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Abstract

Maaria, tuberculogs, and the strains of HIV common in Africakill approximately 5
million people each year. Y et research on vaccines for these diseases remains minima—Ilargey
because potentia vaccine developers fear that they would not be able to sdl enough vaccine at a
sufficient price to recoup their research expenditures.

Enhancing markets for new vaccines could cregte incentives for vaccine research and
increase accessbility of any vaccines developed. For example, the World Bank has proposed
edablishing afund to help developing countries finance purchases of specified vaccinesif they
areinvented. The U.S. adminigtration’s budget proposal includes atax credit for new vaccines
that would match each dollar of vaccine sdeswith adollar of tax credits. This paper examines
the rationde for such proposals.

Private firms currently conduct little research on vaccines againgt malaria, tuberculos's,
and the strains of HIV common in Africa. Thisis not only because these diseases primarily
affect poor countries, but also because vaccines are subject to severe market failures. Once
vaccine developers have invested in devel oping vaccines, government are tempted to use their
powers as regulators, mgor purchasers, and arbiters of intellectua property rights to force prices
to levels that do not cover research costs. Research on vaccinesis an internationa public good,
and none of the many smdl countries that would benefit from a mdaria, tuberculoss, or HIV
vaccine has an incentive to encourage research by unilaterdly offering to pay higher prices. In
fact, most vaccines sold in developing countries are priced at pennies per dose, atiny fraction of
their socid vaue. More expendive, on-patent vaccines are typically not purchased by the poorest
countries. Hence, private developers lack incentives to pursue socidly vauable research
opportunities. Large public purchases could potentialy enlarge the market for vaccines,
benefiting both vaccine producers and the public at large.

Government-directed research programs may be well-suited for basic research, but for the
later, more gpplied stages of research, committing to compensate successful private vaccine
devel opers has important advantages. Under such programs, the public pays only if a successful
veccineis actudly developed. This gives pharmaceutica firms and scientists strong incentives
to sdlf-select research projects that have a reasonable chance of leading to a vaccine, and to focus
on developing aviable vaccine rather than pursuing other gods.

Committing to purchase vaccines and make them available to poor countries may be
attractive relative to other ways of rewarding vaccine developers. Extending patents on other
pharmaceuticas to reward devel opers of new vaccines would place the entire burden of
financing vaccines on those needing these other pharmaceuticas. Increasing pricesfor current
vaccines without explicit incentives for development of new vaccines would be insufficient to
spur new research.



Introduction

Maaria, tuberculosis, and the srains of HIV prevadent in Africakill dmaost five million
people each year. Y et rdative to this enormous burden, very little vaccine research is directed
towards these diseases. Potential vaccine developers fear that they would not be able to sl
enough vaccine at a high enough price to recoup their research investments. Thisis both because
these diseases primarily affect poor countries, and because vaccine markets are severely
digtorted. This paper examines the economic rationae for committing in advance to purchase
vaccines for these diseases. Such commitments could create incentives for vaccine research and
help ensure that if vaccines were developed, poor countries could afford them. Because a
vaccine purchase commitment would require no funds until a vaccine was available, it would not
compete with budgets for current efforts to control diseases usng existing technology.

Theseissues are particularly timely. The U.S. adminigtration’s budget proposa

[ http:/Amww.treas.gov/taxpolicy/library/grnbk00.pdf] includes $1 billion in tax credits over the

2002-2010 period for vaccine sdes. The program would match every dollar of qudifying
vaccine sdeswith adollar of tax credit, effectively doubling the incentive to develop vaccines

for neglected diseases. Qudifying vaccines would have to cover infectious diseases which kill at
least one million people each year, would have to be approved by the U.S. Food and Drug
Adminigtration (FDA), and would have to be certified by the Secretary of the Treasury after
advice from the U.S. Agency for International Development. To qudify for the tax credit, sdes
would have to be made to gpproved purchasing ingtitutions, such as the United Nations
Children’s Fund (UNICEF). Although the administration’s proposdl is structured as atax credit,
it would have effects smilar to an expenditure program that matched private funds spent on

vaccines.
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The World Bank president, James Wolfensohn, recently said that the ingtitution plansto
create a $1 hillion fund to help countries purchase pecified vaccines if and when they are
developed [Financia Times, 2000]. Wolfensohn's proposd is being discussed within the Bank
and would have to be approved by the Bank's board. One option under consideration isamore
genera program to combat communicable diseases of the poor. For agenerd program to
dimulate research, it must include an explicit commitment to help finance the purchase of new
vaccines if and when they are developed. Without an explicit commitment dong the lines
proposed by Wolfensohn, it is unlikely that the large scale investments needed to develop
vaccines will be undertaken.

The concept of avaccine purchase fund has aso received support from European

political leaders [http://www.auswartiges.amt.de, 1999].

Section 1 of this paper provides background information on maaria, HIV, and
tuberculoss; discusses the prospects for vaccines for these diseases; and reviews the current state
of scientific progress towards vaccine devel opment.

Section 2 discusses distortions in the market for vaccines and for vaccine research.
People tend to underconsume vaccines for anumber of reasons. Firdt, individuas have
inadequate incentives to take vaccines, Since those who take vaccines not only benefit
themselves, but aso benefit others by breaking the cycle of infection. Second, the chief
beneficiaries of vaccination are often children, who cannot contract to pay vaccine sellersthe
future earnings they will regp if they take vaccines and stay hedlthy. Third, consumers are often
more willing to pay for treatment than prevention, perhaps because it takes time for them to learn
about the effectiveness of vaccines. Monopoly pricing further limits access to patented vaccines.

Perhaps because of these factors, most countries purchase vaccinesin bulk and distribute them at
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subsidized rates. At appropriate prices, these large public purchases could potentially make both
vaccine producers and the population at large better off than they would be under monopoly
pricing by reducing the cost per dose and expanding the market.

Digtortions in the market for vaccine research are even greater than those for vaccines
themsdlves. Rough caculations suggest that the socid benefits of mdaria, tuberculoss, or HIV
vaccines may easily exceed the returns to a private devel oper by afactor of ten or more, s0
vaccine developers will lack incentives to pursue socidly valuable research opportunities.
Research incentives are too smdl in many fields, but the Stuation is particularly problematic for
vaccines and is dire for vaccines againg diseases which primarily affect poor countries. Itis
often possible to design around vaccine patents, and since vaccines are primarily sold to
governments, brand loyalty provides minima benefit to the origina developer. Once developers
have sunk resources into devel oping vaccines, governments are often tempted to use their powers
as regulators, mgor purchasers, and arbiters of intellectual property rights to obtain vaccines at
prices which cover only manufacturing costs, not research costs. Since research and
development on vaccines for maaria, tuberculosis, and HIV isagloba public good that benefits
many small countries, no single country has an incentive to encourage research by offering
higher prices, and hence many countries have hitorically provided little or no intellectua
property rights protection to vaccines. Most vaccines sold in developing countries sdll for
pennies per dose, and newer, on-patent, vaccines, which sell for adollar or two per dose, do not
reach the poorest countries. Crude calculations suggest that a malaria vaccine would be cost-
effective relative to other developing country health programs at $41 per person immunized.

The gap between the $41 at which a vaccine would be cost-effective and the $2 which the

historical record suggests a vaccine developer would be likdly to obtain for avaccine implies that
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under current ingtitutions, potentia vaccine devel opers would not have incentives to pursue
socidly vauable research opportunities.

Section 3 examines the gppropriate roles of “push” and “pull” programs in encouraging
vaccine research and improving access to vaccines once they are developed. “Push” programs
pay for research inputs, for example through grants to researchers, while “pull” programs pay for
an actua vaccine. Push programs are well suited to financing basic research, becauseit is
important that the results of basic research are quickly communicated to other scientists. Grant-
funded researchers have incentives to publish quickly, while researchers with strong financid
incentives to develop a vaccine might wish to withhold information from competitors.
Higtoricdly, however, governments have relied heavily on push programs to encourage even the
later, more applied stages of vaccine development, in part because it was thought necessary to
finance research expenditures in advance of the development of avaccine. With the
development of the biotech industry and the increased availability of finance from venture
capitdists and large pharmaceutica firms, it is now much essier for scientists to atract investors
to finance research, aslong as a substantial market is expected for the product.

Pull programs can provide such a market, and they have severd attractive features
relaive to traditiona push programs for encouraging the later stages of vaccine devel opment.
Under pull programs, the public pays nothing unless aviable vaccine is developed. This gives
researchers incentives to self-sdect projects with a reasonable chance of yieding aviable
vaccine, rather than to oversdll their research prospects to research administrators and the public.
It dlows politicians and the public to be confident that they are paying for an actua vaccine,
rather than supporting a vaccine-development effort that might not be warranted scientifically.

Pull programs aso provide strong financia incentives for researchers to focus on developing a
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marketable vaccine, rather than pursuing other gods, such as publishing academic articles.
Finaly, pull programs can help ensure that if vaccines are developed, they will reach those who
need them.

Section 4 compares a vaccine purchase commitment program to other pull programs
designed to increase incentives for vaccine research. Rewarding vaccine devel opers with
extensons of patents on other pharmaceuticas would inefficiently and inequitably place the
entire burden of financing vaccine development on patients who need these other
pharmaceuticals. Cash prizes for research are economicaly smilar to avaccine purchase
program, but provide a somewhat wesker link between vaccine qudity and the compensation
paid to vaccine developers. They are dso likely to be politically less attractive and therefore less
credible to potentid vaccine developers. Encouraging vaccine development through research
tournamentsis likely to be difficult, Snce there is no guarantee that a vaccine could be devel oped
within afixed time period. While expanded purchases and deliveries of currently underutilized
vaccines would be highly cogt-€effective hedth interventions in their own right, such purchases
are unlikely on their own to convince potential developers of vaccines for maaria, tuberculos's,
or clades of HIV common in Africathat historicaly fickle internationa aid donorswill provide
funds to purchase vaccines for these diseases ten or fifteen years from now. Explicit purchase
commitments would aso be needed.

A companion paper, “Creating Markets for New Vaccines: Part 11: Design Issues,”
discusses how commitments to purchase vaccines could be structured.

This paper builds on previous literature. The idea of committing to purchase vaccines
was discussed in WHO [1996] and was advocated by a codlition of organizations coordinated by

the International AIDS Vaccine Initiative at the 1997 Denver G8 summit. Since then, theidea
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has been explored by the World Bank AIDS Vaccine Task Force [World Bank, 1999 and 2000].
Kremer and Sachs[1999] and Sachs [1999] have advocated the establishment of a program in
the popular press. This paper dso draws on earlier work on vaccines, including Batson [1999)],
Dupuy and Freidd [1990], Mercer Management Consulting [1998], and Milstien and Batson
[1994], and on the broader academic literature on research incentives, including Guell and
Fischbaum [1995], Johnston and Zeckhauser [1991], Lanjouw and Cockburn [1999], Lichtmann
[1997], Russdll [1998], Scotchmer [1997], Shavell and van Ypserle [1998], and Wright [1983].
This paper differs from some of the earlier work mentioned in examining the case for
commitments to purchase vaccinesin light of the underlying economic principles of asymmetric
information and time congstency. In particular, this paper argues that information asymmetries
between funders and researchers may hamper programs which fund researchersin advance. The
time-inconsstent preferences of governmentsimply that in the abasence of specific commitments
generd statements of intent to purchase vaccines will not be credible. This paper dso differs

from earlier work in comparing commitments to purchase vaccines to other pull programs.

1. Background on Malaria, HIV, and Tuberculosis

This section reviews the burden of the mgor infectious diseases, discusses scientific

prospects for vaccines, and argues that current research efforts are patry relative to the burden

these diseases impose.

1.1. TheBurden of Malaria, HIV/AIDS, and Tuberculosis
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Edtimates of the burden of infectious disease vary widdy, but it is clear that the burden is
huge. The World Health Organization estimates that each year there are 300 million clinica
cases of maariaand 1.1 million degths from mdaria Almost dl cases arein developing
countries, and amost 90% arein Africa[WHO, 1999a]. Mdariais particularly likely to kill
children and pregnant women. Resistance is Spreading to the mgor drugs used for tresting
maariaand for providing short-term protection to travelers [Cowman, 1995].

Each year, gpproximately 1.9 million people die from tuberculoss. More than 98 percent
of these deaths occur in developing countries [WHO, 1999a]. However, with up to 17 percent of
tuberculossinfections resstant to al five mgjor anti-tubercuar drugs, the spread of resistance
poses athreet to developed as well as developing countries [WHO, 1997]. The existing BCG
vaccine, which is digtributed widdly, provides short-run, imperfect protection against
tuberculosis, but a more effective vaccine, providing longer-term protection, is lacking.*

More than 33 million people are infected with HIVV worldwide, over 95% of whom livein
developing countries. 1n 1998, about 2.3 million people died of AIDS, 80% of whom lived in
sub-Saharan Africa. Approximately 5.8 million people were newly infected, 70% of whom were
in sub-Saharan Africa[WHO, 1999a; UNAIDS, 1998]. New life-extending HIV treatments are
far too expensve for mogt individuals and governments in low-income countries. Since people
with compromised immune systems are especidly vulnerable to tuberculoss, the spread of HIV
is contributing to the spread of tuberculoss. Indeed, of the 1.9 million people who die annualy

from tuberculoss, 400,000 are infected with HIV.

! The vaccine has been much more effective in some trial's than others: trialsin Britain suggest effectiveness up to
80%, while those in the southern United States and southern India suggest close to zero effectiveness.
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1.2. The Potential for Vaccines

Vaccines have proved effective againgt many other infectious diseases, and in the long
run, they are likely to be the most effective and sustainable way to fight maaria, tuberculoss,
and HIV/AIDS. The potentia of vaccinesisillusirated most vividly by the success of the
smallpox vaccination program, which led to the eradication of the diseasein the 1970s. About
three-quarters of the world' s children receive a standard package of cheap, off-patent vaccines
through WHO' s Expanded Program on Immunization (EPI), and these vaccines are estimated to
save 3 million lives per year [Kim+-Farley, 1990].> However, only asmdl fraction of childrenin
poor countries receive newer vaccines, such as the Haemophilus influenzae b (Hib) vaccine,
which are ill on patent and hence more expensive.

The Globd Alliance for Vaccines and Immunization (GAVI), with mgor financing from
the Gates Foundation, is undertaking alarge- scale effort to improve utilization of existing
vaccines. Thiseffort islikely to raise coverage rates and save millions of lives. Coverage rates
would likely be further increased if effective vaccines were available againgt maaria,
tuberculoss, or HIV/AIDS, since governments would then have greater incentives to maintain
thar immunization infrastructure, and parents would have more incentive to bring their children
infor vaccination. Even if mdaria, tuberculoss, or HIV vaccines only achieved the same
coverage rates as the inexpensive EPI vaccines, they would still save millions of lives.

The question of whether vaccines can be developed againgt mdaria, tuberculos's, and
HIV remains open, but there is reason to be optimigtic. A recent Nationa Academy of Sciences

report [1996] concludes that the development of amaaria vaccine is scientificaly feesble

2\ accination rates are uneven around the world, but the 74% worldwide vaccination rate does not just reflect rich
country experience: of the 118 million children born each year, 107 million are born in developing countries.
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Candidate vaccines have been shown to protect againgt malariain severa rodent and primate
models. Moreover, the human immune system can be primed againg naturd mdariainfection.
People who survive beyond childhood in maariaendemic areas obtain limited immunity which
protects them againgt severe maaria, athough not againg parasitemia and milder illness. Since
vaccines prime the immune system by mimicking natura infection, vaccines may smilarly
provide protection against severe disease. Recently, candidate vaccines have been shown to
induce protection againg tuberculogsinfection in anima modds. The example of the existing
BCG vaccine suggests that the human immune system can be primed againg tuberculosis
infection. A number of candidate HIV vaccines protect monkeys againg infection and induce
immune responses in humans.

Nonethdess, formidable scientific and technologica obstacles remain in the way of
development of maaria, tuberculosis, and HIV vaccines. All three diseases have many variants
and evolve rgpidly, making it difficult to desgn vaccines which are effective againg dl variants
of the disease and which remain effective over time.

Recent advances in immunology, biochemisiry, and cloning have given scientists new
tools to understand the immune response to these diseases, find correlates of protection useful in
testing whether candidate vaccines are likely to succeed, and develop better animal models.
Genetic sequencing of the organisms causing tuberculogs, AIDS, and maariais either complete
or far advanced. This may help scientists create vaccines which target many different antigens,

and thus are more effective in the face of genetic diversity.

1.3. Current Vaccine Research
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Despite the increasing scientific potentid, current research on vaccines for maaria,
tuberculosis, and HIV is pdtry relaive to the burden of these diseases. Accordingto a
Wdlcome Trugt study, public and non-profit malaria research amounted to about $84 million in
1993, with vaccine research making up only asmal fraction of the total [Wellcome Trust, 1996].
The amount of private sector spending on maariais unknown, but is generaly considered to be
far lower than public spending. Lessis known about tota expenditures on tuberculosis research,
but the United States Nationa Ingtitutes of Hedlth, one of the world' s leading funders of basic
research, spends around $65 million per year on tuberculosis research, compared with $2.7
billion on cancer research [NIH, 1999].

Applied AIDS research is overwhemingly oriented towards trestments which would be
appropriate for people with AIDS in rich countries, rather than towards vaccines appropriate for
poorer countries. The multi-drug treatments for HIV are not feasible for poor countries, since
they cost $10,000-16,000 ayear [PhARMA, 1999, require ongoing immune monitoring, and need
to be taken in perpetuity according to a precise protocol. To the extent that vaccine research is
conducted, it is primarily oriented towards the HIV strains common in rich countries. Most
candidate HIV vaccines tested worldwide are based on clade E, the strain of the virus most
widespread in the United States, Europe, Audiralia, and Latin America, rather than the clades
most common in Africa, where two-thirds of new infections occur. It is uncertain whether a
vaccine developed for one clade would protect against other clades.

More generdly, little research is oriented toward tropical diseases. Pecoul et d. [1999]
report that of the 1,233 drugs licensed worldwide between 1975 and 1997, only 13 were for
tropica diseases. Two of these were modifications of existing medicines, two were produced for

the U.S. military, and five came from veterinary research. Only four were developed by
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commercid pharmaceuticd firms specifically for tropical diseases of humans. (Note, however,
that the definition of tropica disease used in their assessment was narrow, and that many of the

other drugs licensed in this period were useful in both developing and developed countries.)

2. Failuresin the Markets for Vaccines and Vaccine Resear ch

One reason for the paucity of research on vaccines for malaria, tuberculos's, and clades of
HIV common in Africais Smply that the countries affected by these diseases are poor, and
cannot afford to pay much for vaccines. If thiswere the only reason, however, there would be no
particular reason to target aid expenditures to vaccines or vaccine research, rather than to other
goods needed in poor countries, such asfood and shdlter. In fact, however, digortionsin the
markets for vaccines lead them to be underconsumed even relative to the incomes of the poor.
Even more severe ditortions in the research market diminate incentives for private firmsto
conduct vaccine research that would be cost- effective for society as awhole, even by the
gringent cost-effectiveness standards used to eval uate hedlth interventions in poor countries.

Sub-section 2.1 argues that vaccines are underconsumed and that large public purchases
can potentialy make both vaccine producers and consumers better off than they would be under
monopoly pricing. Sub-section 2.2 argues that under current ingitutions, private returnsto
research are limited by the ease of designing around patents and by temptations for governments
to hold down vaccine prices once vaccines have been developed. Sub-section 2.3 reports arough
cd culation suggesting that vaccines would be cogt- effective hedth interventions for poor

countries at prices ten or twenty times as much as vaccine devel opers could hope to redize from
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their work. Thus, under current ingtitutional arrangements, private developers will lack

incentives to pursue socidly valuable research opportunities.

2.1. Failuresinthe Market for Vaccines

Vaccines are underconsumed for avariety of reasons. Firdt, individuas who take
vaccines not only benefit themsalves, but dso help bresk the chain of disease transmission, thus
benefiting the rest of the population. Individuas have no incentive to take these externa benefits
into account in deciding whether to be vaccinated. Second, the chief beneficiaries of vaccines
are often children. Even if the cost of vaccination istrivid reldive to the extra future wages
children will earn if they stay hedlthy, children cannot contract to pay for vaccination out of
those future wages. Third, consumers seem much more willing to pay for treetment then
prevention. Many potentid consumersin developing countries areilliterate and place limited
credence in officid pronouncements about the benefits of vaccination. They may wait to see
these benefits by observing what happens to neighbors who take vaccines. However, the benefits
of vaccines, unlike those of drugs for treating diseases, are difficult to see, snce the benefits of
vaccines are not evident until considerably after vaccines are taken, and many people who do not
take vaccines never get sick.

Monopoaly pricing of vaccines would exacerbate underconsumption of vaccines. This
may explain why governments in the vast mgority of countries purchase vaccines and distribute
them to the population ether free or a a highly subsidized price. Because vaccine development
is expendgve, but manufacturing additiona doses of vaccineistypicaly cheap, large government

purchases can potentially make both vaccine producers and the generd public better off than
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they would be under monopoly pricing to individuas. This can be achieved by purchasing a
large quantity of the vaccine a alower price per dose than under monopoly pricing to
individuds. The vaccine developer can be made better off if the totdl vaue of their sdes (price
times quantity) is higher than it would be under sdesto individuals. Those consumers who
would have been willing to pay the monopoly price are better off, aslong as the taxes they would
have to pay to finance government vaccine purchases are less than the monopoly price. The
consumers who valued the vaccine a more than the production cost but less than the monopoly
price can dso be made better off, aslong as the vaue they place on the vaccine is greater than
the increase in taxes necessary to finance government purchases.

Figure 1 shows a Stuation in which government purchases can potentidly make everyone
better off than under monopoly pricing. The downward-doping line shows the willingness to
pay of different potential consumers for the vaccine, which depends on their income. The lower
horizonta line represents the cost of producing an additiond dose of the vaccine once the
research costs have been incurred and the factory has been built. A monopolist will choose a
price to maximize profits. Area A represents the surplus of revenue over margind
manufacturing costs under monopoly pricing. These funds can be used to cover the costs of
research and development on the vaccine, the costs of building the factory, and any profits. Note
that many people who are not willing to buy the vaccine a the monopoly price would be willing

to pay more than the amount it costs to produce an additiona dose of vaccine.
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Figure 1. Vaccine Pricing and Usage Under
Monopoly Pricing and Gover nment Purchases
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Manufacturing Cost
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To see why large government purchases that expand the market and bring down the
average cost per dose may potentialy be able to make everybody better off, suppose that the
government agrees to pay the vaccine manufacturer an amount equd to the sum of aress A, B, C,
and D in exchange for enough vaccines for the entire population. If these purchases are funded
by taxing people based on their income, with al people who would have paid the monopoly
price paying just under that price, and al other people paying just over the actua production
cost?, vaccine producers and the genera public will both be better off than under monopoly
pricing.*> Areas D and E represent the socia benefit of the vaccine purchase program.

Note that while large government purchases could potentially make both consumers and
producers better off, if governments force prices too low, they risk making vaccine developers

worse off than under a private market system, thus discouraging research.

3 Pharmaceutical manufacturers may try to sell the vaccine to different customers at different prices. However, the
ability of pharmaceutical manufacturers to discriminate between customersin thisway islimited, because al
customerswill try to obtain the vaccine at the lower price. The government has the power to tax higher income
earners at ahigher rate. Pharmaceutical manufacturers may to come up with crude income indicators, for example
by selling at a discount to groups of hospitals, but they have less scope to vary prices with income than the
9overnment doesto vary taxes with income.

Notethat if the willingnessto pay for vaccines depends on factors other than income, then tax-financed
government vaccine purchases may not make literally everyone better off, because some people may not want to
take the vaccine at any price. To seethis, it isuseful to consider the cases of malariaand HIV. If asafe, cheap, and
effective malaria vaccine were developed, almost everyone living in areas with malaria would presumably want to
purchaseit. On the other hand, some people might not want to take an AIDS vaccine, even if it were free, because
they believe that they have avery low chance of contracting the disease. Since taxes would presumably fall equally
on people with alow and a high risk of contracting AIDS, large government purchases of an AIDS vaccine might
not literally make everyone better off. The willingness of people in low-risk groups to pay for the vaccine might be
less than the increase in their taxes necessary to pay for vaccine purchases.
®As discussed in acompanion paper, “Creating Markets for New Vaccines: Part |1: Design Issues’, government
purchase and distribution of products with large development costs but low manufacturing costs involvesits own
difficulties. Hence, governments do not purchase and distribute all such products. However, purchasing vaccinesis
likely to be much easier than purchasing other goods, such as CDs. It isdifficult for the government to specify what
characteristics a CD would need to be eligible for purchase, or how much to pay CD producers as afunction of CD
quality. Specifying eligibility and pricing rulesfor vaccinesis easier, abeit far from trivial.
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2.2. Failuresinthe Market for Vaccine Research

Economigs have estimated that the socia returns to research and development are
typicaly twice the returns to private developers [Nadiri, 1993; Mandfield et d., 1977]. Private
developers therefore lack incentives to pursue research on socidly valuable projects. The gap
between private and socid returnsto research is likely to be much greater for research on
malaria, tuberculoss, and HIV vaccines than in many other research aress of applied research.
Thisisbecauseit is often possible to design around vaccine patents and because governments are
often tempted to use their powers as regulators and large purchasers to hold down vaccine prices
after firms have sunk their research investments and developed a vaccine. Because vaccine
research isaglobd public good benefiting many smdl countries, no single country has an
incentive to pay higher vaccine prices to encourage research.

It is often possible to design around vaccine patents, and this may make it difficult for the
original developers of new vaccines to recoup their research expenditures. Once they have
invested millionsin arisky effort to develop new vaccines, competitors may be able to dightly
alter their approach so as to develop a competing vaccine, driving down prices. In many
indudtries, firg-mover advantages are often as important as patents in spurring innovation.
However, governments and internationa organizations purchase most vaccines, and these
inditutions are not particularly subject to brand loyalty.

Vaccine research is subject to what economists call a“time consstency” problem.
Vaccine research is very expensive, but once vaccines have been invented, they can usudly be

manufactured at low cost.® Once avaccine has been developed, even a public-spirited

® Note, however, that new vaccines, particularly those based on conjugate technology, are likely to have somewhat

greater manufacturing costs than traditional vaccines.



Section 2: Failuresin the Markets for Vaccines and Vaccine Research

17

government may be tempted to try to obtain vaccines at a price that would cover manufacturing
codis but not research costs. Governments are in a strong bargaining position at this point
because they are mgor vaccine purchasers, they regulate vaccines, and they are arbiters of
intellectua property rights. Governments and international organizations therefore can, and do,
bargain for very low prices. Thus, while in theory government purchases of vaccines could
make both vaccine producers and consumers better off, in practice they are often used asa
vehicle to transfer wealth from vaccine producers to consumers.”  Since potential researchers
anticipate this redigtribution, they invest less in research than they otherwise would.
Thetime-congstency problem that leads governments to pay low pricesfor vaccinesis
exacerbated by political problemsin many developing countries that make vaccines alow
political priority. In particular, Snce vaccines ddiver awidely distributed benefit, they tend to
receive less political support than expenditures which benefit more concentrated and politicaly

organized groups, including sdaries for hedth workers.

Moreover, vaccine research and development is a globa public good, so each country has

an incentive to free ride off research financed by other countries' governments or induced by
their intellectud property rights protection. A large country, such as the United States, would
know thet if it did this, it would risk cutting off the flow of future research. Small countries,
such as Uganda, can assume that individually thelr actions will have little effect on total research
incentives. However, if dl African countries act this way, there will be little incentive for
development of amaariavaccine.

Thisfree-riding problem is particularly severe for countries that are only asmdl fraction

of the world market and hence reap only a small fraction of the worldwide benefits of research.

" Large liability awards can also be interpreted as away that governments extract resources from vaccine
developers.
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Pharmaceutica prices are controlled at prices gpproximately one hdf of United States levelsin
the European Union, while in Japan, they are controlled at one quarter of U. S. levels[Robbins
and Freeman, 1988]. The world'sthree leading infectious diseases affect many small developing
countries, which have even less reason to interndize the benefits of drug development than the
European Union or Japan.®

Higtoricdly, developing countries have not provided much protection for intellectua
property rights for pharmaceuticals. Until recently, many developing countries did not grant
patent protection for pharmaceuticals and thereby kept prices low [Siebeck, 1990]. Severd
developing countries, including Indiaand Brazil, have recently agreed to enhance intellectua
property rights for pharmaceuticals, but only under intense trade pressure from the United States.
It remains to be seen whether the promised intellectua property rights policies will be enforced.
Many pharmaceutica firms are skeptical. The South African government recently announced
that it may attempt to force patent holders on AIDS drugs to license their patents to generic
manufacturers. The United Statesinitialy opposed this, but abandoned its opposition in
response to a storm of protest. Given the huge importance of an HIV or maaria vaccine to many
developing countries, it isfar from clear that the U.S. could induce developing countries to
edtablish strong intellectua property rights for such vaccines, short of offering to pay for the
additiond costs this would impose on the countries.

Research on vaccines for diseases prevalent in both developed and devel oping countries

has been stimulated by demand in developed countries. However, the limited intellectud

8 Data on the distribution of burden of disease by country islimited, but some rough cal cul ations suggest that the
share of the worldwide disease burden in the country with the greatest burden ranges from 14% and 18% for HIV
and malariarespectively, which disproportionately affect Africa, to 25% for tuberculosis, which isabig problem
inIndia. The share of burden borne by the top four countriesisin the 40-50% range.
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property rights available in many poor countries deter research on vaccines against diseases such
as maaria, which would have little market in developed countries.

Note that evenif intellectud property rights were enforced globdly, the same arguments
which suggest that nationd vaccine purchases are more efficient than individua purchases would
a0 suggest that internationa purchases are potentialy more efficient than nationa purchases.

If vaccine developers charge a single monopoly price to governments, some countries will not be
able to afford to purchase the vaccine. All countries could potentidly be made better off, aslong
astherich countries paid no more than the monopoly price they would have paid otherwise, and
the poor countries pay less than the amount at which they vaue the vaccine, but more than the
actual production cost. Note aso that even if poor countries could somehow be induced to
edtablish strong intellectua property rights for vaccine devel opers, they would il have market
power as purchasers, and hence would il likely be able to negotiate a price below the full

socia vaue of vaccines. Hence research and development incentives would likely be too small
evenin this case.

The market could reach efficient Sze if vaccine developers charged each nation a
separate price based on what they were willing to pay, through a system of tiered pricing. In
fact, pharmaceutica firms do charge different prices to different countries. However,
opportunities for tiered pricing are limited, partly by the possibility of resde, but primarily by
fear of apalitica backlash in rich countries. Politicaly, it is difficult for pharmaceutica firmsto
justify charging much higher prices in one country than in another. For example, after a
Congressiond hearing in which Seretor Paula Hawkins asked a mgjor vaccine manufacturer how

it could justify charging nearly three times as much to the United States government for vaccines
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asto foreign countries, U.S. manufacturers sopped submitting bids to UNICEF to supply
vaccines’

One way to achieve some of the same objectives as tiered pricing would be to purchase
vaccines internationally for arange of poor countries at a single price and then collect co-
payments from these countries that would vary with their incomes. This gpproach would
increase access to vaccines, while ensuring that richer countries, which have greater willingness
to pay for vaccines, contribute more towards covering the costs of vaccine research and
development. The embarrassment of charging many different prices to different countries would
be avoided. This gpproach would, however, require outside funding to make up the difference
between the price a which vaccines are purchased from manufacturers and the co- payments

received from the poorest countries.

2.3. Social vs. Private Return: Some Quantitative Estimates

A crude preliminary estimate suggests that the socid benefits of vaccines may be ten to
twenty times the private benefits appropriated by vaccine developers. Since potentid vaccine
developers will congder only private returns in setting their research budgets, incentives for
vaccine research are dmogst certainly far too smal.

Consider the potentia benefits from a hypothetical 80 percent effective one-dose maaria
vaccine. A standard way to assess the cost-effectiveness of a hedlth intervention is the cost per

Disability Adjusted Life Year (DALY) saved. Inits 1993 World Development Report, the

® When President Clinton announced his childhood immunization initiativein 1993, he said, “I cannot believe that
anyone seriously believes that America should manufacture vaccines for the world, sell them cheaper in foreign
countries, and immunize fewer Kids as a percentage of the population than any nation in this hemisphere but
Boliviaand Haiti.” [Mitchell, Philipose, and Sanford, 1993].
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World Bank defined hedth interventions as “highly cost-effective’ for poor countriesif they cost
less than $100 per DALY saved. (In contrast, health interventions are considered cost- effective
inthe U.S. at up to 500 to 1000 times this amount — $50,000-$100,000 per year of life saved
[Neumann et d., 2000].) The WHO recently estimated that malaria costs 39.3 million DALY's
per year [WHO, 19993].

Madariais particularly deadly in children under five, who have not yet developed limited
netura immunity, and women pregnant with their firgt child, whose immune sysems are
suppressed. The target population for amadaria vaccine would be the roughly 50 million
children born annudly in low-income and |ower-middle-income countries with high enough
prevaence to make vaccination cost-effective and approximatdly 10 million women pregnant
with ther firgt child living in countries with high enough prevaence to make vaccination of this
group cost effective !’ We assume that 75% of targeted children and 50% of targeted first-time
mothers are reached, so that 42.1 million people are immunized annualy. Incrementd ddivery
costs for adding a single-dose childhood to the EPI package might be about $1.00 per child
vaccinated.™! The margina cost of ddlivery for pregnant women might be closer to $3.00 per
woman vaccinated. A rough caculation suggests that dlivery of such avaccine would save
17.6 million DALY s each year and would cost $52.2 million annualy for addlivery cost of
about $2.97 per DALY saved. Thisimpliesthat at a cost-effectiveness threshold of $100 per
DALY, an 80% effective maaria vaccine would be cost- effective even at a price of $41 per

immunized person, or atotal or $.17 billion annually to immunize 42.1 million people® Note

10 Existing cohorts of children younger than five might also be vaccinated, but since thisis a one-time occurrence, it
isignored in this calculation.
1 The addition of both the hepatitis B and the yellow fever vaccines (which are relatively expensive) to the WHO's
Expanded Program of |mmunization increased the $15 cost of the program by 15%, or $2.25, including both
manufacturing and distribution costs.
1270 see this, notethat 17.6 million DALYsx $100/DALY = $1.76 billion = $52.2 million in delivery costs + $41
per dose x 42.1 million doses.
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that these figures do not take into account knock-on reductions in secondary infections or the
potentia economic benefits of reducing maaria prevaence beyond the impact on the individud
suffering from the dissase ™ (See [Glennerster and Kremer, 2000] for more detailed calculations
of vaccine cogt effectiveness.)

These cdculations imply that from the standpoint of society as awhole, it would be cost-
effective for private developers to conduct research leading to a maaria vaccine, even if the
research were risky and expensive enough that the developer would have to charge $41 per
immunized person, or $1.7 billion annually, in perpetuity, to recoup the research costs and the
risk of failure. However, such aresearch investment would not be cost-effective from the
standpoint of a private developer. To give some indication of this, the total developing country
market for childhood vaccinesis $200 million annualy [World Bank AIDS Vaccine Task Force,
2000]. The combined cost of the Six vaccines in the standard Expanded Program on
Immunization (EP) package is about $0.50 [Robbins and Freeman, 1988]. Of course, avaccine
under patent would likely generate greater revenues than off-patent vaccines. However, when
the hepatitis B vaccine was firgt introduced and priced at $30 per dosg, it was used infrequently
in developing countries [Muraskin 1995; Galambos 1995].1* Even at adollar or two per dose,
hepatitis B and Haemophilus influenzae b vaccines do not reach most children in the poorest
countries [Genera Accounting Office, 1999]. It ssemslikdy that the developer of amdaria
vaccine would receive payments worth |ess than one-tenth or one-twentieth of the $41 per

immunized person a which vaccines would be cost effective. The huge disparity between

13 Gallup and Sachs [2000] use a cross-country regression approach to estimate that countries with severe malaria
grew 1.3% less per year than those without malaria. It isdifficult to know the portion of this statistical relationship
whichis causal.

14 Even if the entire pharmaceutical budget in many African countries went to malaria vaccines, the benefit to a
vaccine devel oper would be far less than the social benefit.
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private incentivesto invest in research and the socia benefits of a vaccine suggests that research
investment will be far too little in the absence of public support.

To summarize, vaccine research is an internationa public good, since efforts by one
country to develop a maaria vaccine will benefit others aswell. Once vaccines are developed,
governments may be tempted not to compensate vaccine developers for their research
expenditures, so potentid developerswill not invest in research without credible commitments
that they will be paid. A rough quantitative estimate suggests that vaccine developers will lack
incentive to pursue maaria, tuberculoss, and HIV vaccine research, even if this research would
be extremely cogt-effective for society asawhole. These factors suggest that encouraging
vaccine research may be very cost-effective relative to existing forms of development assstance
which do not particularly target globa public goods. The next two sections discuss dternative

way's to promote vaccine research.

3. TheRolesof Push and Pull Programsin Encouraging Vaccine Resear ch

The literature on vaccine research distinguishes between “push” and “pull” programs.
Push programs provide funding for vaccine research, for example through grants to academics,
public equity investments in vaccine development, research and development tax credits, or work
in government laboratories. Pull programs increase rewards for development of avaccine, for
example by promising to purchase avaccineif it is developed. Roughly, the diginction is
between paying for research inputs and paying for research outputs. Sub-section 3.1 argues that
pull programs are well-suited to the later stages of the vaccine development process, and

discusses some of the problems with push programs, asillugtrated by the history of USAID’s
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push program to develop amaariavaccine. Sub-section 3.2 argues that push programs are well-

suited to financing basic research, and discusses how push and pull programs can be combined.

3.1. ThePotential Role of Pull Programs

Higtorically, programs designed to encourage vaccine research financed research inputs
ahead of time rather than offering to pay for avaccine™® This may have been in part because
there were reatively few sources of finance for commercia pharmaceutical research outsde a
few mgjor pharmaceutical companies. However, the rise of the biotech indugtry, the availability
of venture capitd, and the increased willingness and ahility of large pharmaceutica firmsto
contract with smdler firms and universities have made it much easer for ressarchers with
reasonable scientific prospects of developing a product to attract outside investors, aslong asa
aufficient market is expected for the product. Pull programs could create such amarket. Itis
worth reevauating methods of supporting research in light of this changed ingtitutional
environment.

Under pull programs the government pays nothing unless avaccine is developed. This
creates strong incentives for researchersto 1) carefully select research projects and 2) focus on
developing viable vaccines, rather than pursuing other godls.

Perhaps the chief advantage of pull programs that provide strong financia incentives for
production of avaccine isthat they help in selecting research projects. Thisistrue both at the

level of sdlecting individud research projects and at the level of determining whether amgor

15 Several vaccines were therefore devel oped primarily in the public sector, and only later licensed out to the private
sector for production. For example, the meningococcal meningitis vaccine was devel oped almost entirely at the
Walter Reed Army Institute of Research, and a hepatitis B vaccine was designed by the Hepatitis B Task Force
[Muraskin, 1995]. However, it isnot clear that the development of these vaccinesin the public sector reflects so
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research effort on vaccines for mdaria, tuberculogs, or AIDS is scientificaly warranted at all.
Researchers working on a particular line of research have an interest in exaggerating the promise
of their own lines of research. Scientific adminigtrators may have trouble deciding which
diseases are worth working on, and which vaccine gpproaches, if any, are worth pursuing. They
may wind up financing ideas with only a minute probability of success, or worsg, failing to fund
promising vaccine research because they do not have confidence that its backers are presenting
objective information on its prospects.

Public-sector equity investments in vaccine-development projects are subject to asmilar
problem. Firmswhich believe that they have identified projects with very high expected net
present value will be least inclined to seek public sector investments which would dilute their
equity stake, while those who are least confident about their research prospects will be most
inclined to seek outside equity investment.

Even if government-directed research programs manage to initidly select appropriate
research projects, they arelikely to fail to revise these judgementsin light of later evidence. If
results on a particular research project that initidly gppear promising later turn out to be
disappointing, a private firmislikely to shut the project down. A public entity may acquireits
own bureaucratic momentum, leading governments to throw good money after bad. Public
Sector inditutions are notorioudy difficult to shut down.

The problem of selecting research projects exists not only on the level of deciding which
research avenues toward a particular vaccine are most promising, but dso at the level of deciding
whether to expand vaccine research at al. Section 2.3 argued that since vaccines would be cost-
effective at prices much greeter than vaccines developers could hope to receive, private

developers would have an incentive to pass up research opportunities that were cost-effective

much the suitability of the public sector for thistask as the barriers facing private-sector vaccine devel opment.
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from the standpoint of society asawhole. This does not prove that such opportunities exig.
Elected officids and the public are likely to find it very difficult to assess the scientific
opportunities for research on maaria, tuberculoss, and AIDS vaccines. Under a system of
grant-financed research, advocates for particular diseases and scientists working on the disease
have an interest in exaggerating the opportunities.

While the gap between private and socid incentives for vaccine development does not
prove that socidly useful research opportunities exigt, it does suggest a case for bringing private
and socid incentivesinto line, so that private developers will have incentives to pursue any
socialy desirable research investments that do exist. A vaccine purchase commitment can do
this. Since taxpayers pay nothing unless and until an effective vaccineis produced, €ected
officids and the public do not have to worry thet they are investing millions to develop a
technicaly infeasble vaccine. Government officials do not have to decide between competing
scientific approaches. Pharmaceutica firms contemplating pursuing aline of research and
scientists contemplating joining biotech ventures in exchange for stock options will invest ther

money and time only if they believe the scientific prospects are promising. Purchase

commitments have an advantage over research grants or equity investments precisaly because the

scientific potentid for vaccinesis difficult for outsders to assess.

In addition to alowing researchers to salf-sdlect promising projects, pull programs
encourage researchers to focus intently on developing a marketable vaccine, rather than on other
gods. Many academic and government researchers have career incentives and intdllectua
interests that orient them to fundamental science. In contradt, the later, more applied stages of
vaccine development include activities that are not particularly interesting intellectudly, but are

expensve. Techniques for manufacturing sufficient quantities of candidate vaccinesin sufficient
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purity for clinica tris must be developed. Anima mode s for the disease must be created.
Vaccinetriasin the field must be conducted. Nobody wins a Nobd Prize for these important
gepsin vaccine development. By linking payment to results, pull programs provide strong
incentives to researchers to concentrate their efforts on development of avaccine!® Under a
system of grant-financed research it can be difficult to monitor that researchers are focusing on
development of avaccine rather than publishing articles or applying for the next grant.

A smilar monitoring problem arises when private research is subsidized through R & D
targeted tax credits. Currently, U.S. companies are digible for a 20% research and development
tax credit. A hill recently introduced in the United States Congress proposes increasing this
credit to 30% for research on vaccines for diseases that kill more than one million people ayesr.
One potentia problem with such an approach isthat firms doing research with only indirect
implications for these diseases might try to dam digibility for the credit, while focusng much
of their effort on developing more lucrative products.’ In contrast, a tax credit linked to the sdle
of avaccine, such as that proposed in President Clinton's 2000 budget, does not face the same
monitoring problems. This credit will only be awarded if a marketable vaccine is produced.

Another problem with push programs is that when governments directly alocate research
gpending up front, they sometimes base decisions on paliticd, rather than scientific,
condderations. For example, there may be pressure to spend funds in particular congressional
digricts. The andogue for internationaly supported research on maaria, tuberculoss, and HIV

is palitica pressure to alocate research expenditures to particular countries, developing countries

16 Of course to the extent that some of the work required to produce avaccine is not so intellectually interesting,
scientists will need to be paid more to conduct this work [ See Stern, 2000].

17 Another problem with the particular form of the research and development tax credit used in the United Statesis
that it rewardsincremental R& D spending, thus creating aratchet effect which limits the rewardsfor sustained
high R& D expenditures[Hall, 1993].
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in particular. With pull programs, in contrast, the sponsors promise to pay for aviable vaccine
wherever it is developed.

The risks that grant-funded scientists and research administrators competing for budgets
will overestimate the chances of success and divert resources away from vaccine research are far
from hypothetica. Desowitz [1991] chronicles the sad story of the U.S. Agency for International
Development’s (USAID) 1980s push program to develop amdariavaccine. USAID’s efforts
focused on threeteams. A candidate vaccine was developed by the first team. Testswith 9
volunteers found that only 2 were protected from maaria, and suggested that the vaccine created
ddeeffects. Theseresults, mixed at best, did not prevent USAID from issuing wildly
overoptimistic statements. In 1984, the agency claimed that there had been a“major
breskthrough in the development of avaccine againg the most deadly form of maariain human
beings. The vaccine should be ready for use around the world, especidly in developing
countries, within five years”*® Fifteen years |ater, the world is till waiting for amaariavaccine.

Early work by the second team yielded disappointing results, but not surprisngly, the
principa investigator argued that his gpproach was il worth pursing and requested an
additiona $2.38 million from USAID. The expert consultants assigned to review the project
recommended that the research not be funded. However, USAID’ s malaria vaccine project
director told the USAID Office of Procurement that the expert panel “had endorsed the scientific
methodology and the exceptional qudifications and experience of the researchers”*® Once the
grant came through, the principa investigator transferred grant funds to his persond account. He

was later indicted for theft.

18 All quotations are taken from Desowitz [1991], p. 255.
19 From Desowitz [1991], p.258.
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The externd evauations of the third proposal caled it mediocre and unredigtic. The
USAID project director ignored the report and arranged for the project to be fully funded. The
principd investigator and his adminigtrative assstant were later indicted for theft and crimina
conspiracy in diverting money from the grant to their persona accounts. Two months before his
arrest, the Rockefeler Foundation had provided him with a $750,000 research grant, and on the
very day that he was arrested, USAID announced it was giving him an additiond $1.65 million
for research.

By 1986, USAID had spent over $60 million on its mdaria vaccine efforts, with little
progress. Since USAID believed that there would soon be many candidate malaria vaccines
suitable for testing, it tried to obtain monkeys as test subjects for these vaccines. USAID’s
malaria vaccine project director, James Erickson, arranged for a contract to acquire monkeysto
go to an associate who paid him akickback. Erickson eventualy pleaded guilty to accepting an
illegd gratuity, filing fase tax returns, and making fase Satements.

What about outside oversight? USAID had arranged for independent oversight to be
provided by the American Ingtitute of Biologicd Science (AIBS). Erickson and the AIBS-
assigned project manager were lovers.

The USAID case is extreme, and many push programs are quite successful. But the
generd principle remains that researchers funded under push programs have incentivesto be
overoptimistic, and since they are paid before delivering a product, they may be tempted to
divert resources away from the search for avaccine,

The USAID example may shed light on why the adminigtrators of push programs and the
researchers financed by such programs often believe that push programs are somehow chegper

than pull programs.
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As afirgt gpproximation, a biotech or pharmaceutica firm will find it profitable to take
on aproject if the probability of success times the net present vaue of profitsif the project
succeeds exceeds the cost of undertaking the project. Thisimpliesthat even in the best casg, if
the government funds only worthwhile research projects and researchers focus dl their energies
on developing a vaccine, the expected discounted cost of developing avaccineislikely to be
smilar in net present value terms whether research is financed at the front end, through
government grants or induced by payments for a successful vaccine at the back end?° Inthe
more likely case, when research organizations are more careful in sdecting projects and more
focused on developing vaccines if they are only paid if they succeed, private researchislikely to
be more cost-effective than government programs.

Why then do many government scientists argue that push programs are cheaper than pulll
programs? The USAID exampleillusirates that researchers are prone to underestimate their
costs and overestimate their chance of success. Of course, scientists in pharmaceutica firms do
the same. But pharmaceutica executives and biotech investors anticipate this overoptimism, and
correct for it by requiring high projected hurdle rates before gpproving projects or investing
funds® The net effect is that pharmaceutical executives and biotech investors wind up approving
projectsthat are likely to have positive net present vaue after correcting for the overoptimism of
project proponents. It is mideading to compare the amounts government scientists claim they
would need to develop vaccines with the markets pharmaceutical executives claim they would
need to justify vaccine invesments.

The analyss above istheoreticad, but it is congstent with the empirica evidence, which

suggests that both government and private R & D have strong positive returns, but that the rate of

20 The cost of capital may be lower for the government than for pharmaceutical firms, but the difference is not that
large.
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return on private R & D issubgtantialy greater [Nadiri, 1993; Nadiri and Mamunesas, 1994; and
Bernstein and Nadiri, 1988, 1991]. The empirica record of government efforts to pick winners
in research and development of commercid productsis littered with falures, from supersonic
transport to the breeder reactor to the Carter oil shae program.

In summary, while the case of USAID’ s mdaria vaccine program is extreme, and many
push programs are effective, push programsin generd are vulnerable to overoptimism and
monitoring problems. With pull programs, in contrast, biotech and pharmaceutica firms spend

their own money on research, and the public pays only if avaccine is produced.

3.2. Combining Push and Pull Programs

Although pull programs have an advantage in the later stages of development, push
programs are likely to be well-suited to financing basic research. The main objective of basic
research, by definition, isto provide information to other researchers rather than to develop
products. A program which ties incentives to the development of a product would encourage
researchers to keep their research results private as long as possible in order to have an advantage
in the next stage of research. In contrast, grant-funded academics and scientists in government
|aboratories have career incentives to publish their results quickly. (Oneway around this would
be to link payment to research output, but it is difficult to measure the quality of basic research.

It isnot smply amatter of testing if a vaccine works, or a product sdlls))

Push programs aso have some attractive features even for later stages of research. To the

extent that intermediate steps in the vaccine research and development process create spillovers

for other researchers, it might be worth considering providing milestone payments tied to these
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intermediate steps. For example, milestone payments could be paid if efficacy were
demondtrated in animals. However, milestone payments do not target the ultimate objective of a
vaccine, and hence might stimulate wasteful invesments in research lines thet were unlikely to
lead to aviable vaccine. For example, researchers might try to demondirate efficacy in anima
models for avaccine that was unlikely to be safe in humans. This problem is greater the larger
the milestone payment; if a milestone payment is greater than the cost of performing the

research, firms might find it profitable to reach the milestone even if they know they can go no
further. Milestone paymentswill be lesslikely to stimulate wasteful research on candidates
unlikdly to yidd aviable vaccine if they are given in the form of subsidies for future research on
the candidate vaccine.

It is not clear whether the same body which administers a vaccine purchase commitment
program should also award milestone payments. On the one hand, atrack record of milestone
payments could help build credibility for a vaccine purchase commitment. On the other hand, a
committee that had supported, or not supported, aline of research through milestone payments
might find it difficult to be objective in assessing digibility and pricing for avaccine purchase
commitment.

Push programs have other advantages. Government programs that pay for research
whether it succeeds or fails transfer the risk of failure from the research firms' shareholders to
society a large, and to the extent that shareholders cannot diversify risk in the stcock market, this
risk-spreading is a potential advantage of push programs. A number of theoretica models
suggest that private firms competing for a patent may inefficiently duplicate each other’s

activities. A centrdized program may prevent this. (On the other hand, while decentraization



Section 3: The Roles of Push and Pull Programs

may lead to some duplication of effort, it aso means that mistakes by a single decision maker
will not block progress towards avaccine.)

One of the biggest advantages of push programs relative to pull programs (other than
patents) is that they do not require specifying the output ahead of time. A pull program could not
have been used to encourage the development of the Post-1t Note® or the graphical user interface,
because these products could not have been adequately described before they were invented. In
contradt, it is comparatively easier to define what is meant by a safe and efficacious vaccine, and
exiging inditutions, such asthe U.S. FDA, are dlready charged with making these
determinations. As discussed in the companion paper, “Creating Markets for New Vaccines:
Dedgn Issues” even for vaccines, however, defining digibility Sandardsis far from trivid,

In generd, society seemsto prefer to use direct government support for basic research,
while using the promise of an exclusive market, rather than centralized government programs, to
dimulate the gpplied work of actua product development. Applying the same principle to
vaccines would suggest using the promise of a market to encourage applied vaccine research.

Some push programs are aready in place to sour vaccine research, dthough funding is
modest. For example, the International AIDS Vaccine Initiative (IAVI) supports AIDS vaccine
efforts. In contrast, there are currently no programs in place to fully reward developers of viable
malaria, tuberculogs, or HIV vaccines. If the dready existing push programs were
complemented with pull programs, researchers would gill have an incentive to pursue any
promising research leads that dip though the cracks of the push system.

If vaccine research were supported through amix of push and pull programs, push

funders could insist on a share of revenues if a project they support leads to a vaccine thet is
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rewarded through a pull program, or could condition public financing on agreement to supply the

vaccine to poor countries a a modest markup over manufacturing costs.

4. Alternative Pull Programs

Pull programs that reward successful vaccine research could take severd different forms
other than commitments to purchase vaccines, including extensons of patent rights on other
products, cash prizes, research tournaments, and signaing willingness to pay more for future
vaccines by purchasing more existing vaccines a a higher price® Given the huge disparities
between private and socid returns to research, it islikely that any reasonable program to reward
vaccine developers would be cost effective rdative to the dternative of gicking with the status
quo. However, this section argues that extensons of patent rights on other pharmaceuticas are
not the mogt efficient way to reward vaccine developers, that while cash prizes and commitments
to purchase vaccines are economicaly quite smilar, purchase commitments are likely to be
somewhat more attractive politicaly, and thus more credible to potentia vaccine devel opers, and
that research tournaments are ingppropriate for Stuations like vaccine development, in whichiitis
possible that no satisfactory product will be crested by agiven date. Purchasing and distributing
currently underutilized vaccinesis certainly judtified in its own right, but on its own is unlikely

to convince potentia developers of vaccines for maaria, tuberculosis, or strains of HIV common

21 1n aprevious paper [Kremer, 1998], | discuss the possibility of buying out patents, using an auction to establish
the patent’ svalue. This can be seen as amethod of determining the appropriate cash prizein lieu of a patent. One
advantage of this approach isthat it can be used even for inventions such as the Post-It® note, which could not be
defined ahead of time and which would be very hard to create even a semi-objective procedure for valuing. On the
other hand, the auction procedure for valuing patents described in that paper may be subject to collusion. For
products such as vaccines, which are comparatively easier to define ahead of time and for which it is comparatively
easy to eval uate effectiveness, advance purchase commitments may bejust as effective as patent buyouts, and less
subject to collusion.
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in Africathet the internationad community will be willing to pay for these vaccinesin ten or

fifteen years.

4.1 Patent Extensions

Jonathan Mann, the late founding director of the WHO Globd Program on AIDS,
suggested compensating the developer of an HIV vaccine with atenyear extenson of patent
rights on another pharmaceutica. With successful pharmaceuticas bringing in as much as $3.6
billion in annua sdes[CNNfn, 1998] such a patent extension would be very valuable. Patent
extensons may be politically appedling to advocates, in that they need not go through the budget
process. However, they inefficiently and inequitably place the entire burden of financing
vaccine development on patients in need of the drug for which the patent has been extended. To
seethis, note that extending the patent on Prozac as compensation for developing an HIV
vaccine is economicaly equivaent to imposing a high tax on Prozac and using the proceeds to
finance cash compensation for the HIV vaccine developer. High taxes on narrow bases are
typicdly an inefficient way of raising revenue, snce they distort consumption away from the
taxed good.??  An extension of the Prozac patent would prevent some people from getting needed
treatment for depression.

The potentid countervailing advantage of patentsis that when they are applied to the
invented good, they closaly link the inventor’s compensetion to the vaue of the invention, since

inventors will be able to charge more for vauable inventions. If avaccine is more effective,

22 As Michael Rothchild has pointed out to me, if governments and Health Maintenance Organizations (HMOs)
purchase pharmaceuticals, patents may be equivalent to a broad-based tax. Nonetheless, patents may still be
distortionary if HM Os and governments respond to pharmaceutical pricesin their treatment decisions. Governments
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causes fewer sde effects, and is easier to adminiger, it will bring in more revenue. Patents
therefore create gppropriate incentives for potential inventors. However, rewarding the inventor
of an HIV vaccine with the extenson of a Prozac patent diminates this link between the
usefulness of the invention and the magnitude of the compensation.

Another disadvantage of compensating vaccine inventors with extensions of patents on
unrelated pharmaceuticas is that the right to extend a patent would be worth the most to firms
holding patents on commercidly vauable pharmaceuticas, and these firms may not be those
with the best opportunities for vaccine research. This problem would not be fully resolved by
making patent extensons tradable, snce firms holding patents on commercidly vauable
pharmaceuticals would presumably receive some profitsin any such trades. If vaccine
devel opers were compensated in cash, rather than patent extensions, they could recave the full
vaue of the compensation without sharing it with the holders of patents on unrelated

pharmaceuticals.

4.2 Cash Prizes

Cash prizesin lieu of patents are economicaly smilar to purchase commitments.
However, purchase commitments more closely link payments to vaccine qudity and are more
politicaly attractive, and hence more credible. The disadvantages of government purchases are
likely to be minor for vaccines.

Compared to cash prizesin lieu of patents, vaccine purchases provide a closer link

between payments and vaccine quality. For example, suppose that avaccine received regulatory

arelesslikely to do so than HMOs, and so patent extensions are more attractive in countries with centralized health
systems.
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approva, but was later found to have side effects. If a cash prize had been awvarded at the date of
regulatory gpprovd, it might be difficult to get the money back. Vaccine purchases, on the other
hand, could be suspended if countries wished to cease purchasing vaccines.

Moreover, purchase commitments are likely to be politicaly more attractive than cash
prizes, and thus more credible to potential vaccine developers. Vaccine developers are
vulnerable to exproprietion, even if the terms of the compensation program legally obligate the
government to provide compensation for any qualifying vaccine: the funds could be extracted
from them in a supposedly separate, unrelated action. For example, a pharmaceutica firm that
had just earned awindfal on a maaria vaccine might be subject to tiff price regulation on
another product. This suggests that it isimportant to design a compensation program in ways
that are as paliticaly acceptable as possble, and that generate the minimum amount of
resentment. Purchasing maaria vaccine for the 50 million children born in Africa each year &
$5 adosefor ten yearsis likely to be more paliticaly appeding then awarding a$2.5 billion
prize to a pharmaceutica manufacturer. Conversations with pharmaceutical executives suggest
that they do not like anything labeled as a prize.

Cash prizesin lieu of patents lead to free competition in manufacturing newly inverted
goods, whereas public purchases require the government to specify details of the goods
purchased. Thiswould represent a Sgnificant advantage of prizes over purchases for most
goods, but it is less important for vaccines. For example, if the government committed to
purchase high-definition television sets as away of encouraging research, it would have to get
involved in decisions about screen size, color, style, rdiability, and other issues best |eft to

consumers. In contrast, governments regulate vaccine quality in any case. Moreover, an
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effective maaria vaccine would be easy to alocate, snce a single course would presumably be

taken by dl children in malarious aress®®

4.3 Tournaments

In research tournaments, the sponsor promises a reward to whoever has progressed the
farthest in research by acertain date. (See[Taylor, 1995] for a discussion of tournaments)) The
design competitions often used to sdect architecturd firms are examples of tournaments. Ina
vaccine tournament, a committee might be established with ingtructions to award a cash prize to
whichever research team had made the most progress toward a vaccine as of a pecific date. If
no vaccine had been completed by that date, additiona funds could be set aside for further
rounds of the tournament.

Tournaments have severa limitations, however, and may not be appropriate for
encouraging vaccine research.

Firgt, a payment must be made no matter what is developed. While tournaments provide
incentives for researchers to devote effort to developing a product, they do not address the
problem of determining whether research on a particular vaccine isworth pursuing at al.
Advocates for aparticular disease and scientists working on the disease will dways want to
encourage the establishment of tournaments for research on their disease, even if the prospects
for ultimate success are low. With a vaccine purchase program, nothing is spent unless avaccine

is developed.

2 Note that many people are likely to livein areas where taking the vaccine is a borderline decision, and even in
these areas, the appropriateness of vaccination depends primarily on technical issues rather than personal
preferences.
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Another problem with tournamentsiis that once research has been completed, the award
committee might be tempted to allocate the reward on grounds other than progress in research.
The committee might award the reward to amore paliticaly correct firm, to auniversity team, or
to whoever had done the mogt scientificaly interesting work, rather than to the team which had
made the most progress toward avaccine. Anticipating this, firms might invest in political
correctness or scientific faddishness rather than in producing an effective vaccine. Of course, a
committee making purchase decisions for a vaccine purchase program could aso be subject to
bias, but judgments about who has made the most progress developing a vaccine are more
subjective than judgements about whether a vaccine with a particular set of results from phase 111
trids are satisfactory.

Colluson among potentid researchers may be particularly harmful in tournaments. I
only afew pharmaceutica firms had done a sgnificant amount of work, they could collude to
exert low effort on doing further research, since the reward would be paid whether or not a
vaccine was devel oped.

Tournaments may lead researchers to put their effortsinto looking good on the
tournament completion date, rather than completing avaccine. Firmswhich discovered
promising research leads that were unlikely to yield solid results before the deadline might
ignore their leeds, while firms that received information that the research line they were pursuing
would not yield avaccine might not reved thisinformeation.

Tournaments are aso politicdly unettractive. Governments may not find it politicaly
attractive to pay large amounts for research that may have not progressed very far. Since there
would be no clear-cut way to decide who was ahead in research, awards might be subject to

litigation and charges of favoritism.
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Finaly, rewards in tournaments would have to be in cash, rather than in guaranteed sales,
since no vaccine may have been developed by the end of the tournament. As noted earlier,

however, cash rewards are less politicaly atractive than guaranteed markets.

4.4 Expanding the Market for Existing Vaccines

Some argue that by purchasing more existing vaccines a higher prices, policy makers can
sgnd ther intention to provide a market for future vaccines, and thus encourage research on
new vaccines. Although the standard EPI package of vaccinesis widely disgtributed, a number of
effective vaccines that are dready available are not fully used.** Purchasing and distributing
exiging vaccines which are not widdly used in developing countries, such as Haemaophilus
influenzae b (Hib) vaccine, would be a cost- effective way to save many lives.

However, by itsdlf, paying more for currently available vaccines may not make
pharmaceutica firms confident that they will be rewarded for developing new vaccines. It could
eadly take ten years to develop mdaria, tuberculosis, or HIV vaccines, and developers would
need to recoup their investment through salesin the ten years following the vaccines
development. Since internationd interest in health in developing countriesisfickle,
pharmaceutica firms might well fed that the availability of funds to purchase Hib vaccine now

a aremunerative price does not guarantee that the internationa community would be prepared to

24 For example, the hepatitis B vaccineis underused. An effective vaccine for malariaor one of the other major
killerswould likely be consumed much more widely than the hepatitis B vaccine, since the disease burden of
hepatitis B is small relative to that of AIDS, tuberculosis, or malaria. Moreover, maariakills young children very
quickly after infection and the onset of symptoms, whereas hepatitis B infection can remain asymptomatic for
decades, and many people may not understand its relation to the deaths it causes from primary hepatic cancer in
middle age or beyond.
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pay for future vaccines fifteen years from now. Legdly binding commitments to purchase future
vaccines would gill play acritica role in spurring research.

Moreover, given that the Hib vaccine was developed without any expectation of redizing
subgtantia profits in developing countries, paying more than pharmaceutica firms could
reasonably have expected for these vaccines would provide extra profits to pharmaceuticd firms.
Providing these extra profits might be worthwhile if it were the only way to establish areputation
for paying remunerative prices for future vaccines. Not surprisingly, pharmaceutical
manufacturers argue that the best way to persuade them that work on future vaccines would be
rewarded would be to buy currently available vaccines a a high price. However, if it were
possible to commit now to purchase future vaccines at a remunerative price, there would be no
reason to pay more for current vaccines than had been implicitly or explicitly promised to
vaccine developers. Paying high prices for both current and future vaccines as away of
encouraging future research amounts to paying twice.

Findly, some argue that increasing current vaccine sales will increase vaccine R&D
budgets because pharmaceutical firms finance research on adivison by divison basis, asa
percentage of current sdes. It is possible that some firms might use such arule of thumb to
reduce unproductive competition for funds among divisons seeking to increase their R&D
budgets. While some pharmaceuticd firms may find this rough rule of thumb useful under the
current environment, if the environment changes, they will have incentives to change these rules.
In particular, if thereis an explicit, credible commitment to purchase vaccines, thereis reason to
think that companies would change their R& D budgeting rules. Findly, note that even if some

firms are particularly subject to wasteful interna budget battles and therefore impose draconian



Section 4: Alternative Pull Programs

42

internal budget rules, there will be even greeter incentives for other firms to expand R& D and for
new biotech firms to enter the field in response to increased markets.

In summary, increased purchases and ddivery of exigting vaccines are likely to be very
cost- effective ways of saving livesin their own right. However, in order to motivate R&D on
future vaccines, it is necessary to supplement increased purchases of existing vaccines with
explicit commitments to reward developers of future vaccines. Paying morefor exiging
vaccines than vaccine devel opers could have reasonably expected when they invested in research

islikely to be an expendve way of encouraging research on future vaccines.



Conclusion

5. Conclusion

This paper has argued that private incentives for research on vaccines for mdaria,
tuberculosis, and strains of HIV common in Africalikely to be asmadl fraction of the socid
vaue of new vaccines, so that under current indtitutions, potentia vaccine developers would
have incentives to pass up socidly vauable research opportunities. Moreover, if vaccines were
developed, access to vaccines would be limited if they were sold a monopoly prices.

Commitments to purchase vaccines and make them available to developing countries for
modest co-payments could both provide incentives for development of vaccines, and ensure that
vaccines reach those who need them. Taxpayers would pay only if avaccine were devel oped.

A companion paper, “ Creating Markets for New Vaccines: Part 11: Design Issues,”

discusses the design of these vaccine purchase commitments.
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