunization gives life-long protec-
tion is:

Qc=- CTh
CI + (1 -p) * CT

In this formula, CTh stands for costs of therapy per
person as calculated from the total costs for treat-
ment of one case and the incidence of sickness and
complications, C1 stands for costs of immunization
per person, and p for protection rate. For immuniz-
ation with combined bivalent vaccines, this formula
is modified as follows (15):

Qc= ~~~CaTh + CTh2Q C
CI +1G I) CTh,+ (l P2Y CTk
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In these formulae, the costs for treatment of
immunization failures, (1 - p) * CTh , are also
included. QC gives the ratio between costs for
curative measures in a non-immunized population
and the total costs of prophylactic measures. Im-
munization is profitable if QC > 1.0.

Similarly, the benefit-cost difference can be calcu-
lated by the formulae:

Dc = p Ch- C, for monovalent vaccines, and
Dc = p* Cn, + P2 * CT-h2 - C, for combined
bivalent vaccines.

Dc gives directly the amount of money saved per
person. Immunization is profitable if Dc > 0.
These cost-benefit calculations were applied to

the combined immunization against measles and
mumps in Austria.

ESTIMATES USED IN CALCULATIONS

Costs of immunization (C1)
The estimated costs of immunization (in Austrian

schillings),a including costs of the combined bivalent
vaccine (AS 217.50), practitioner's fee (AS 100.-),
and additional medication (antipyretic) (AS 14.90),
give a total sum of AS 332.40. The cost of the
vaccine, evaluated at the selling price according to
Austria Codex 1977/78, accounts for approximately
two-thirds of the total amount.

Costs of therapy (CT,)
Considering the fact that seroconversion against

measles and mumps is practically 100 %, non-im-
munized persons will not escape measles and mumps
infection and, consequently, the incidence of the
disease can be regarded as 1.

Measles. The costs of measles therapy include the
costs of home treatment, possible hospitalization,
treatment of any residual damage and the so-called
"nursing vacation", a vacation of one week once a
year that is granted to employed mothers in Austria
to nurse a sick child. The estimated costs of home
treatment include the practitioner's fee (one home
visit per child) of AS 237.50, according to social
security guidelines in Austria and the estimated costs
for drugs (antipyretic and antitussive) of AS 32.30.
In 6% of cases, additional medical care is necessary
(two more home visits and chemotherapeutic treat-

a At the time of the study 100 AS = 6.5 US$.

ment). These supplementary measures result in
estimated additional costs of AS 17.40 per child.
Thus, the mean estimated cost for home treatment
per child is AS 287.20.

Hospitalization in cases of measles has been found
necessary in 1.15% of cases (3). The duration of
stay in this study was 11.7 days, on average, at a
daily cost of AS 1208, making the estimated cost for
hospitalization per child AS 162.50.

Residual cerebral damage has been observed in
0.073 per 1000 cases (3). Taking the yearly cost of
care for a disabled child as AS 146 000 and the
mean duration of stay in a home for disabled and
mentally retarded children as 8.33 years gives the
estimated mean cost per child of AS 88.80 for the
care of residual cerebral damage.
The cost for one week (5 working days) of

"nursing vacation", claimed by approximately 20%
of mothers, according to the average wage for
female employees in Austria, is AS 542.50. Thus,
the total costs for measles therapy in a non-im-
munized population may be estimated as AS 1081
per child (Table 1).

Table 1. Estimated cost of measles therapy per child

Home treatment
Practitioner's fee, medicaments and treatment of complica-
tions (6%) AS 287.20

Hospital treatment
Frequency of hospital treatment (1.15%) x average costs per
day (AS 1208) x average stay (11.7 days) AS 162.50

Care of residuals
Frequency of residual cerebral damage (7.3 x 106) x costs

per year (AS 146 000) x average stay (8.33 years) AS 88.80

Total cost without "nursing vacation" AS 538.50

"Nursing vacation"
Average number of days (5) x percentage of employed
mothers (20%) x average wage per day (AS 542.50) AS 542.50

Total cost with "nursing vacation" AS 1081.-

Mumps. The costs of mumps treatment also
include costs for home treatment, hospitalization,
and the " nursing vacation ". Residual cerebral dam-
age was not considered in this disease. Costs for
home treatment again include the practitioner's fee
and an antipyretic but no costs for possible compli-
cations. For home treatment, these estimated costs
total AS 248.80.

Hospitalization has been found necessary in
1.62% of cases in Austria, with a mean duration of
15 days (15). As stated above, mean daily hospital
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costs are AS 1208. Total costs of hospital treatment
can thus be estimated as AS 293.50 per child. Again,
"nursing vacations" of one week were included,
with costs of AS 542.50 per child.

The total cost of mumps treatment in a non-
immunized population may therefore be estimated
as AS 1084.80 per child (Table 2).

Table 2. Estimated costs of mumps therapy per child

Home treatment
Practitioner's fee and medicaments AS 248.80

Hospital treatment
Frequency of hospital treatment (1.62 %) x average costs per
day (AS 1208) x average stay (15 days) AS 293.50

Total cost without "nursing vacation" AS 542.30

"Nursing vacation"
Average number of days (5) x percentage of employed
mothers (20%) x average wages per day (AS 542.50) AS 542.50

Total cost with "nursing vacation" AS 1084.80

Protection rate
Following various serological and epidemiological

investigations, a mean protection rate of 0.9 was
calculated for measles immunization (2, 5, 8, 12,
13). A protection rate of 0.96 was used for immuni-
zation against mumps (4, 9, 10, 11, 16).

RESULTS

The benefit-cost ratio (Qc) and benefit-cost dif-
ference (Dc) have been calculated for Austria using
the estimated costs and protection rates given above
and the results are presented in Table 3. As can be
seen from this table, Qc> 1 and Dc > 0 for measles,

Table 3. Benefit-cost ratio (Qc) and benefit-cost
difference (Dc) (in AS) of measles and mumps
immunization

Qc Dc

Without With Without With
"nursing "nursing " nursing "nursing
vacation" vacation" vacation" vacation"

Measles 1.73 2.95 227.55 715

Mumps 1.96 3.64 266.10 786.90

Measles
and mumps 2.65 4.48 672.85 1681.90

mumps, and measles-mumps immunization,
whether or not a "nursing vacation" was con-
sidered. Thus, immunizations against measles and
mumps are not only beneficial, but also profitable,
by definition.

The benefit-cost ratio of 4.48 for measles-mumps
immunization means that the costs of treating these
diseases (i.e., that would be saved following vacci-
nation) are more than four times greater than the
costs of immunization, including treatment of
immunization failures. Even without consideration
of the "nursing vacation", the benefit-cost ratio is
2.65. Taking into account the "nursing vacation",
the annual savings amount to AS 1681.90 per child
in the population; without the "nursing vacation",
the savings amount to AS 672.85. If measles-
mumps immunization were performed in all children
at the age of 1 year, an amount of AS 168 million
could be saved per year per 100 000 children (the
approximate annual birth rate in Austria); without
consideration of the " nursing vacation ", the amount
saved would be AS 67 million.

Finally, the yearly and accumulated costs and
benefits per 100 000 children were analysed over
12 years assuming that measles-mumps immuniz-
ation were performed in all infants of 1 year of age
(Table 4). The annual benefits would be less than
the annual costs of immunization during the early
years, but the benefits would increase with progress-
ive prevention of disease. The ages of maximum
incidence of measles and mumps are different in
Austria, the maximum morbidity of measles occur-
ring at 4 years of age (2) and the maximum
morbidity of mumps at 8 years of age (6).

These data show that the accumulated costs and
benefits were equal after 4 years, if the costs for the
"nursing vacation" were taken into account. After
12 years, the accumulated benefits amount to AS
528 million. Without the costs of the "nursing
vacation", the balance point is reached after
10 years. In this case, the accumulated benefits over
12 years are AS 63 million. Considering yearly
costs, the balance point is reached much earlier, i.e.,
after 3 years with and after 6 years without the
" nursing vacation ".

These calculations show that the combined im-
munization of 1-year-old children against measles
and mumps in Austria is very beneficial, not only in
medical but also in economic terms.
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Table 4. Costs and benefits (million AS) of measles-mumps vaccination per 100 000
children immunized at the age of 1 year, per year in the 12 years after the beginning of
immunization (with or without "nursing vacation")

Accumulated Annual Accumulated Annual Accumulated
Year cost of savings savings benefit-ost benefit-ost

immunization on therapy on therapy difference difference

With "nursing vacation"

1 33.240 15.188 15.188 -18.052 - 18.062

2 66.480 26.609 41.797 - 6.631 - 24.683

3 99.720 38.719 80.516 5.479 - 19.204

4 132.960 51.786 132.302 18.546 - 0.658

5 166.200 64.193 196.495 30.953 30.295

6 199.440 76.535 273.030 43.295 73.590

7 232.680 87.843 360.873 54.603 128.193

8 265.920 97.747 458.620 64.507 192.700

9 299.160 106.763 565.383 73.523 266.223

10 332.400 114.478 679.861 81.238 347.461

11 365.640 120.986 800.847 87.746 435.207

12 398.880 126.369 927.216 93.129 528.336

Without "nursing vacation"

1 33.240 7.272 7.272 -25.968 - 25.968

2 66.480 13.267 20.539 -19.973 - 45.941

3 99.720 19.306 39.845 -13.934 - 59.875

4 132.960 25.772 65.617 - 7.768 - 67.343

5 166.200 32.013 97.630 - 1.227 - 68.570

6 199.440 38.172 135.802 4.932 - 63.638

7 232.680 43.816 179.618 10.576 - 53.062

8 265.920 48.760 228.378 15.520 - 37.542

9 299.160 53.260 281.038 20.020 - 17.522

10 332.400 57.112 338.750 23.872 6.350

11 365.640 60.362 399.112 27.122 33.472

12 398.880 63.049 462.161 29.809 63.281
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R8SUMIl

COOTS ET AVANTAGES DE LA VACCINATION CONTRE LA ROUGEOLE ET LES OREILLONS EN AUTRICHE

On peut mesurer l'utilite de la vaccination en mettant en
regard les risques ou les coiuts d'une part, et les avantages
d'autre part. Le taux avantages-co(it Qc et la diff6rence
avantages-cofit DC peuvent etre calcules pour les vaccins
monovalents et bivalents au moyen de formules speciales.

L'analyse de la vaccination conjuguee rougeole-oreil-
Ions, en Autriche, a demontre que cette vaccination etait
extremement avantageuse du point de vue economique. Le
taux avantages-coiut est de 2,65 si l'on ne tient pas compte
du z cong6 pour soins aux enfants v, et de 4,48 si l'on tient
compte de ce conge, lequel est un conge professionnel

d'une semaine accorde aux meres une fois par an pour
soigner un enfant malade. Les differences avantages-co6t
s'elevent respectivement a schillings 672,85 ou 1681,90
par enfant.
Douze ans apres l'instauration de la vaccination annuelle

de 100 000 enfants ages d'un an - chiffre qui correspond en
gros au taux de natalite en Autriche - on economise
sch. 63 millions si l'on fait abstraction des conges pour
soins aux enfants, et sch. 528 millions si on les prend en
consideration.
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