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I NTRODUCTION 
Since the eradication of small- 

pox in the 197Os, no other disease has 
been eliminated from the world by vacci- 
nation. Advances in mass immunization 
campaigns using oral vaccine have suc- 
cessfully interrupted the transmission of 
wild poliomyelitis virus in many coun- 
tries, however, and have sharply reduced 
its incidence in many others (1, 2). The 
benefits of polio immunization appear 
from some studies to outweigh its costs 
(3), and the cost-effectiveness of mass 
campaigns relative to other means of 
reaching the susceptible population has 
been established, at least in some cir- 
cumstances (4). It therefore seems possi- 
ble, by a suitable intensification of such 
efforts, to eradicate polio-if not all over 
the world, then at least in the Western 
Hemisphere-within the next few years. 

In view of the success of the 
PAHOlWHO Expanded Program on 
Immunization (EPI) in the Americas 
since its inception in 1977, in April 1985 
(5) PAHO recommended that its Mem- 
ber Governments support a five-year, 
US $46 million campaign to eliminate 
polio entirely from the Americas, after 

having to treat or rehabilitate polio vie- 
a 

tims? This estimate of tl-k benefits from 
4 

polio eradication takes no account of the 
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which it would be relatively easy to deal 
with whatever cases might be imported. 
The Member Governments ratified this 
proposal in September 1985 (6); and 
since then PAHO has been developing 
the campaign’s detailed strategy and ob- 
taining financial commitments from pri- 
vate, bilateral, and multilateral donor 
agencies. 

To satisfy some of these agen- 
cies’ requirements, a cost-benefit analy- 
sis was prepared. This article describes 
the assumptions and findings of that 
analysis, which indicate that the eradica- 
tion of polio is economically justified, 
and discusses some of their implications. 
Its concluding section considers the 
terms according to which the eradication 
of polio can be deemed an alternative to 
curative care. 

A SSUMPTIONS o3 
The analysis that follows at- 2 

tempts to answer one specific question: Is i 
the cost of eradicating polio, through the 

2 
2 

program adopted by PAHO, justified 
through the medical costs saved by not 
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gains from reduced pain and suffering, 
from the greater economic productivity 
of individuals who would otherwise be 
paralyzed and rendered unproductive, or 
from the reduction in other vaccine- 
preventable diseases that can be expected 
to result from a successful campaign 
against polio. If eradication is economi- 
cally justified by reduced medical costs 
alone, then there is no doubt that it is 
still more justified when account is taken 
of other benefits. 

The logic of the argument is 
as follows: For each of the five years of 
the eradication campaign, and then for 
each of 10 years thereafter, estimates are 
made of the following: the number of 
cases of paralytic polio that would be pre- 
vented; the cost of treating and rehabili- 
tating that number of polio victims; the 
cost of the eradication effort; and the net 
benefit (in terms of reduced medical ex- 
penses minus the cost of eradication). 
These net benefits are then discounted at 
12 % per year, meaning that $1 .OO saved 
next year is worth only $0.88 saved today, 
etc.3 (This is the discount rate used by 
the Inter-American Development Bank 
for project evaluation, and is chosen be- 
cause the Bank is helping to finance the 
eradication campaign). 

3 If benefits in year t are designated B,, while costs in- 
curred in that year are C,, B, - C, is the net benefit. 

53 
The corresponding discounted net benefit is (B, - C,)/ 

2 
(1 + 3, where i is the interest or discount rate used. 
The present value of this stream of net benefits (posi- 

4 tive or negative) is the sum of these terms over all the 
CL 
2 

years of a project, or in the present case through the 
first 15 years, after which net benefits are positive but, 

R 
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because of discounting, are quite small. 
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Because the campaign is su- 
perimposed upon continuing national 
efforts to control polio through the EPI, 

two cost-benefit calculations are made. 
One compares the total cost-US $74 
million in national effort and $46 mil- 
lion from international donor agencies 
over the first five years, plus $10 million 
per year in national resources thereaf- 
ter-with the total cases and costs that 
could be expected to occur in the absence 
of any substantial effort to control polio. 
The other calculation finds costs derived 
from the current estimated incidence of 
polio and compares these to the cost of 
the resources being sought from donors 
in order to ensure polio eradication by 
eliminating the relatively small numbers 
of cases that still persist after nearly a de- 
cade of the EPI . The first calculation com- 
pares total costs to total benefits (in 
terms of reduced medical expense), 
while the second compares marginal or 
incremental costs to the marginal bene- 
fits of going from the present case inci- 
dence to eradication. In both cases it is 
assumed that every polio victim would 
receive treatment, so that the compari- 
son is really between the cost of prevent- 
ing polio and the cost of treating all 
those who would otherwise get the dis- 
ease. This assumption that all victims re- 
ceive treatment is relaxed later, so that no 
benefit is attributed to cases not actually 
treated. 

A number of additional as- 
sumptions underlying the calculations 
deserve further explanation. These as- 
sumptions are as follows: 

1) The background or “natu- 
ral” level of polio incidence is derived 
from the situation existing before the EPI 

began, when about 3,000 cases of paraly- 
sis and 350 deaths were reported annu- 
ally in the Americas. It is recognized that 
before the EPI started, polio was greatly 
underreported (r), perhaps by a factor of 



five.* If this estimate is accurate, then the 
true pre-EPI incidence would have been 
about 15,000 cases per year. This should 
probably be regarded as an upper 
bound. 

2) The EPI helped to reduce 
the hemispheric total of reported polio 
cases to about 500 a year in 1984 and 
1985. Assuming no change in the degree 
of underreporting, this means the actual 
incidence would have been about 2,500 
cases annually. Of course, the improved 
surveillance that accompanied the EPI 

might also have reduced the underre- 
porting significantly, so that the true in- 
cidence might have been lower, say on 
the order of 1,500 cases per year. It is also 
possible that expecting the level to re- 
main at 2,500 cases per year for the near 
future without eradication is being over- 
optimistic. In the absence of an eradica- 
tion campaign, national efforts might 
not be able to keep the incidence that 
low. For one thing, polio fluctuates cycli- 
cally, and the 19841985 level of cases 
appears to represent a cyclical trough 
from which a slight rebound could be ex- 
pected. For another, vaccination cover- 
age could actually decline because of l-i- 
nancial difficulties and a false sense of 
confidence about the extent of control in 
the absence of a reliable surveillance 
system. 

The example of Jamaica illus- 
trates this latter risk. After over five years 
of reporting zero cases, levels of coverage 
declined; an outbreak then occurred in 
1982 that produced over 50 cases. The 
cost of controlling the epidemic and 
treating the victims has been estimated 

’ It is not easy to estimate polio underreporting, al- 
though surveys of residual lameness provide a basis (see 
I, Session III, Section A). The assumption that before 
the EPI only about 20% of the polio cases were reported 
in Latin America and the Caribbean has been sug- 
gested by Ciro de Quadros and Marjorie Pollock as a 
reasonable estimate. 

at more than ten times the cost needed 
over the preceding five years to prevent 
the outbreak (7). 

There were substantial polio 
increases in Brazil and Colombia from 
1985 to 1986 (8), although these were 
partly offset by declines in Mexico, Haiti, 
and Peru. The buildup of a pool of sus- 
ceptibles and any decline in vaccination 
coverage would have the same results in 
other countries. For this reason it is as- 
sumed that 3,000 cases a year remain to 
be eliminated, rather than the 2,500 fig- 
ure that would result from 500 observed 
cases with 80% underreporting. This 
3,000 figure should also probably be re- 
garded as an upper bound, the lower 
bound being about half as high. 

The external funds to be uti- 
lized in the eradication project will go to 
ensure that a surveillance system is built 
up and that supervisory systems are in 
place-so as to guarantee continued high 
levels of coverage and eventual eradica- 
tion of the wild poliovirus. Without 
these additional resources, it may be very 
difficult for the countries involved to or- 
ganize the needed surveillance systems, 
and it is to be feared that prevailing lev- 
els of coverage will decline for lack of su- 
pervisory systems. 

3) The cost of treating a polio 
victim has been estimated from a 1982 
study conducted in Brazil (9), The ex- 5 

penses included were those of treatment s 
during the acute phase of the disease 
(US $880 on the average, within a range 4 

of US $350 to US $2,800 in different 3 
hospitals), together with those of surgery, 2 
rehabilitation, and subsequent therapy 

Rehabilitation sometimes ex- s 
tends over several years, so rehabilitation . 

costs must be discounted. In the Brazil- 2 
2 
$ 

s 
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ian study, discounting was done at 6% 
per year and was applied over 10 years; 
for purposes of the present calculations, 
the results reported have been adjusted 
to reflect the discount rate of 12% used 
here. With that adjustment, the average 
cost of the surgery, rehabilitation, and 
therapy phase is estimated at $4,949. 
Hence, the total estimated cost of treat- 
ing a polio case is $5,829. 

The combination of such a 
high individual treatment cost and a 
large number of unreported cases means, 
of course, that the estimated total cost of 
treating all polio victims would be quite 
high. In that sense, cost and case esti- 
mates could bias the results in favor of 
the eradication campaign. However, any 
such bias is offset by excluding from con- 
sideration all of the other costs associated 
with paralytic polio. Furthermore, the 
calculations based on these high esti- 
mates are modified later in the analysis 
in order to determine whether eradica- 
tion would still be justified with fewer 
cases or lower treatment costs. 

4) The five-year eradication 
campaign could not expect to bring the 
incidence of polio down to zero in the 
first year. Instead, as surveillance and 
coverage expand, the campaign is ex- 
pected to achieve zero cases by the fifth 
year. It is assumed for purposes of sim- 
plicity that the decline in cases is linear 
over the five years of the campaign. This 

$ means that net benefits increase from the 
2 first to the fifth year, increase sharply in 
4 
z 

the sixth year (when spending drops back 
ry to the maintenance level of US $10 mil- 
-4 
.g 

lion per year), and thereafter remain con- 
9) a 

stant, apart from discounting. At the 

G 
end of the campaign, some 15,000 cases 
per year are being prevented. If there are 

4 

currently about 3,000 cases annually, the 
difference of 12,000 cases that do not oc- 
cur can be attributed to the current level 
of control exerted through the EPI. The 
eradication campaign is assumed to pre- 
vent another 1,000 cases in the fust year 
(for a total of 13,000) and an additional 
500 cases in each succeeding year. 

5) Benefits and costs are cal- 
culated for 10 years beyond the end of 
the eradication campaign, which carries 
the calculation to the end of the century. 
Net benefits continue to accrue beyond 
that point if eradication is maintained, 
but discounting makes their present 
value quite small ($1.00 is worth only 
$0.18 fifteen years from now). 

C OSTS AND BENEFITS 
WHEN ALL POLIO VICTIMi 

ARE TREATED 
The foregoing assumptions 

lead to the costs and benefits shown in 
Table 1. When total costs (including na- 
tional efforts as well as donor contribu- 
tions to eradication) are compared to to- 
tal savings (assuming all cases are 
treated), there is a net present benefit, 
after discounting, of US $2 17.2 million 
in the first five years, and the eradication 
campaign is economically justified in 
each of the first five years, well before 
full eradication is achieved. This simply 
reflects the fact that the current level of 
EPI coverage is economically justified by 
the potential savings in treatment costs 
on the basis of the assumptions 
made here. 

During the 10 years following 
eradication, these calculations indicate a 
further discounted net saving of 
US $264.2 million. Because of discount- 
ing, this is much less than the estimated 
sum of undiscounted savings over 10 



TABLE 1. Costs and benelits associated with polio eradication during a succassful five-year campaign and an ensuing ten-year maitienani% 
period, assuming all polio victims are treated. 

Discount factora 

Tofal costs versus total 
benefits (in milkons of US$): 
Number of cases 

prevented (thousands) 
Savings in treatment 

expenses (millions of US$) 
Cost of eradication 

or maintenance 
Net saving 

(net benefit) 
Net present value 

of discounted savings 

Years of eradication campaign Campaign Years 6-15, Years All 15 
years, per 6-15, years, 

1 2 3 4 5 total annum total total 
0.945 0.844 0.753 0.673 0.601 - -b - _ 

13.0 13.5 14.0 14.5 15.0 70.0 15.0 150.0 220.0 

75.8 78.7 81.6 84.5 87.4 408.0 87.4 874.4 1,282.4 

24.0 24.0 24.0 24.0 24.0 120.0 10.0 100.0 220.0 

51.8 54.7 57.6 60.5 63.4 288.0 77.4 774.4 1,062.4 

48.9 46.1 43.4 40.7 38.1 217.2 -c 264.2 481.4 

Donor costs versus marginal 
benefits (in millions of lJS$): 
Number bf cases 

wevented (thousands) 1.0 1.5 2.0 2.5 3.0 10.0 3.0 30.0 40.0 
Savings in trekment 

expenses (millions of US$) 5.8 8.7 11.7 14.6 17.5 58.3 
Cost of eradication 

or maintenance 9.2 9.2 9.2 9.2 9.2 46.0 
Net saving 

(net benefii) -3.4 -0.5 2.5 5.4 8.3 12.3 
Net present value 

of discounted savings -3.2 -0.4 1.9 3.6 5.0 6.9 

a Discount factors are calcu!ated at mid-year: thus the factor for year one corresponds to discounting at 12% annually for six months. 
b This discount factor varies from 0.536 in year six to 0.194 in year 15. 
c Because of variations in the discount factor fmm year to year, only the ten-year totals are shown. 

17.5 174.9 233.2 

0 0 46.0 

17.5 174.9 187.2 

-c 55.2 62.1 
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years, which is US $774.4 million. (Sav- 
ings in each year of the decade would 
be US $77.4 million, but discounting 
would reduce their present value to only 
US $41.5 million in the first year and 
even smaller values in each subsequent 
year.) Discounting would also reduce the 
present value of anticipated savings dur- 
ing the five-year eradication effort from 
US $288.0 million to US $217.2 million. 

During the whole fifteen year 
interval, the present value of net savings 
is estimated at US $481.4 million. 
Whether the prevention of 220,000 cases 
of paralytic polio would be worth this 
much (or more, or less) to the potential 
victims and their families is not con- 
sidered. 

This estimate is so high be- 
cause it is very expensive to treat even 
one polio victim. However, the conclu- 
sion that eradication is justified does not 
depend on this cost being as high as 
US $5,829. In fact, if the treatment cost 
were only US $1,728 the net total dis- 
counted savings over the five-year eradi- 
cation campaign would be zero, and the 
effort would still pay for itself over the 
next 10 years. (Net savings in each year 
would be US $15.9 million, for a ten- 
year discounted total benefit of US $54.3 
million.) If the campaign had the entire 
15 years to pay for itself, the cost of treat- 
ment could be as low as US $1,207. 

Alternatively, the incidence of 

% polio could be much lower than is as- 
E sumed in Table 1. That is, assuming 
i treatment costs of US $5,829 per patient, 
2 
2 

the number of cases could be reduced to 

.g 
about 3,100 and eradication could still 

P, be justified. 
B Given that the current level of 
rq 

9 

polio control by vaccination is much 
cheaper than treatment of all the cases 

9 that would otherwise occur, it may still 
be asked whether the donor contribution 
of US $46 million for the eradication 

6 campaign would pay for itself in terms of 

reduced incidence and associated lower 
treatment costs. The amount requested 
from donor agencies is 38% of the total 
cost of eradication, but it would be used 
to eliminate only 20% of the pre-EPI 
level of incidence (3,000 cases per year 
out of IS,OOO), the other 80% being 
controlled by national efforts costing 
US $74 million during the five years of 
the campaign. 

Consequently, as the second 
part of Table 1 shows, the donor contri- 
bution exceeds the anticipated saving 
(again assuming treatment of all polio 
victims} during each of the campaign’s 
first two years. This is followed by posi- 
tive net benefits as eradication is 
achieved, for a total net benefit of 
US $6.9 million during the five years of 
the campaign. There would also be a 
positive net benefit of US $17.5 million 
in each subsequent year, while eradica- 
tion would presumably be maintained 
by national efforts without further donor 
financial assistance. Even with discount- 
ing, over the next decade this latter ben- 
efit would amount to a further US $55.2 
million. The result is an estimated net 
discounted positive benefit of US $62.1 
million over the entire fifteen-year 
period. 

This calculation naturally de- 
pends more for its positive value upon 
the assumed high cost of curative treat- 
ment. For the campaign to break even in 
five years (showing zero net discounted 
savings from the donors’ contributions), 
treatment could not cost less than 
US $4,874. That would result in total 
discounted savings of US $46.1 million 
over the ensuing decade. These savings 
(over all 15 years) would still be positive 
at any treatment cost higher than 
US $2,106. Therefore, roughly speaking, 



the eradication of polio appears justified 
if treatment costs at least US $2,000, 
purely on the grounds of reducing the to- 
tal discounted costs of treatment plus 
prevention over a fifteen-year period. 

In other words, while the do- 
nor contribution directed at eradication 
pays off more slowly than the level of po- 
lio control already achieved, it is still an 
economically justified investment com- 
pared to the cost of treating everyone 
who would otherwise get polio. This re- 
mains true despite the higher marginal 
cost associated with expanded coverage, 
and despite the need to devote resources 
to activities other than immunization 
(surveillance and laboratory work) that 
are necessary in order to ensure that erad- 
ication is achieved and maintained. 
Moreover, as in the previous calculation, 
no account is taken of other benefits an- 
ticipated from this investment-such as 
an increased capacity to control other dis- 
eases and consequent further medical 
savings. 

In sum, there is no reason to 
suppose that the current level of polio 
control has already absorbed all the po- 
tential benefit, leaving nothing more to 
be gained from complete eradication of 
the disease. Rather, making an addi- 
tional effort to eliminate polio entirely 
appears justified. This conclusion seems 
invalid only if the cost of treating a polio 
victim is much less than that assumed 
here, or if the number of victims treated 
is far smaller. The next section considers 
the second of these possibilities. 

C OSTS AND BENEFITS 
WHEN TREATMENT IS 

INCOMPLETE 
The apparent economic justi- 

fication for eradicating polio contradicts 
the findings of a cost-benefit analysis of 
polio vaccination in Brazil covering the 
mass immunization campaigns begun in 
1980 (10). On the assumption that such 
campaigns would end in 1983, and that 
thereafter the normal, precampaign rate 
of vaccination would be enough to keep 
polio from reappearing before 1990, it 
was concluded that the mass campaigns 
did not justify their costs (US $30 mil- 
lion), and that no more than US $3.4 
million per year should be spent to main- 
tain the pre-1980 level of vaccination 
coverage. 

This study made several as- 
sumptions that differ from those re- 
flected in Able 1. For one thing, the dis- 
count rate was taken to be 18% rather 
than 12%~ which made future benefits 
less valuable. For another, the fured costs 
of treating children in the acute stage of 
the disease were assumed to be zero, be- 
cause of supposed excess facility and staff 
resources at pediatric hospitals. This 
amounts to supposing that any such re- 
sources would not be used for other med- 
ical care and would not be released-in 5 
other words, that ministries of health R 

would maintain superfluous staff and fa- 3 
cilities. (The costs of the subsequent re- 5 
habilitation and surgery, which were ac- 2 
knowledged to require specialized 2 
personnel and facilities, were not re- 
garded as zero.) The most important dif- 2 
ference, however, is that savings were cal- l 

culated only for the estimated number of 2 
actual curative treatments, rather than 2 

for the number of victims who could 
benefit from such care but did not always 

g 

receive it. Primarily for this reason, the 
mass vaccination campaign appeared to 7 



be justified in Northeast Brazil, where 
the incidence of polio was relatively 
high, but not in the rest of the country. 

Relating the costs of immuni- 
zation to actual rather than potential 
costs of treatment in this way raises two 
important issues. The first concerns the 
appropriate way to deal with those vic- 
tims who get polio but receive no medi- 
cal care. These people are entirely ig- 
nored if only actual spending is 
considered, but of course they account 
for much of the potential benefit of im- 
munization if any kind of price is put on 
pain and suffering (10). The second issue 
concerns marginal costs and benefits. 
Once polio has been brought partly un- 
der control by immunization, the re- 
maining gain from greater coverage may 
be small. However, the cost of obtaining 
greater coverage is likely to be high, since 
the current level has to be maintained 
while immunization is extended to the 
rest of the population. This makes polio 
very different from smallpox, which 
could be combated by concentrating 
only on those areas still reporting the dis- 
ease (only surveillance activities, not vac- 
cination, were needed in areas where 
smallpox had already been eradicated). 

As a result of this problem of 
increasing marginal cost and decreasing 
marginal gain in the case of polio, it may 
never seem justified to fin& the job. 
The calculations in Table 1 indicate, 

% however, that complete eradication is 
a Y-4 justified for polio if the extra expense of 
4 
CL 

donors’ contributions is compared to the 

2 
extra gain made possible thereby. 

.g Among the benefits from complete 
9) 

3 
rather than almost-complete eradication 

: 

are the prevention of later outbreaks like 
the previously mentioned one in Ja- 

3 
maica. These can be expensive to con- 

Qd trol, but because of their uncertain mag- 
nitude and frequency no attempt has 
been made to estimate the present dis- 

8 counted value of the costs they represent. 

It should also be noted that because of 
uncertainty in the estimates of costs and 
incidences it is impossible to determine 
either the marginal point where preven- 
tive efforts cease to be justified or the 
maximum vaccination coverage that pays 
for itself. 

Both calculations in Table 1 
assume that treatment would be pro- 
vided to everyone who actually con- 
tracted the disease. Most of the estimated 
benefits, however, are only potential sav- 
ings that greatly exceed realizable savings 
attainable through actual reduction in 
treatment expenditures. Therefore, the 
next task is to see whether those realiz- 
able savings, by themselves, are enough 
to pay for the cost of eradication, without 
attributing any benefit to cases where 
people are affected by polio but receive 
no medical care. 

This requires estimating the 
number of cases that are or would be 
treated. Before introduction of the EPI, 
the number of cases treated was roughly 
equal to the number reported, in part 
because some countries reported only 
those cases actually treated. (This ac- 
counts in large part for the very high 
level of underreporting.) In the absence 
of control measures, the number of cases 
treated would be at least as large as it was 
a decade ago. Allowing for some im- 
provement in coverage or expansion of 
treatment, and recognizing that in many 
pre-EPI years there were more than 4,000 
reported cases of polio, it seems reason- 
able to take 4,000 cases per year as the 
background or “normal” level of treat- 
ment that would occur in the absence of 
immunization. As in the calculations re- 
ported above, it cannot be supposed that 
the eradication campaign would imme- 



diately eliminate the need to treat those 
cases. Instead, it is supposed that in the 
first year of the campaign there would be 
savings from 2,000 fewer treatments, 
and that this number would rise to 4,000 
cases over the five-year period. This esti- 
mate, which appears in the first line 
of Table 2, shows that over the entire 
fifteen-year period some 55,000 fewer 
treatments would be required. 

Following this assumption, 
net savings are of course much smaller 
than they would be if all polio victims 
were treated. Savings remain negative 
throughout the five years of the cam- 
paign and turn positive thereafter. The 
result is a total net discounted benefit of 
- US $27.3 million during the eradica- 
tion campaign, followed by a positive 
net benefit, after discounting, of 
US $45.4 million during the next de- 
cade. Total net benefits during the entire 
fifteen-year period ate estimated at 
US $18.1 million. 

This means that eradication of 
polio would pay for itself by reducing the 
medical costs of treating those victims 
who actually are or probably would be 
treated. Hence, in order to justify an 
eradication campaign, it is not necessary 
to attribute any benefits to people who 
probably would not receive treatment. 
The magnitude of the net discounted 
benefit is drastically reduced (from 
US $481.4 to US $18.1 million), but it 
continues to be positive. However, be- 
cause the number of treatments is much 
reduced, the cost per treatment could 
not fall appreciably without turning sav- 
ings negative; specifically the minimum 
cost would be US $5,097. 

Assuming that some polio 
victims are not treated has exactly the 

same effect on estimated savings as as- 
suming that fewer people get polio in the 
first place. Ethically, of course, the two 
situations are very different; and the to- 
tal benefits are also different once pain 
and suffering are taken into account. 
Nevertheless, for the purpose of this 
analysis the two are identical. Thus, the 
calculations in Table 2 can be interpreted 
as meaning that polio eradication would 
be justified if there were only 4,000 cases 
annually in the absence of vaccination 
with all cases being treated-in which 
case only about 1,000 cases would re- 
main to be prevented by the eradication 
campaign. This implies that the results 
do not depend critically on the assumed 
high incidence of unreported polio; and 
so, as noted earlier, the level could be as 
low as 3,100 cases per year. 

The profile derived in Table 2 
of immunization expenditures and sav- 
ings ascribed to reduced treatment costs 
is displayed graphically in Figure 1. The 
upper panel of that figure shows the un- 
discounted profile while the lower one 
includes the effect of discounting. As a 
result of discounting, the area of net gain 
is shrunken compared to the area of 
net loss. 

Table 2 also compares mar- 
ginal (donor) costs and marginal benefits 
in the manner of Table 1, assuming only 
a small number of cases treated. Here it 

5 

is supposed that the reduction in treat- 5 
ments never exceeds 1,000 cases per year, 2 
starting from an approximate reduction 2 
of 600 cases the first year. This calcula- 3 
tion shows a total discounted net benefit 0 
of only US $0.6 million over the entire 
15-year period. Based on reduced medi- 

2 

cal costs alone, the donors’ contribution . 

almost exactly pays for itself, assuming z 
treatment costs of US $5,829 per case. 

i? 
s 

In summary, these estimates g 
indicate that the eradication of poliomy- 
elitis is a justifiable investment, even 
without making any allowance for bene- 9 
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TABLE 2. Costs and benefits assoc’k&?d wifh polio eradication during a successful five-year campaign and ten-year maintenance period, assum- 
ing Only a fraction of all polii victfms are treated. The discount factor is the same as that shown in Table 1, 

- 

Years of eradication campaign Campaign Years Years All 15 
YEiS 6-15, 6-15, years, 

1 2 3 4 5 total oer annum total total 

Total costs versus total 
benefits (in millions of US@ 
Number of treatments 

prevented (thousands) 
Savings in treatment 

expenses (millions of US$) 
Cost of eradication 

or maintenance 
Net saving 

(net benefit) 
Net present value 

of discounted savings 

Donor costs versus marginal 
benefits (in millions of lJS$): 
Number of treatments 

prevented (thousands) 
Savings in treatment 

expenses (millions of US$) 
Cost of eradication 

or maintenance 
Net saving 

(net benefii) 
Net present value 

of discounted savings 

2.0 2.5 3.0 3.5 4.0 15.0 4.0 40.0 55.0 

11.7 14.6 17.5 20.4 23.3 87.5 23.3 233.2 320.7 

24.0 24.0 24.0 24.0 24.0 120.0 10.0 100.0 220.0 

-12.3 -9.4 -6.5 -3.6 -0.7 -32.5 13.3 133.2 100.7 

-11.6 -7.9 -4.9 -2.5 -0.4 -27.3 -a 45.4 18.1 

0.6 0.7 0.8 0.9 1.0 4.0 1.0 10.0 14.0 

3.5 4.1 4.7 5.2 5.8 23.3 5.8 58.3 81.6 

9.2 9.2 9.2 9.2 9.2 46.0 0 0 46.0 

-5.7 -5.1 4.5 4.0 3.4 -22.7 5.8 58.3 35.6 

-5.4 -4.3 -3.4 -2.6 -2.0 -17.8 -a 18.3 0.6 

a Because of variitions m the discount factor from year to year, only the ten-year totals are shown 



FIGURE 1. Costs and benefits of polio eradication, assuming treabnent of only some victims or 
reduced numbers of oases (from data in Table 2). 
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fits other than those due to realizable re- Ministry of Health, or whoever now pays 2 
ductions in expenditures to treat victims to treat polio victims. . 
of the disease. Indeed, the cost of treat- It is important, however, to 
ing even a small fraction of those who sound a note of caution. This projected 

$ 

need treatment is large enough to pay for result depends on there being enough 
3 

the total prevention of polio. In other 
s 

words, the eradication of polio would ac- 
tually put money in the coffers of the 11 



current expenditure on treatment. It 
would no longer hold, for example, if 
the level of treatment were only one- 
fourth lower than that assumed in Table 
2. This process of justifying an eradica- 
tion campaign by its effect in reducing 
public expenditure depends on there be- 
ing sufficiently high public expenditure 
to start with; and so the process can lead 
to effects that are clearly perverse. In our 
case, literally applied, and giving no al- 
lowance for nonmonetary benefits in 
terms of reduced pain and suffering, it 
implies that the eradication of polio 
would be justified after spending mil- 
lions of dollars over many years to treat 
polio victims, but would not be justified 
as an &emz&ve to such a treatment ex- 
penditure. That is, eradication would be 
more justified the later it came, after in- 
creasingly large sums of money were 
spent for treatment. 

I MMEDIATE VERSUS 
DELAYED ERADICATION 

To see how such justification 
of immunization, in terms of reduced 
costs alone, could lead to a delay in vacci- 
nation efforts, consider two hypothetical 
regions (A and B) with 15,000 cases of 
paralytic polio per year (the estimated 
pre-EPI level in Latin America and the 

Q3 Caribbean). Suppose that immunization 

3 
has not begun in either region, and sup- 

-;. 
pose further that in neither case are vic- 

CL 
2 

tims of the disease initially being treated. 
The costs of treating a case (US $5 ,S29), 

.g conducting a five-year eradication cam- 
9, a 
a 

paign (US $120 million), and maintain- 
ing eradication thereafter (US $10 mil- 
lion per year) are assumed to be the same 
as in the previous analysis. 

12 

In Region A, efforts are made 
to start treating victims for purely ethical 
reasons, treatment being extended to 
1,000 patients the first year and 1,000 
additional patients per year thereafter. 
At the end of five years, someone per- 
forms a cost-benefit estimate of the sort 
presented above and discovers that it 
would be cheaper to immunize people. 
Over the next five years, immunization is 
gradually extended to enough of the 
population to interrupt the transmission 
of wild poliovirus, and eradication is 
achieved. Thereafter, immunization of 
infants is maintained, and while treat- 
ment continues for the victims accumu- 
lated during the whole ten-year period 
(five without immunization and five af- 
ter immunization began), no new pa- 
tients are admitted for treatment in the 
eleventh and subsequent years. Assum- 
ing linear treatment and immunization 
trends, as shown in Table 3, 112,500 
people get polio during the decade, of 
whom 41,500 are treated and 71,000 re- 
ceive no treatment. 

In Region B, nobody worries 
about cost-benefit analysis of this sort. 
Immunization is begun immediately, 
rather than waiting for five years. Treat- 
ment of victims begins at the same time 
and is extended at the same rate as in Re- 
gion A, except that because of immuni- 
zation, treatment never rises beyond 
4,000 cases per year and falls to zero in 
the sixth year. Over the ten-year period 
only 37,500 people get polio, of whom 
11,500 receive treatment and 26,000 do 
not. This latter figure is only 37 % of the 
number of untreated victims accumu- 
lated in Region A. From year 11 onward 
both regions are identical, in that they 
have no new polio cases and spend 
US $10 million each per year to maintain 
eradication. Any comparison of the two 
regions need therefore consider only the 
first 10 years. 



TABLE 3. A comparison of ten-year costs and results of two hypothetical polio eradication campaigns, one immediate and one 
delayed, discounted at 12% per year as in Tables 1 and 2. 

1 2 3 4 
Years Ten-year 

5 6 7 a 9 10 total 

Region A (delayed campaign) 
Number of polio 

cases (thousands) 
Number of cases 

treated (thousands) 
Untreated victims 

(thousands) 
Cost of treatment 

(million US$) 
Cost of immunization 

(million US$) 
Total cost 
Discounted total 

Region 6 (immediate campaign): 
Number of polio cases 

(thousands) 
Number of cases 

treated (thousands) 
Untreated victims 

(thousands) 
Cost of treatment 

(million US$) 
Cost of immunization 

(million USS) 
Total cost 
Discounted total 

15.0 15.0 15.0 15.0 15.0 13.5 10.5 7.5 4.5 1.5 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 7.5 4.5 1.5 

14.0 13.0 12.0 11.0 10.0 7.5 3.5 0 0 0 

5.8 11.7 17.5 23.3 29.1 35.0 40.9 43.7 26.2 8.7 

12.5 

41.5 

71 .o 

41.9 

0 0 0 0 0 24.0 24.0 24.0 24.0 24.0 120.0 
5.8 11.7 17.5 23.3 29.1 59.0 64.8 67.7 50.2 32.7 361.9 
5.5 9.9 13.2 15.7 17.5 31.6 31.0 28.9 19.2 11.1 183.6 

13.5 10.5 7.5 4.5 1.5 0 0 0 0 0 37.5 

1.0 2.0 3.0 4.0 1.5 0 0 0 0 0 11.5 

12.5 8.5 4.5 0.5 0 0 0 0 0 0 26.0 

5.8 11.7 17.5 23.3 8.7 0 0 0 0 0 67.0 

24.0 24.0 24.0 24.0 24.0 10.0 10.0 10.0 10.0 10.0 170.0 
29.8 35.7 41.5 47.3 32.7 10.0 10.0 10.0 10.0 10.0 237.0 
28.2 30.1 31.3 31.8 19.7 5.4 4.8 4.3 3.8 3.4 162.7 

What do costs look like in the 
two cases? Region A spends a total of 
US $241.9 million on treatment and 
US $120.0 million on immunization 
over the decade, for an undiscounted to- 
tal cost of US $361.9 million. Region B 
spends only $67.0 million on treatment 
(just 28 % of what Region A spends), 
but-since five years of maintenance are 
included after the five years of eradica- 
tion-it spends US $170.0 million on 
immunization, US $50.0 million more 
than Region A. Region B’s undiscounted 
total expenditure is therefore US $237.0 
million, or 66% as much as Region A’s. 

Discounting expenditures at 
12 % per year has more effect on the costs 
in Region A, because spending there 

reaches its peak later, in year eight. This 
is due to initial postponement of the 
eradication campaign and also to the rel- 
atively slow expansion of treatment that 
is assumed; costs would be shifted to- 
ward the early years if treatment were ex- 
tended more rapidly. In Region B, total 
expenditure reaches its peak in year four, 
being higher than in Region A during 
each of the first five years. As a conse- 
quence, the discounted total costs are 
US $183.6 million in Region A and 
US $162.7 million in Region B, so that 
the Region B costs are 89% as high as 
those in Region A. 



At the end of 10 years, nei- 
ther region has any new polio cases. 
However, Region B is clearly better off. It 
has spent US $20.9 million less after dis- 
counting (US $124.9 million less without 
discounting); it has 30,000 fewer treated 
polio victims (who suffer some damage 
from the disease despite treatment); and 
it has 45,000 fewer untreated, paralyzed 
victims. Thus, making an immediate ef- 
fort to eradicate the disease pays off both 
in reduced health damage and in lower 
total treatment and prevention costs. If 
either the cost of treating a polio victim 
or the number of victims were lower, the 
monetary saving in Region B compared 
to Region A would of course be smaller, 
but it would always be positive. If one as- 
sumed that eradication could only be 
justified by saving actual (not potential) 
expenditure on treatment, however, Re- 
gion A pursued the right course by not 
starting immunization until the costs of 
treatment had become relatively high. 

C ONCLUDINGREMARKS 
What accounts for this per- 

verse result? Part of it is due to discount- 
ing future costs and benefits. When the 
assumed number of treatments is re- 
duced from 15,000 per year (Table 1) to 
4,000 per year (Table 2), the undis- 
counted net co savings fall from 

5 
US $1,062.4 million to US $100.7 mil- 

i 
lion. (This is much more than the ap- 

CL proximately 15 : 4 reduction in treatment 
2 savings, because the costs of immunha- 
.g tion are independent of treatment lev- 
u a 3 

els.) Discounting means that net savings 

2 
are reduced much more than ten-fold, 
because savings increase through time; 

thus, net savings of US $481.4 million 
become only US $18.1 million, a 24-fold 
reduction. What this means is that the 
higher the discount rate, the higher the 
number of current treatments necessary 
to justify the cost of eradication. If, as in 
Region A, immunization is delayed 
while treatment costs increase, the effect 
of discounting is to delay eradication 
still more. 

It might seem that the answer 
to this problem is not to discount the fu- 
ture, but instead to base decisions on un- 
discounted costs and benefits. The logic 
of discounting, after all, supposes that a 
given individual, who is the same person 
today and tomorrow, values tomorrow 
less than today (11). But the children 
who will suffer paralytic polio in the fu- 
ture, if the disease is not eradicated, have 
for the most part not been born yet. Dis- 
counting their future therefore means 
valuing them less than those who are al- 
ready here, which is very different from 
making intertemporal choices for a given 
person. 

However, to abandon dis- 
counting means being willing to wait 
forever, provided that eventually benefits 
outweigh costs. The resources required to 
eradicate polio could be applied to other 
uses, including medical uses, which 
might pay off more quickly. So even 
though discounting the future raises an 
awkward ethical question, there is 
no escaping the need to give priority to 
the present, at least so long as the bene- 
fits considered in the two periods can be 
compared. 

The whole question of 
whether eradicating polio is worth the 
cost would not even arise if the private 
market for immunization worked prop- 
erly. No parent wants to see his child par- 
alyzed, and the cost of immunization is 
less than the expected cost of treatment 
per unimmunited child. Therefore, 



every parent should be more than willing 
to pay to have his child protected.> If this 
does not happen, the fault lies with some 
combination of poverty and ignorance. It 
is true that public expenditure to eradi- 
cate the disease takes resources away from 
competing private uses. But requiring 
that such expenditure “pay its way” 
amounts to supposing that the alterna- 
tive private expenditures would be 
equally justified-which seems question- 
able in a world where private demand 
has not yet caused all susceptible chil- 
dren to be immunized. And if the ra- 
tionality of private spending is to be 
doubted, then it is not clear why public 
spending must produce positive dis- 
counted net benefits. 

But the most important rea- 
son why the eradication of polio may not 
appear to be economically justified (as in 
Region A) does not arise from distinc- 
tions between the present and the future 
or between public and private expendi- 
ture. It arises from the different way that 
curative treatment and preventive activi- 
ties are judged. The “justification” for 
immunization is that it costs less than 
treating polio victims. If the aim is to 
minimize the expenditure required to 
avoid paralysis or death from polio, then 
eradicating the disease is clearly prefera- 
ble to continued curative treatment. But 
if the aim is to reduce public expenditure 
on health, then immunization appears 

) Once coverage by vaccination is almost complete a par- 
ent might consider that his unvaccinated child was ade- 
quately protected by the screen of vaccinated children, 
so that there would be no further gain from the child’s 
immunization. This argument would apply, if ever, 
only when coverage w&complete enougr;sb that the 
risk of infection was essentially zero; it would not hold 
at the typically quite incomplete levels of coverage 
found in Latin America. Even at hieher levels of covet- 
age, this argument would make sense only if the cost of 
having the child vaccinated were high compared to the 
benefit, or the risk of paralysis from the vaccine itself 
were substantial. 

to be justified only if curative spending is 
high enough. 

In general, the foregoing ac- 
count assumes that some level of treat- 
ment will be provided, with or without 
economic justification, and then applies 
an economic test to see whether preven- 
tion should replace treatment as the way 
to deal with polio. Why should this be 
considered the right test of an eradica- 
tion campaign’s merit? After all, treating 
polio victims does not save money for the 
government; and if the aim were simply 
to reduce expenditure, then curative care 
could not be justified either. But if “it is 
unacceptable, given the technology pres- 
ently available, that any child in this 
hemisphere should suffer paralytic polio- 
myelitis” (5, p. ii), then the eradication 
of polio is not only ethically justified but 
also economically sound. 
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S UMMARY 
For several years PAHO has 

been seeking financial contributions 
from various donor agencies to support 
the hemispheric polio eradication cam- 
paign. To satisfy some of these agencies’ 
requirements, a cost-benefit analysis of 
polio eradication was prepared. This arti- 
cle describes the assumptions and find- 
ings of that analysis. 

Starting from the beginning, 
the analysis estimated the numbers of 
polio cases occurring before widespread 
immunization began under the PAHO/ 
WHO Expanded Program on Immuniza- 
tion (EPI) in 1977, together with the costs 
of treating cases and achieving eradica- 
tion. It then sought to estimate the case 
incidence prevailing at the start of the 
eradication campaign, after considerable 
progress had been made through the EPI, 
together with the lesser case-treatment 
and immunization costs involved. In 
both instances, it was found that polio 
eradication appeared economically justi- 
fied solely in terms of reduced treatment 
costs, irrespective of reduced pain, suf- 
fering, and incapacitation. Moreover, the 
analysis found that eradication would 
still be economically justified if treat- 
ment costs were considerably lower, if 
substantially fewer cases occurred, or if 
somewhat fewer victims were treated. 

One problem with all this is 
that the economic desirability of eradica- 
tion comes to be viewed through the lens 
of reduced treatment costs; and so, if rel- 
atively few victims are being treated, the 
need for eradication appears less urgent. 
Obviously, this involves considerable dis- 
tortion (among other things, if the aim 
were simply to reduce expenditures, then 
curative care would not be justified ei- 
ther). It is only after other important fac- 
tors are given their due that this distor- 
tion is corrected and polio eradication 

appears justified in ethical as well as eco- 
nomic terms. 
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