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Abstract

Severd programs have been proposed to improve incentives for research on vaccines for
malaria, tuberculogs, and HIV, and to help increase accessibility of vaccines oncethey are
developed. The U.S. adminigtration’s budget proposes atax credit that would match each dollar
of vaccine sdleswith adollar of tax credit. The World Bank has proposed a $1 hillion fund to
provide concessiond loans to countries to purchase vaccines if and when they are devel oped.
European politica |eaders have spoken favorably about the concept of a vaccine purchase fund.
This paper explores the design of such programs, focusing on commitments to purchase new
vaccines.

For vaccine purchase commitments to spur research, potentia vaccine devel opers must
believe that the sponsor will not renege on the commitment once vaccines have been developed
and research cogis sunk. Courts have ruled that smilar commitments are legdly binding
contracts. Given gppropriate lega language, the key determinant of credibility will therefore be
eigibility and pricing rules, rather than whether funds are physically set aside in separate
accounts. The credibility of purchase commitments can be enhanced by specifying rules
governing digibility and pricing of vaccines in advance and insulaing those interpreting these
rules from politica pressure through long terms.

Requiring candidate vaccines to meet basic technical requirements, normaly including
gpprova by some regulatory agency, such asthe U.S. FDA, would help ensure that funds were
gpent only on effective vaccines. Requiring developing to contribute co-payments would help
ensure that they fdt that the vaccines were useful given the conditionsin their countries.

The U.S. Orphan Drug Act’s successin stimulating research and development iswiddy
attributed to a provison awarding market exclusivity to the developer of thefirst drug for a
condition unless subsequent drugs are clinicaly superior. Purchases under a vaccine purchase
program could be governed by asmilar market exclusivity provison.

A purchase commitment program could start by offering afairly modest price. If this
proved inadequate to spur sufficient research, the promised price could be increased. This
procedure mimics auctions, which are often efficient procurement methods when costs are
unknown. Aslong as prices do not rise a arate substantialy grester than the interest rate,
vaccine deve opers would not have incentives to withhold vaccines from the market.

The World Bank has termed hedth interventions costing less than $100 per year of life
saved as highly cogt effective for poor countries. If donors pledge gpproximately $250 million
per year for each vaccine for ten years, vaccine purchases would cost approximately $10 per year
of lifesaved. It isunlikely that vaccines for al three diseases would be devel oped
smultaneoudy, but if donors wanted to limit their exposure, they could cap their total promised
vaccine spending under the program, for example a $520 million annualy. No funds would be
spent or pledges caled unless a vaccine were devel oped.



Introduction

Severd initiatives have recently been proposed to create incentives for research on
vaccines againg diseases such as malaria, tuberculoss, and AIDS, and to increase accessibility
of vaccines once they are developed. The president of the World Bank recently said that the
inditution is planning to establish a$1 billion fund to help finance purchases of new vaccines, if
and when they are developed [Financid Times, 2000]. The U.S. administration’s 2000 budget
includes atax credit for vaccine sdes thet would effectively double the developing country
market for new vaccines againgt diseases that kill more than one million people each year

[ http://mwww.treas.gov/taxpolicy/library/grnbk00.pdf]. The tax credits would be capped at $1

billion over ten years. The concept of avaccine purchase fund has aso received support from

European politica leaders [www.auswartiges.amt.de, 1999].

Although melaria, tuberculosis, and African strains of AIDSkill amost 5 million people
each year, they are the subject of little vaccine research. Potentid vaccine developers fear that
they would not be able to sall enough vaccines at a high enough price to recoup their research
invesments. Thisis both because these diseases primarily affect poor countries, and because
vaccine markets are severely distorted. The proposed programs could both creste incentives for
vaccine research and help improve access to any vaccines devel oped (see the companion paper,
“Creating Markets for New Vaccines. Part I: Rationa€’). They would not require any
expenditure unless and until vaccines were developed.

This paper addresses the many design issues that would arise in establishing such
programs. It focuses on the design of a vaccine purchase commitment, but much of the analyss
carries over to the analysis of tax credits and a World Bank loan fund. Policymakers considering
establishing such programs face a host of questions. How can commitments be made credible to

vaccine developers? How should dligibility of candidate vaccines be determined? What prices
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should be paid for vaccines, and should these prices vary with vaccine characterigtics? If
multiple vaccines are developed, which should be purchased? Should recipient countries provide
co-payments, and if so, how much? How cogt effective would such programs be?

If potentid vaccine developers are to invest in research, they must believe that once they
have sunk funds into developing a vaccine, the sponsors of a vaccine purchase program will not
renege on their commitments by paying a price that covers only the cost of manufacturing, and
not research. Section 1 of this paper discusses factors affecting the credibility of avaccine
purchase commitment. Courts have held that Smilar public commitments to reward contest
winners or to purchase specified goods condtitute legaly binding contracts and that the decisons
of independent parties agppointed in advance to adjudicate such programs are binding. This
suggedts that if programs contain gppropriate legd language, the key determinant of their
credibility will not be whether funds are physically set aside in a separate account, but the rules
determining digibility and pricing, and the procedures for adjudicating decisions under these
rules. If potentia vaccine developers are to invest in research, they must be confident that the
adjudicators will not abuse their power. The credibility of a vaccine purchase commitment can
be enhanced by dearly specifying digibility and pricing rules, insulating decison makers from
political pressure through long terms of service, and including former indudtry officids on the
adjudication committee.

Section 2 argues that requiring countries that receive vaccines to provide co-paymentsin
exchange for vaccines will give countriesincentives to carefully investigate whether candidate
vaccines are appropriate for their loca conditions. Moreover, for any fixed level of donor
contributions, requiring co-payments gives potentia vaccine devel opers greater incentivesto

conduct research.
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Section 3 outlines a possible process for determining vaccine digibility and pricing.
Candidate vaccines would firgt have to meet some minima technical requirements, which would
ordinarily include clearance by aregulatory agency, such asthe U.S. Food and Drug
Adminigration (FDA). They would then be subject to a market test: Nations wishing to
purchase vaccines would need to provide a modest co-payment tied to their per capitaincome
and spend down an account assigned to them within the program. Any vaccine meeting these
requirements would be digible for purchase at some base price. Vaccines exceeding these
minimum reguirements could potentidly receive bonus payments tied to vaccine effectiveness.

Section 4 discusses procedures if multiple vaccines are developed for a single disease.
The developer of the first vaccine againgt a disease creates enormous socid benefits. Developers
of subsequent vaccines creete benefits only to the extent that their vaccines are superior or serve
populations that are not served by the first vaccine. This suggests that rewards should be grestest
for the first vaccine developer. The U.S. Orphan Drug Act specifiesthat the first developer has
market exclusvity unless a subsequent product is clinicaly superior. This provison is generdly
believed to account for the Act’s success in increasing research on orphan drugs. An analogous
provision could grant market exclusivity for purchases under the program to the first vaccine
developed unless subsequent vaccines were clinically superior.

Section 5 discusses vaccine pricing and coverage. Research and development on
vaccinesistypicdly very expensive, but manufacturing additiond dosesis usualy reasonably
cheagp. Given totd revenue from avaccine, research incentives are likely to be fairly amilar if
few doses are sold at ahigh price, or many doses are sold a alower price. Thissuggeststhat it
is efficent to pay per immunized child, rather than per dose, and to include countries and

demographic groups in the program as long as vaccination is cost effective at the incrementa
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cost of producing additiona doses (rather than at the average price per person immunized paid
under the program.) The tota market promised by the program should be large enough to induce
subgtantia effort by vaccine developers, but less than the socid value of the vaccine. A rough
rule of thumb in the industry is that a $250 million annua market is needed to motivate

substantid research. A program in which donors provide gpproximately $250 million in average
annua contributions and co-payments average another $86 million annudly would cost
approximately $10 per year of life saved. The World Bank has termed hedlth interventions
cogting less than $100 per year of life saved as highly cogt effective [World Bank, 1993].

One way to avoid either paying more than necessary for avaccine or offering too little to
gimulate research would be to offer ardatively modest price initidly, and if this price proved
insufficient, to raise the promised price gradualy until it proved sufficient to spur vaccine
development. Aslong asthe price did not increase a a rate substantiadly grester than the interest
rate, vaccine devel opers would not have incentives to withhold vaccines from the market in
hopes of obtaining ahigher price. It isunlikely that vaccines for al three diseases would be
developed smultaneoudy, but if donors wished to limit their potentid liability, they could cap
thelr committed annua expenditure.

Section 6 discusses the gppropriate scope of vaccine purchase commitments. Should the
program be limited to vaccines, or also include drugs? Which diseases should be covered?

The conclusion briefly congders the palitics of programs to improve vaccine markets. It
then discusses the proposed U.S. and World Bank programs and how a private foundation could
participate in a purchase commitment program.

This paper builds on earlier work. Theideaof an HIV Vaccine Purchase Program was

discussed in WHO [1996], and advocated by a codlition of organizations coordinated by the
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Internationa Aids Vaccine Initiative (IAV1) at the 1997 Denver G8 summit. Since then, theidea
has been explored by the World Bank AIDS Vaccine Task Force [World Bank, 1999, 2000].
Kremer and Sachs[1999] and Sachs [1999] have discussed such programsin the popular press.
This paper dso draws on earlier work on vaccines, including Batson [1999], Dupuy and Freiddl
[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], Russll

[1998], Scotchmer [1997], Shavell and van Y pserle [1998], and Wright [1983].

1. The Credibility of Vaccine Purchase Commitments

For avaccine purchase commitment to be effective in spurring new research, potential
vaccine developers must believe that once they have sunk money into producing a vaccine, it
will be purchased a a price that coverstheir risk-adjusted costs of research, as well astheir
manufacturing costs. Sub-section 1.1 notes that courts have held similar commitments to be
legdly binding contracts and argues that as long as the sponsor of a commitment has sufficient

fundsto fulfill the commitment, physically moving money to a separate account is unnecessary

to provide legd commitment. Sub-section 1.2 discusses some of the issues that would need to be

addressed in specifying igibility and pricing rules, based on technicd characteridtics of a
vaccine. Sub-section 1.3 argues that some discretion will be needed to interpret how generd
digibility and pricing rules apply to any specific candidate vaccine, and discusses how the

credibility of adjudicating ingtitutions could be enhanced.



Section 1: The Credihbility of V accine Purchase Commitments

1.1 Legal Doctrine

This section argues that a suitably designed commitment will be interpreted by the courts
asalegdly binding contract, and that hence the key credibility issue will not be outright default
by the program sponsor, or whether money is physicaly set asde in a separate vaccine purchase
fund, but rather questions over the interpretation of program rules.

Courts have ruled that publicly advertised contests are legdly binding contracts
[Morantz, 2000]. Assummarized in Sullivan [1988], sponsors of contests are contractualy
obligated to pay the winners according to their public announcements. A contestant who
performs the requested act has formed a vaid and binding contract with the promoter. Attempts
to escape liability by changing contest rules after a contestant has accepted the offer by
performing the desired act are generaly trested as breach of contract. Advertissments with
certain specifications (identification of good, definite quantity of good, etc.) for the purchase of
goods a specified prices have aso been found to be legdly binding. (See Vaccaro [1972] for a
summary and andlyss of doctrine.)

Moreover, if the procedures in a contest stipulate who will judge the contest, decisions
made by the stipulated judge of the contest are usualy trested as conclusive [Morantz, 2000].
The mgority view among courtsisthat judges decisons are conclusive as long as they are made
in good faith, athough some cases find that contracts giving one party the unilatera right to
decide disputes are unenforcegble. When the judge of the contest is an independent party, the
courts dmogt universaly hold the decision as find unless the decison was made in bad faith, or

the judges exceeded the authority specified in contest rules

! The credibility of the vaccine purchase commitment can be increased by framing it asaunilateral contract (i.e.,
one not requiring a promise by othersto become valid) and explicitly including a promise not to revoke. Some
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There are anumber of precedents for programs to reward devel opers of new
technologies. The British government established a £20,000 prize for amethod of determining
longitude at sea after afleet got lost and struck rocks, drowning 2,000 sailors. The prize was
won by John Harrison for the chronometer.> More recently, the Kremer prize for human-
powered flight led to the historic flight of the Gossamer Albatross across the English Channel
[Grosser, 1991]. The $30 million “golden carrot” contest for an energy efficient refrigerator
sponsored by 24 U.S. dectric utilities offered to pay the winning team a certain amount for every
unit sold. Whirlpool won the contest with aline of refrigerators that operated 70 percent more
efficiently than 1992 federd requirements.

Given that legdly binding contracts can be written, physcaly setting aside fundsinan
escrow account is not necessary for acommitment to be binding, as long as the sponsor of a
vaccine purchase commitment has sufficient funds to fulfill the commitment. The key questions
for credibility revolve around specifying digibility and pricing rules and procedures for
adjudicating disputes under these rules.

Depending on legd language, commitments could be made more or lessbinding. The
options range from a smple announcement of an intention to purchase vaccines, to alegdly
binding announcement with details on digibility and pricing. The more binding the
commitment, the stronger the incentives for potentid vaccine developers. In generd, thereisa
tradeoff between flexibility and credibly committing to pay for avaccine. Imperfect

commitment reduces both the expected revenue for vaccine developers and expected costs for

additional legal issues might arise if a purchase commitment were made by a national government or an
international institution, and legal research would be needed to address these issues.

2 Sobel [1995] argues that the longitude prize committee was biased towards an astronomical solution and insisted
on improvements and multipletrials, creating repeated delays, until the king intervened on behalf of the
chronometer'sinventor. Note, however, that this account is disputed. The economic historian Paul David argues
that the conditionsimposed by the committee were reasonable [Personal communication, 2000]. In any case, this
points to the importance of program rules and adjudication proceduresin influencing credibility of purchase
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the sponsor in the same proportion. 1t reduces efficiency to the extent that the parties are risk

averse®

1.2 Issuesto Consder in Determining Eligibility and Pricing

A program to increase the market for vaccines could offer to purchase vaccines mesting
certain technical specifications, offer to match money spent on vaccine purchases by other
ingitutions, or use some combination of these approaches. For example, the Kremer prizelaid
out detailed technical digibility requirements. The U.S. tax credit proposal does not specify
detailed technical requirements, other than FDA gpprova, but merely states that a 100 percent
tax credit will be given for sales of vaccines to nonprofits and internetiond indtitutions, which
would presumably make their own judgments as to whether candidate vaccines are acceptable.

The following are some of the key issues which would need to be considered in
determining vaccine digibility and pricing based on technica specifications.

vacci ne efficacy—the reduction in disease incidence among those recelving the

vaccine® Efficacy might vary in different circumstances. A vaccine could

commitments.

3 For example, consider asimple casein which potential vaccine devel opers seek to maximize expected profits and
accurately interpret the degree of commitment entered into by potential donors. Suppose that in the absence of a
particular piece of contractual language in the vaccine purchase commitment, there is a 90 percent chance the
sponsor purchases the vaccine at the promised price and a 10 percent chance that they renege and renegotiate to a
price of half thelevel originally promised. In thiscase, in the absence of a contractual arrangement, firmswhich
seek to maximize expected profitswill act asif the value of the program is not the promised annual revenue from the
program, but rather 95 percent of the promised annual revenue. Note that while the expected incentiveis only 95
percent of the promised level, so is the expected cost to the sponsor. To the extent that both vaccine devel opers and
the sponsor are risk-averse, they would both prefer aperfectly credible commitment of $950 million to a 90 percent
chance of $1 billion and a 10 percent chance of a $500 million payment. In this sense, imperfect credibility reduces
the efficiency of purchase commitments.

“ Some have speculated about the possibility of an “altruistic’ malariavaccine, which would block further
transmission of the disease, without protecting the person who takes the vaccine. It isunclear how many people
would be willing to take such avaccine. Moreover, given the high intensity of malariatransmission in many parts
of Africa, the epidemiological impact of an altruistic vaccine might be quite small unless the vaccination rate was
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potentidly be more efficacious againgt some strains of the disease than others,
and thus be better suited to some geographic areas than others. It could work for
some age groups, but not others. A vaccine might prevent severe symptoms of
the disease, but not prevent milder cases.

the number of doses required, the efficacy of the vaccine if an incomplete course
is given, and the ages a which doses must be taken. If too many doses are
required, fewer people will bring their children in to receive the full course of
immunization. If the vaccine can be given dong with vaccines that are aready
widdy administered, delivery will be much cheaper.

vaccine Sde effects. Side effects could differ for different sub-populations. Side
effects would also need to be considered for people who do not comply perfectly
with the delivery protocol. For example, taking a partia course of amdaria
vaccine could potentidly interfere with naturd limited immunity.

the time over which the vaccine provides protection, and whether booster shots
could extend this period;

whet leve of rigor would be required in the fidd trids. For example, how long
would subjects have to be followed to determine the length of protection? How
many separate sudiesin different regions would need to be conducted to assess
efficacy agang different varieties of the disease?

the extent to which vaccines would lose their effectiveness over time.

Presumably, some ongoing monitoring of vaccine effectivenessin the field would

very high. Committing in advance to purchase such avaccine would be difficult.
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be required, and if it appears that resistance to the vaccine is spreading, vaccine
purchases would have to be reassessed.

One possibility would be to design digibility rules usng these criteriain such away that
vaccines would be considered digibleif they met a cost-effectiveness threshold.® Eligibility and
pricing rules could potentialy be set S0 that vaccines meeting a certain cost-effectiveness
threshold would be digible for purchase and vaccines exceeding this threshold would receive
higher prices.

Note, however, that mis-specifying digibility and pricing rules could misdirect research
incentives away from gppropriate vaccines, or vitiate research incentives atogether. For
example, if the program failed to specify otherwise, it might be obligated to purchase amaaria
vaccine that interfered with the development of natural immunity and provided only temporary
protection. Such avaccine might merely postpone maaria deaths. If such avaccine were
eligible for purchase under the program, researchers might pursue it, rather than devoting their
effortsto more useful lines of research. On the other hand, there is arisk that the program could
set specifications o sringent that they would be difficult to achieve. Thiswould discourage
pharmaceuticd firms from following promising leads. For example, if the specifications
required 90 percent efficacy againg al strains of the disease, potentia vaccine devel opers might
not pursue a candidate vaccine that would be likely to yield 99 percent protection against most
grains, but only 85 percent protection againsgt others. If it were difficult to create a vaccine

delivering 90 percent protection in al regions, no vaccine at dl might be developed.

® Glennerster and Kremer [2000b] examine the cost-effectiveness of vaccines with different degrees of efficacy,
requiring different numbers of doses, and providing different lengths of protection. Infuture work, we plan to
extend this analysisto examine how eligibility standards could be established so that vaccineswould be eligibleif
they meet a cost-effectiveness threshold.
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Asde from specifying digibility rules, the program would have to specify pricing rules.
Paying more for superior vaccines might creete more agppropriate incentives for researchers. A
90 percent efficacious vaccine is worth more than an 80 percent efficacious vaccine, and a

vaccine that requires no booster is worth more than one requiring boosters every five years.

1.3 Proceduresto Increase Credibility of a Vaccine Purchase Commitment

Generd digihility and pricing rules could be set out, but someone would have to exercise
discretion in interpreting these rules once vaccines have been developed and tested.® Once the
vaccine developer has sunk hundreds of millions of dollarsin research, adjudicators might be
tempted to offer aprice that covered only manufacturing costs or to ingst on excessive product
testing and improvements. If pharmaceutical executives suspect that the adjudicatorswill
succumb to these temptations, the companies will be reluctant to invest in avaccine.

Credibility of vaccine purchase commitments to potential developers could be enhanced
by appointing appropriate decison makers (such as a committee with some members who have
worked in the pharmaceutica indugtry), insulating decision makers from political pressures
through long terms of service, establishing a minimum purchase price, and placing limits on the
discretion used by the program committee by laying out reasonably transparent rules for

determining digibility and pricing. Another way to enhance the credibility of acommitment is

6 Setting efficacy requirements for eligibility for an HIV vaccineis particularly difficult. Because of the key
importance of a core group of high-risk peoplein influencing the spread of HIV, even avaccine of low efficacy may
prove useful in disrupting the chain of transmission if it istargeted to thisgroup. On the other hand, at least
theoretically, an imperfectly effective HIV vaccine could increase the spread of HIV, since people might adopt
riskier behaviorsif they felt they had reduced the chance of infection by taking an imperfect HIV vaccine. This
outcome seems unlikely, however, sincein steady state, an imperfectly effective vaccine could also potentially make
the highest activity people more hopeful about their chances of being uninfected, and therefore less likely to adopt
risky behavior. Delivery of an HIV vaccine may have to use very different channels than delivery of existing
childhood vaccines, particularly if it istargeted to such acore group. Littleisknown about the costs of reaching
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to establish a program that covers a number of different diseases which primarily affect

developing countries. The program woud then have an incentive to build up a reputation for far

7

play.

The experience of centrd banks may offer some lessons for the design of avaccine
purchase program. Just as a vaccine purchase program would need to make a credible
commitment to purchase an effective vaccine if one were developed, central banks need to head
off inflationary expectations by credibly promising to take tough action if inflation Sartsto
increase. Centra banks insulate decision makers from political pressures by gppointing them for
long terms, and a vaccine purchase program could do the same. Appointing central bankers with
strong anti-inflation credentials dso helps build credibility for centrd banks. Similarly,
delegating decisons regarding igibility and pricing to a committee which included some
members who had worked in industry might help convince potentia vaccine developers that the
committee would not impose unreasonable conditions after they developed avaccine®

Commitments by the vaccine purchase programwill be more credible if the program

adminigrators have incentives to build a reputation for fulfilling promises. If the program

such groups.

" Note that the problem of inducing firms to conduct research and development on vaccines for which they expect
the government to be the major purchaser isin some ways similar to the problem of inducing firmsto conduct
research and devel opment on weapons for which they expect governments will be the major purchaser. In each

case, the government must convince the firms contemplating undertaking research that it will not take advantage of
them by insisting on low prices once they have already sunk their investmentsin research. Procurement rulesfor the
U.S. Department of Defense do not instruct procurement officers to purchase orders at the lowest possible price, but
instead to purchase at a price that covers suppliers’ costs. The formulas used for calculating costs typically allow
firms to cover more than manufacturing costs, which in turn provides an incentive for firmsto investin research and
development to produce attractive products that allow them to win procurement contracts. Rogerson [1994]

suggests that this serves as a reputational mechanism for encouraging research by defense contractors. The Defense
Department has an advantage in that it is along-standing institution, with awell-devel oped reputation about how it
treats contractors, and contractors can count on the desire of the Defense Department to maintain areputation for the
future, because the continued existence of the Defense Department seems assured. Unfortunately, the long-term
future of avaccine purchase program is less certain.

8 Unfortunately, thereis a history of antagonism between the pharmaceutical industry and existing international
vaccine purchasers such as the Pan American Health Organization (PAHO) and the United Nations' Children’s Fund
(UNICEF), which have a culture of trying to purchase vaccines at the minimum possible price. These institutions,
therefore, might have difficulty administering a program designed to increase private-sector incentives for vaccine
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covered vaccines againgt severd diseases, program administrators would have incentives to
develop a reputation for treating vaccine developersfairly, so asto build credibility with
potential developers of other vaccines® Nonethdless, it may take time to develop a reputation.
One way to help build credibility with potentia vaccine developers would beto set a
minimum price in advance!® This could help solve the time-consistency problem, but at some
cod. A vaccinewhich isuseful, but not useful enough to warrant purchase a the minimum
guaranteed price, would not be purchased at al. In practice, however, this problem may not be
that serious. Most vaccines that passed regulatory approva would be cost effective at even a
high price per person immunized relaive to the likely availability of funds [Kremer and
Glennergter, 2000]. Thisis because vaccines faling far short of U.S. or European regulatory
requirements have grest difficulty winning wide approva in developing countriesin any case!*
If one takes as given that vaccines will only be used if they meet a stringent risk- benefit ratio, it
seems quite unlikely that guaranteeing a minimum price ex ante would lead to rgjection of an
otherwise usable vaccine on cost- effectiveness grounds. If avaccine were not useful enough to
warrant purchase at afew dollars per person immunized, the cost of faling to purchase it would
not be that great. Moreover, if avaccine turned out to be socidly useful, but not good enough to

qualify for purchase under the program at the promised price, this would not preclude individud

development.

° On the other hand, if the program maintained a single fund which could be used to purchase vaccines for any of
several different diseases, then potential vaccine developers might fear that once they had invested money in
developing a vaccine, the vaccine purchase program would try to pay avery low price for the vaccine, hoping to
save itsresources to purchase vaccines for other diseases. This problem could be addressed by maintai ning separate
funds (or making separate financial commitments) for different diseases.

10 Setting low pricesis the most likely way that the program could take advantage of vaccine developers. Program
adjudicators concerned with public health will have limited incentivesto insist on further trials, for example,

because they will presumably want to get an effective vaccine into thefield.

Y Thisisillustrated vividly by the apparently meager prospects of the Wyeth-Ayerst rotavirus vaccine in developing
countries after it was withdrawn from the U.S. market following evidence that it causes intussusceptionin rare

cases. The benefits of the vaccine are likely to outweigh by far itsrisksin developing countries, where rotavirus
killsthree-quarters of amillion children each year. Nonetheless, it appears unlikely that the vaccine will ever be
widely used.
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countries from purchasing the vaccine or other donors from purchasing it. The costs of
guaranteeing a minimum price seem smdl rddive to the benfit of improving the credibility of

commitments to reward vaccine developers, and thus spurring research.

2. Co-Payments

Another way to increase the market for vaccines would be to offer to match vaccine
purchases by others. Thisisamilar, in effect, to purchasing the vaccine and providing it to
othersin exchange for a co-payment. Requiring countries receiving vaccines to provide
reasonable co- payments can boost incentives for vaccine developers given any fixed leve of
donor contributions. Co-payments aso help ensure that the authorities in recipient countries fed
that the vaccine is suitable for usein thelr circumstances. Thisisimportant snce conditionsvary
among countries. For example, avaccine might be effective againg the rains of maaria
prevaent in some countries, but not againgt other strains. Finally, requiring co-paymentsisa
useful test of acountry’s commitment to aprogram. If acountry is prepared to make a co-
payment, it is also more likely to be prepared to take the other steps necessary to ensure that the
vaccineis ddivered to the people who need it.

Setting the leve of co-payments involves atradeoff between improving access once a
vaccine has been developed and creating incentives for vaccine development. On the one hand,
once a vaccine has been developed, it will be produced at the efficient scde if the co-payment
equasthe margind cost of producing an additional dose. On the other hand, given afixed level
of donor contributions, incentives for vaccine development will be gregter if developing
countries provide co-payments a their willingnessto pay for the vaccine.

Setting co-payments from countries receiving vaccines just below their estimated
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willingness to pay for vaccines will maximize incentives for vaccine deve opment while not
reducing consumption of vaccines below the optima level. Since richer countries are likely to

be willing to pay more for vaccines than poorer countries, thisimplies that co- payments should
rise with per capitaincome.’® Willingness to pay may also be grester for diseases that creste a
particularly high hedlth burden, such as HIV/AIDS. Given the uncertainty in estimating this
willingness to pay and the need for a uniform co-payment policy across heterogeneous countries,
it makes sense to estimate willingness to pay consarvatively. Ingsting on too great a co-payment
would limit access to the vaccine, and, by reducing take-up, would reduce incentives for vaccine
developers.

Note aso that setting the required co-payments close to countries’ willingnessto pay
reduces vaccine developers temptation to try to extract supplementa payments from purchasing
countries. It isnot clear whether the vaccine purchase program should agree to be a party to
vaccine purchases with supplemental co-payments greeter than those required under the
program, even if the recipient country agreesto this. Allowing supplemental payments broadens
the scope for vaccine developers to demand prices greater than those offered under the vaccine
purchase program, and these higher prices could potentialy exclude some countries from access
to vaccines. For example, if the vaccine devel oper fdt that most countries would be willing to
supplement the required co-payment by $1 adose, it might demand this from every country.
Those countries unable to afford this supplementa payment would not be able to obtain the
vaccine,

Note that tying co-payments to income achieves many of the benefits of tiered pricing. If
Co-payments are et gppropriately, access to vaccines is expanded so that vaccines can be used
wherever the socid vaue of the vaccine exceeds the margind production cost. Incentives for

vaccine development can correspond to the aggregate willingnessto pay for vaccines. Yet

12 Willingness to pay isalso likely to be higher for countries with a greater burden of disease, but requiring alarger
co-payment from countries with a greater disease burden seemsinequitable and islikely to be politically infeasible.
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vaccine devel opers need not take the politicaly damaging step of reveding their willingnessto
produce additiona doses at low cogt, thus risking generating enhanced politica pressures for

price regulation.

3. Combining Technical Requirementsand a Market Test

Technica digibility requirements could potentialy be combined with a market test. For
example, candidate vaccines could firgt be required to meet basic technicd requirements, which
would typicaly include clearance by some regulatory agency (such asthe U.S. FDA). They
could then be required to meet a market test—devel oping countries wishing to purchase vaccines
using program resources would be required to contribute a co-payment, and would be required to
draw down an account they would have within the vaccine purchase program. Any vaccines
meeting these requirements would be eligible for purchase a some base price. Vaccines
exceeding these requirements could potentidly receive bonus payments linked to vaccine
effectiveness. 1dedly, this would make commitments to purchase useful vaccines at
remunerative prices credible to potentid vaccine devel opers, but would leave enough flexibility
that appropriate purchasing decisions could be made after vaccines had been tested and their

characteristics became known.

3.1 Basic Technical Requirements

To bedigible for purchase, vaccines could be required to fulfill basic technica
requirements, which would normally include regulatory clearance by an established regulatory

agency, such asthe U.S. FDA or its European counterpart. Thiswould ensure that the funds
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were spent for bona fide vaccines, rather than for quack remedies. However, a vaccine may pass
arisk-benefit assessment in one country, but not another. For example, amaaria or tuberculoss
vaccine with sgnificant but small Sde effects might not be gppropriate for generd usein low-
prevaence countries, such as the United States, but might save millions of livesin high

prevalence aress.

It might make senseto alow the program, at its discretion, to waive the requirement of
regulatory approva in donor countries if a country requested the vaccine and a scientific
committee established by the program concurred that the vaccine satisfied the risk- benefit
assessment given the Stuation in the applicant country. More generdly, it might be gppropriate
to guarantee that any candidate vaccine satisfying certain high technica standards would receive
automatic approval to go on to the market test. There could dso be agray area, in which
candidate vaccines could be approved at the discretion of a scientific committee. Thiswould
provide assurance to potentia vaccine developersthat if they develop a high-qudity vaccine,
they will have amarket. 1t would dso alow the committee the flexibility to consder purchasing
vaccines that passed a risk-benefit andyss, but fell short of an ided vaccine.

Jugt as avaccine might satisfy arisk- benefit assessment in a high- prevaence country, but
not in the United States, is possible that a vaccine could be appropriate in the United States, but
not esewhere. For example, amdaria vaccine that interfered with natura immunity might be
appropriate for U.S. travelers, who would not have built up thisimmunity in any case, but not for
long-term residents of malarious areas. A few minimal technica requirements beyond
regulatory gpprova are therefore likely to be appropriate before vaccines were made digible for

the market test described below. Travelers vaccines for malaria, which protect people making
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short trips, would presumably be indligible®® Other technical requirements might include a
requirement that a vaccine could only be purchased for a country if it had been shown effective
for the strains of disease prevdent in that country. Vaccines requiring more than some cutoff
number of doses to be effective might require a gpecid waiver for digibility. Some ongoing
monitoring might be required, to ensure that resstance to the vaccine had not developed and
soread. However, the credibility of purchase commitments with potentia vaccine developers
would be enhanced by keeping technica digibility requirements beyond regulatory clearance
minima and dearly defined to reduce the potentia for abuse of discretion. Thiswould
decentrdize the basic purchasing decision to individua recipient countries. Of course, these

countries would be free to consider recommendations put out by the World Health Organization

or any other body.

3.2TheMarket Test

As discussed above, vaccines could meet regulatory gpprova, but still be unsuitable for
widespread use in a particular developing country. For example, avaccine that was effective
only if people received ten precisdly timed doses might be useful for the U.S. military, but not
for most people in developing countries. Requiring vaccines which satisfy the technicd criteria
to meet a market test would alow purchasers the flexibility to make decisions about whether a
particular vaccine is appropriate for their needs. In particular, developing countries would have

incentives to serioudy consider the suitability of candidate vaccinesif they had to provide aco-

13 |t might therefore, for example, be appropriate to specify that the program could require proof of efficacy over

some extended period for sporozoite malaria vaccines.
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payment and draw down an account within the vaccine purchase program that would be
established specificaly for each country.

Co-payments help ensure that after a particular vaccine has been tested, it is consdered
worth purchasing. However, co-payments alone may not be sufficient to demonstrate country
commitment, sSince donors might offer to help fund co-payments. It isnot clear that it would be
possible or desirable to prohibit this.

Countries could be further motivated to carefully consider their purchases by establishing
sub-accounts within the program for each country. If a country decided to purchase avaccine, it
would draw down the commitments alocated to it. This system would give countries an
incentive to purchase avaccine only if they were confident that it could be effectively
adminigtered in their country and if they did not expect a superior vaccine to come on the market
shortly. Otherwise, they would be better off saving the fundsin their sub-account.

In the absence of separate sub-accounts, countries might agree to purchase even
margindly effective vaccines, knowing that if they did not consume the available funds, other
countrieswould. If potential vaccine developers anticipated this, they might invest ina
candidate vaccine that looked like it would meet only minima digibility requiremerts, rather
than investing in adightly more risky, but ultimately much more promising, vaccine. If
countries must spend funds earmarked for their own vaccine purchases, they will have more
incentive to purchase only high-quality vaccines, thus providing incentives for potentia vaccine
developersto focus on developing such vaccines. Since countries would not be able to use their

accounts to purchase anything but vaccines, and would not receive interest on their accounts if
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they remained unspent, they would have every incentive to use their accounts to purchase a good
vaccine if one were available™

Relying only on amarket test and diminating any technica requirements could
potentialy lead to the purchase of ingppropriate vaccines due to bribery or tied dedls. Vaccine
developers could offer to kick back some percentage of the purchase price to the developing
country in the form of price reductions on other pharmaceuticals, or even bribes. This could
potentidly be an attractive arrangement for the developing country or its officids, snce the
country itself would contribute only a co-payment towards the cost of the vaccine, with the bulk
of the financing coming from the vaccine purchase program.

A series of safeguards are therefore needed to prevent purchase of ingppropriate vaccines
dueto bribery or tied deels. The technicd requirements for digibility provide the first and most
important line of defense. This would prevent a country from using program funds to purchase a
quack vaccine manufactured by a palitically-connected firm. Outright corruption could probably
be limited with provisons punishing firms found guilty of bribing officids and restricting the
amount of travel, training, and other perks that vaccine sdlers could provide to hedth minisry
officids. Under the U.S. Foreign Corrupt Practices Act, firms and executives found guilty of
bribing foreign governments are subject to criminal prosecution. Other nations are now adopting
gmilar laws. Since the devel oping-country vaccine market isasmal part of overdl businessfor
most large pharmaceutical companies, they would likely be reluctant to risk bad publicity, the

attention of regulators, and lega sanction in order to make some extra money on vaccines.

141 interest were paid on accounts, countries would be under less time pressure to reach agreement with vaccine
developers, and therefore might have such a strong bargaining position that they could prevent vaccine developers
from recovering their research costs. Note that vaccine developers are automatically under time pressure to reach a
deal with purchasers, because their patent istime-limited. Moreover, if interest is not paid on individual country
accounts, then any interest accumulated on the program could be used to fund grants for basic vaccine research, or
allocated to countries where disease prevalence had increased since the program was established.
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Whidtle-blower procedures could be ingtituted to protect, or even reward, committee
members reporting attempts at bribery by vaccine developers. Similarly, vaccine developers
could blow the whistle on committee members who tried to ingst on kickbacks. Members of the
committee who were proven to have asked for kickbacks could be removed from the committees.

Implicit tied dedlings are more difficult to regulate. A pharmaceuticd firm
smultaneoudy negotiating with a hedth ministry over amdaria vaccine and an antibiotic might
convey to the ministry that it would be willing to be flexible on the antibiotic priceif the ministry
would purchase the mdariavaccine. In the absence of further incentives, vaccine developers
might therefore aim only a creeting a vaccine that could pass minimd dligibility requirements,
rather than amore widdy useful vaccine!

One way to limit corruption and tied dedl's, while il preserving a market test, would be
to include civil society aswell as governmentsin countries decison-making processes. For
example, the committee making purchase decisons for a country might include not only
representatives of the Ministry of Hedlth, but also respected physicians, non-governmenta
organization representatives, and scientists. Countries wishing to participate in the program
could be required to sat up such committees in advance, and members could have security of
tenure. Some members of the committee could be appointed by the vaccine purchase program.
The committee could have authority to release resources from the country’ s sub-account within
the program. The government would need to authorize disbursements of public fundsto cover

co-payments, but donors could potentialy fund co-payments.

15 Payments by third parties are also difficult to regulate. Suppose a Swiss firm invents amalariavaccine which is
not effective against the strains of malaria prevalent in some country, and therefore is not appropriate for that
country. The government of Switzerland or afoundation supported by the firm could provide aid for purchasersto
use towards their co-payments. With a 20 percent co-payment, this would allow the government of Switzerland or
the foundation to spend one dollar to raise five dollars for the company.
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Limiting the number of doses purchased for any one country would limit the potentid
lossfrom tied deals and corruption. The number of doses purchased for a country might be
limited to the number needed for the annua birth cohort, with some adjusment for the initia

years of the program when a backlog of unimmunized people would need to be vaccinated.

3.3 Bonus Payments Based on Vaccine Quality

Specifying aminimum price which would be paid for vaccines meeting the first two steps
— technica requirements and the market test -- would help provide potential developerswith a
credible commitment. However, it would be desirable for developers to have incentives to
deveop vaccines that exceed a minimum digihbility threshold. 1t might therefore be useful to
provide bonus payments depending on vaccine qudity. One standard way to measure cost-
effectivenessin hedth is the cogst of saving a Disahility-Adjusted Life Year, or DALY. DALYsS
take into account not only the years of life lost but dso the years of disability caused by a
disease. In order to create gppropriate incentives for vaccine developers to develop high-qudity
vaccines, bonus payments could be sat so asto tie the reward to the number of livesor DALY's
saved and to the cost of delivery.

Bonuses could be provided for vaccines believed to exceed a cost- effectiveness threshold,
in dollars spent per DALY averted. If avaccine exceeded this threshold, some fraction of the
resulting savings could be returned to the vaccine developer as a bonus above the base price.

Basng incentives on lives or DALY s saved would create good incentives for
pharmaceutical firms to develop vaccines that cregte postive externdities, such asamdaria

vaccine with an adtruistic component which kills gametocytes, and thus prevents other people
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from becoming infected. Any side effects of avaccine could be subtracted from the measure of
livesor DALYs saved.*®

Bonuses could dso be paid if the vaccine was cheap to ddiver. Thiswould create
incentives for researchers to develop vaccines that are ord, rather than injectable, that do not
require many doses, and that can be delivered aong with the vaccines currently given as part of
the Expanded Program on Immunization (EP).

Bonus payments could potentialy be set in two ways. A committee could be free to base
bonus payments directly on its estimates of the number of lives or DALY s saved by a particular
vaccine, using any datait wished.!” Alternatively, a schedule of bonus payments could be set in
advance as a function of more easly measured vaccine characteristics, such as efficacy in
clinicd trias, the number of doses needed, etc. An approach such asthat used in Kremer and
Glennerster [2000] could be extended to estimate the set of vaccine characteristics associated
with any particular cost-effectiveness threshold.

Directly estimating DALY s or lives saved after vaccines are developed alows the

program to consider a broad range of vaccine characteristics and to use up-to-date information,

181t isworth noting that currently, the medical profession and society as awhole seem to weight DALY s caused by
side effects much more heavily than DALY s saved.

171 nformation about the number of lives or DALY s saved might become available only gradually, and therefore, if
this approach were adopted, it might theoretically be best to condition payments on long-run outcomes. For
example, it might initially be unclear whether avaccine provides protection only temporarily, or indefinitely. The
extent to which avaccine prevents secondary infections might also be difficult to predict in advance. Initial bonus
payments to vaccine devel opers could be based on conservative estimates of lives or DALY s saved and additional
payments could be made later, depending on the realization of livesor DALY ssaved. Of course, if paymentswere
delayed, accumulated interest would have to be paid aswell. Basing bonus payments to vaccine developers on
realized DALY sor lives saved, rather than on the results of the clinical trials required for regulatory approval,
creates better incentives to develop vaccines that will work inthe real world, rather than only in clinical trials, where
it iseasier to make sure that delivery protocols are followed exactly. Moreover, if bonus payments could be claimed
after avaccine had already been used, it would be much more difficult for a price-setting committee within the
vaccine purchase program to refuse to pay aremunerative price. Before avaccineisused in thefield, the committee
could argue that it deserves only asmall bonus, citing potential problems with the vaccine. However, if the vaccine
isused, and it reduces the burden of malaria by 90 percent, it will be very hard for the committeeto arguethat it is
ineffective. (Exceptionsto thisare new diseases, such as HIV, for which predictionsof prevalence in the absence of
avaccine are likely to be particularly inaccurate.)
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but it dso creates more uncertainty for vaccine devel opers and raises the prospect of bias by the
committee charged with estimating DALY s and costs'® The appropriate strategy depends in part
on how trustworthy the committee charged with these tasksis considered to be, and in part on
what reasonably transparent and objective procedures can be developed for measuring vaccine
efficacy. Thus, it may vary among disesses™®

Basing payments directly on the number of lives or DALY s saved through a vaccine, and
the cost of ddlivery, isaso potentidly problematic because these quantities depend not only on
actions under the control of the vaccine devel oper, but also on actions by others. To the extent
that health ministries cannot easily maintain cold chains or ddliver vaccinesto rurd areason a
precise schedule, vaccinations that require cold chains and precisdy timed ddliveries will be
expendve per lifeor DALY saved.

If the wesknesses of hedth minitries are not strategicaly aimed at extracting payments
from the vaccine deve oper, thiswill create gppropriate incentives for vaccine devel opers.
Vaccine developers should try to design vaccines that are appropriate for actua hedth systems,
not for some theoreticd ided hedth sysem. For example, if health minigtries cannot maintain
cold chains for vaccines, then vaccine developers should have incentives to develop heat stable
VacCines.

However, to the extent that health ministries behave strategicaly, it will be best to base
bonus payments on presat indicators of the likely number of DALY s saved, rather than the actud

number of DALYs. Thisis because if vaccine developers were paid based on redlized DALY's

18 Basing incentives on mortality rather than DALY s might be attractive, since mortality is easier for the public to
understand and perhaps | ess subjective and open to manipulation. On the other hand, it may be best to more closely
tieincentivesto objectives by rewarding DALY ssaved. Itisdesirableto giveresearchersincentivesto reduce
morbidity aswell as mortality, and to guard against side effects that cause morbidity.

19 For example, in Africa, HIV prevalence can be taken as agood indicator of future HIV deaths and disability, but
prevalence of malariamay be apoor indicator of the total burden of malaria, since avaccine might greatly reduce
malariamortality without preventing infection.
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saved, hedth minigtries could potentidly try to extract payments from the vaccine developer in
exchange for agreeing to digtribute the vaccine efficiently. This would weaken incentives for
vaccine development.

If the committee charged with estimating lives or DALY s saved smply makes honest
mistakes in caculating these quantities, but those mistakes do not systeméticaly tend to
underestimate or overestimate the actud effects of the vaccine, then the potentid profit from
developing avaccine could as easily be increased or decreased by the uncertainty in calculations
of DALYsor livessaved. The dtractiveness of invesment in vaccines would be reduced, but
only to the extent that vaccine developers are not willing to take gambles that could turn out to
help them as easly asto hurt them.

Errorsin estimation of DALY s or lives saved are particularly problematic if vaccine
developers can influence these estimates through actions other than research. For example, if
politicaly-connected pharmaceutical firms obtain more favorable DALY caculaions, firmswill
divert effort towards developing politica connections and away from developing good vaccines.

The scope for bias would be reduced by setting forth procedures as fully as possible
ahead of time, working under a framework of establishing a bonus per lifeor DALY saved. The
World Hedlth Organization project on the burden of disease has developed detailed procedures
for estimating DALY burdens. Epidemiologica surveys could be conducted to assess the burden

of various diseases prior to the development of vaccines.

3.4 Sunset Provisions
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Sunset provisions could be incorporated into a vaccine purchase program. For example,
amalariavaccine fund could revert to the donors or be used for other hedlth problemsin
developing countries if, after fifty years, no qudifying vaccine had been developed, or if & some
ealier time, a scientific committee established by the program determined that the burden of
malaria had been sustainably cut more than 50 percent through other techniques, such as
insecticides. Sunset provisions could be continuous, so that the purchase commitment would fall
with the severity of the disease. Note that any bonus payment based on DALY sor lives saved
would automaticdly fal with prevaence of the disease. A sunsat provison would increase the
risk borne by potential vaccine developers, but biotech and pharmaceutical firms routinely have
to bear the risk that dternative technologies will render the projects they are working on
superfluous. Thereis no reason why this should be any different for firmsworking on
developing country diseases. It is efficient for researchersto consider the possibility that their

work will be superseded by other technol ogies when choosing their research projects.

4. Proceduresfor Multiple Vaccines

For vaccine purchase commitments to spur research, it is essentia that intellectud
property rights be respected. |If the program purchases vaccines from imitators, rather than
respecting the intellectua property rights of the originad developers, incentives for vaccine

development will be vitiated.2°

20| the vaccine purchase program were an international organization, it is not clear what court would have authority
torule onintellectual property rights questions. One option would be to spend funds from each donor in accordance
with the intellectual property rights laws of that country. For example, U.S. funds would not be used to purchase
vaccinesthat violate U.S. patents.
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However, enforcing patents may not be enough. Once one vaccine for a disease has been
developed, it becomes easier for competitors to develop dternative vaccines, evenif thefirst is
protected by a patent, asit can be relatively easy to design around vaccine patents. Developers
of theinitid vaccine, therefore, face arisk that amargindly superior vaccine will be produced
shortly after the initid vaccine is developed and that this subsequent vaccine will capture the
entire market. Thisrisk may deter research. In many indugtries, first-mover advantages due to
network effect or to brand loydty by customers are asimportant as patents in protecting
innovations, but since governments are the main purchasers of vaccines, and are less likely to be
influenced by brand loyalty, other forms of protection may be needed for vaccine devel opers.

It will be important to preserve rewards for the initia developer, who will have made the
largest investment in research. Currently, the world needs acceptable vaccines for mdaria,
tuberculosis, and HIV/AIDS, and incentives for a private developer are asmdl fraction of the
socid vaue. Once an adequate vaccine is developed, however, the world' s need for a second
vaccine will be much more limited. This suggests asmadler reward will be needed to bring
private incentives for a second vaccine into line with the socia vaue of a second vaccine. To
some extent, the initid developer will receive alarger share of vaccine purchasesin any case,
gncetheinitid developer will sdl vaccines used to immunize the backlog of unimmunized
adults, while subsequent developers will be restricted to the market of new cohorts of children.
Pricing avaccine in nomind terms will aso disproportionately help the origind developer, since
red priceswill fal over time. (It would even be possible to specify afaling time path of
nomina prices.)

The developer of thefirst vaccine could be further protected through an exclusivity

clause milar to that in the Orphan Drug Act. Thiswould require thet the initid vaccine be
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purchased if newer dternatives were not clinicaly superior. This provison iswidey believed to
have greatly increased research on orphan drugs [ Shulman and Manocchia, 1997].

In practice, the exception for “clinically superior” vaccines may not weaken incentives
for the first developer that much, since regulatory standards for gpprova of the first vaccine are
likely to be high, and it may be difficult to show that a subsequent vaccineis*“clinicaly
superior.”

Note that market exclusivity would gpply only to the target population for which the
origind vaccine was adequate. Thus, for example, if one firm develops an AIDS vaccine
effective againg a particular clade of the disease, it would have marketing exclusivity for that
clade, but not for other clades.

One potentid objection to the market exclusivity provision isthat it could increase the
risk borne by developers. In the absence of amarket exclusivity clause, if severd firms develop
vaccines around the same time, they will share the market. Providing market exclugivity to the
first vaccine developer could potentidly increase risk. On the other hand, to the extent that
pricesfdl if multiple vaccines are invented, or firms disspate potentid profitsin marketing
expenditures, the expected reward to investing in vaccine research and development is greater
with amarket exclusivity clause. The success of the Orphan Drug Act in increasing research and
development on orphan drugs suggests thet the increase in expected profitsis the key issue for
potentia developers. If it were thought important to avoid increasing the risk borne by potentia
vaccine developers, purchases under the program could be limited to those vaccines invented
within some period (perhagps ayear or two) following the licensing of the first acceptable

vaccine, unless a subsequent vaccine was clinicaly superior. Thiswould reduce risk for firms
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engaged in atight race to develop avaccine, while aso reducing the chance that “ me too”
vaccines would greatly reduce sdesfor the initid developer and thus deter research.

The exception in the Orphan Drug Act’s market exclusivity provison for dinicaly
superior products could potentialy be modified for application to a vaccine purchase
commitment. Idedly, if asubsequent vaccine were clinically superior, the price paid would be
related to the margina improvement the subsequent vaccine represents over the origind vaccine,
and the origina vaccine developers would continue to receive compensation in line with the
socid vaue of therr work. A bonus payment system provides a potentiad mechanism for doing
this. One option would be to retain the exclusvity clause even if a superior vaccine were
developed, but give the developer of the origina vaccine incentives to buy out the technology of
the second producer. The bonus payments that would go with supplying a superior vaccine
would provide such an incentive. Alternatively, the newer vaccine could be purchased at aprice
based on its efficacy, but the developer of the newer vaccine could then be required to pay the
origind developer an amount equa to the price paid for the origina vaccine, less an dlowance
related to the production cost of the new vaccine. While this gpproach matches private and
socia research incentives more closaly than the blanket exception for superior productsin the

Orphan Drug Act, it would be difficult to administer.

5. Vaccine Coverage and Pricing

This section first argues that the key determinant of research incentives will be the totdl

revenue generated by avaccine, rather than the price per person immunized. Decisions about

whereit is cogt effective to vaccinate should be based on the incremental cost of manufacturing
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an additiond unit of vaccine, rather than the average price paid per person immunized under the
program. Given the desired market size and number of required vaccinations, the price per
person immunized can be determined by dividing the desired market sze by the number of
people needing immunization. The tricky question is determining the gppropriate market size.
The tota market promised should be large enough to stimulate research, but not so large that a
vaccine purchase program would not be cogt effective. Sub-sections 5.2 and 5.3 note that a
rough rule of thumb in the industry is that a market of $250 million per year is necessary to sour
sgnificant research, and argue that a vaccine purchase program would be highly cost effective
even a asubstantidly larger scale. The sponsor of a vaccine purchase commitment could start
with amodest program, which would not be too expensive, but retain the option to increase the
vaue of the program if the origina program proved too smdl to simulate sufficient research.
Sub-section 5.4 argues that as long as the vaccine price is not expected to increase too quickly,
thiswill not lead vaccine devel opers to withhold a vaccine from the market in the hope of getting

a better price.

5.1 Coverage

The key determinant of research incentives will be the total discounted revenue generated
by avaccine. It isvery expensive to conduct research, but once research is complete, it is
typicaly fairly cheap to produce additiona doses. For afixed amount of tota revenue, vaccine
developers will therefore be amost as happy to produce a high volume at alow price asalow

volume & a high price.
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Thisimpliesthat, at least as afirst goproximation, prices should be set per person
immunized, not per dose. Thereislittle reason to pay more per person immunized if more doses
are required to provide immunity than if asngle doseisrequired. In fact, the vaccineis more
vauable if only asingle dose is required to provide immunity, as this reduces ddivery costs and
islikely to increase patient compliance.

Moreover, the vaccine purchase program would not save money by excluding large
countries from coverage, or excluding countries if vaccination is cogt effective a the margind
cost of production, but not at the average price paid for vaccine under the program. Thisisa
fase economy, because potentid vaccine developers will need a fixed amount of revenueto
induce them to conduct research, and if fewer doses are purchased, the price per person
immunized will need to be greater to induce the same amount of research.?

Given the quantity of vaccines likely to be needed, the price per immunized person
should be set s asto yield the desired market Sze. Market Sze should be large enough to
dimulate research if scientifically warranted, but not so large that a vaccine would not be cost

effective

5.2What Size Market IsNeeded to Spur Research?

Thereisno single answer to the question of how large a market is needed to spur
research. Thelarger the market for a vaccine, the more firmswill enter the field, the more
research leads each firm will pursue, and the faster a vaccine will be developed. The more

researchers entering the field, the smaller the chance that any particular firm will be the firg to

21 Excluding countries that would have bought vaccine in the absence of a program at prices greater than or equal to
the price paid by the program would, however, increase incentives to develop vaccines. A sliding scale of co-
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develop avaccine. Thusthe cost of development, adjusted by therisk that a particular firm or
research team will not win the development race, rises with the potential size of the market.
Given the enormous burden of maaria, tuberculoss, and HIV/AIDS, it isimportant to provide
sufficient incentive for many researchers to enter the field and to induce mgor pharmaceutica
firmsto pursue severd potentia leads smultaneoudy so that vaccines can be developed quickly.

Because potentia vaccine developers know that their research may falil, in order to have
incentives to conduct thiswork, they must expect to more than cover their research expenses if
they succeed. For example, if potential biotechnology investors expect that a candidate vaccine
hasal in 10 chance of succeeding, they would require at least a tenfold return on their
investment in the case of sucocess to make the investment worthwhile??

There are severa ways to get a sense of the minimum market size needed to motivate
investors. DiMads et a [1991], who examined 93 randomly selected new chemical entitiesfrom
aaurvey of twelve pharmaceuticd firms and found that, taking into account the risk of failure at
each stage in the drug development process, the average cost per approved New Chemical Entity
(NCE) was $114 million 1987 dollars. Capitdizing thisto the date of marketing approvd a a
(probably over-generous) 8 percent discount rate implies an average cost of $214 million 1987
dollars, or gpproximately $313 million 1999 dollars. While thisfigure is of some interest, there
iswide varidion in the cost of developing pharmaceuticas. DiMas found that for most stagesin

the vaccine development process, the standard deviation of cost was greater than the mean cost.

payments could be used to gradually phase out the program.

22 As discussed in the companion paper, advocates for grant-funded research programs may have incentives to be
over-optimistic about the prospects for easily developing vaccines. The Institute of Medicine estimated in 1986 that
amalariavaccine could be developed for $35 million. Thisestimateisfar too low. From the limited description of
their methodology, it seemsthat their cost estimate assumes success in every stage of the vaccine devel opment
process, whilein fact, it islikely that many different candidate vaccines will have to be tried before a usable vaccine
is developed. A further indication that the Institute of Medicine's estimates were over-optimistic liesin their 1986
prediction that a malaria vaccine could be licensed within 5 to 10 years.
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Vaccinetrias for diseases with low incidence, such as HIV and tuberculosis, require very large
samples, and are therefore expensive

The cost of developing mdaria, tuberculogis, or HIV vaccines may be much higher than
suggested by these estimates, Since surveys of existing drugs and vaccines are disproportionately
likely to focus on the low- hanging fruit of entities thet are chegp to develop. Unfortunatdly,
vaccines for maaria, tuberculosis, and HIV may not be such low- hanging fruit.

It isalso useful to consder the revenue streams which seem sufficient to induce vaccine
research in developed countries. The new Varivax vaccine againgt chickenpox is expected to
average about $177 million in annud revenue for thefirgt 7 years of its sdles[Merck Annua
Report, 1998].

One gpproach to estimating the necessary size of a program isto ask pharmaceutica
executives whether a vaccine purchase program could serve as an important incentive for
research, and how big the program would need to be do so. There are severd reasons why this
approach may give mideading results. Fird, the question is mis-specified. As discussed above,
firms must decide not merdy whether to invest in developing a particular vaccine, but aso at
what leve to invest. The more lucrative a market, the more leads they will pursue. Second,
pharmaceutica executives may see the question as part of a price negotiation, and may therefore
inflate their estimates, particularly if they expect that budgets are likely to be cut in a process of
negotiation. Third, pharmaceutica firms may well request programs thet increase their profits,
without necessarily increasing their incentives to develop anew vaccine. In particular,
pharmaceutical executives may claim that the most useful motivator for HIV vaccine research

would be higher prices on existing vaccines. Pharmeceutical executives clearly have an

23 Regulators may require large samples even for vaccines for diseases with higher incidence, because they believe it
is especially important to detect potential side effects of vaccines, since they are administered to healthy people.
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incentive to clam this, whether or not it isthe case. Fourth, pharmaceuticd firms have been
criticized for failing to invest in research on vaccines for diseases which kill millions of people,
while investing in more commercidly viable drugs [Sivergtein, 1999]. This may make
executives reluctant to admit that they are not investing in vaccines because they think such
vaccines would not be profitable. 1t is more politically acceptable for executives to say that they
are not investing because they see few scientific prospects for such avaccine. Findly, the key
decison makers are not just pharmaceutica firms, but also biotech firms and their potentia
investors. Scientists working on vaccines may not have even conddered the possibility of
garting biotech firms or seeking investors, but if alarge market were expected for vaccines, they
might start thinking about this. Given that they probably have not spent that much time thinking
about these issues yet, thelr responses to questions may not be that informative.

The opinion of outsders, familiar with the industry, but not part of it, may be somewhat
more credible. A respected pharmaceutica consulting firm estimates that a $250 million annua
market is needed to motivate pharmaceutica firms [Whitehead, 1999]. A tenyear purchase
commitment would likely be sufficient to mativate research, given that potentid vaccine
developers are likely to heavily discount sales after this period, and that competing vaccines are
likely to emerge after ten yearsin any case, and drive down prices to the point at which they
could be more broadly affordable®* A condition of participation in the program could be
agreement to license the vaccines to producers in developing countries after ten years of

purchases at an gppropriate level.

2 Thelife of apatent is 20 years. However, avaccine would only reach the market several years after the date of
application for apatent. The effectivelife of apatent isthe number of years of remaining on the patent from the
timethat it isfirst brought to market. Shulman, DiMasi, and Kaitin [1999] report that the average effective patent
life for new drugs and biologicalsis 11.2 years under the Waxman-Hatch Act, which granted extra protection to
inventorsto partially make up for loss of patent life during regulatory review. Without the Act, patent life would be
8.2 years. TheAct coversthe U.S. only, and there is no reason to believe that devel oping countries will offer similar
patent protection. As noted above, arequirement to license vaccines after ten years could potentially be built into
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If politicians are unwilling to assume lighility for more than afixed amount of potentiad
expenditure, coverage under the program could be capped. For example, suppose that a $250
million annud market was deemed necessary to spur serious research on each vaccine, but that
political leaders were unwilling to commit to more than $520 miillion in potentid annud
expenditures on new vaccines. Suppose aso that the chance that malaria, HIV, and tuberculoss
vaccines were al developed smultaneoudy were judged to be less than 10 percent. Instead of
only covering vaccines for two diseases, an dternative gpproach would be to pledge $260
million in annua purchases for vaccines for any of the diseases, subject to a $520 million cap on
tota committed annua expenditures. In the unlikely case that vaccines for three diseases were
developed smultaneoudy, purchases for each would average one-third of $520 million, or $173
million. The expected market for a vaccine devel oper would be 0.9 * $260 million + 0.1 * $173

million, or $251.3 million.

5.3 Cost-Effectiveness

While the need to motivate research sets alower bound on the size of the purchase
commitment, the need for the program to be cost effective when compared to dternative hedth
interventions sets an upper bound on the Sze of a purchase commitment. This section argues
that given the levd of funding which islikely to be forthcoming, thisis unlikdly to prove a
serious congraint. The World Bank cdls hedlth interventions that cost less than $100/DALY
saved highly cost effective [World Bank, 1993]. A program to purchase vaccines for malaria,

tuberculosis, and HIV would be one of the most cost-effective hedth interventions in the world.

the program.
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Kremer and Glennerster [2000] consider preliminary estimates of the cost-effectiveness
of commitments to purchase vaccines a various funding levels, vaccine efficacy levels, and
required numbers of doses.

We focus on a base case of an 80 percent effective one-dose vaccine that could be
delivered with the EPI package. The average annua market is taken to be $336 million for each
vaccine, with donors contributing approximatdy $250 million annudly, and co-payments
providing the remainder. The DALY burden of mdaria, tuberculoss, and HIV istaken from the
World Health Report [WHO, 1999]. We assume coverage rates of 75% for targeted new cohorts,
50% for young children and pregnant women, and 30% for other existing cohorts. Margina
delivery cogts are assumed to be $1, $3, and $5 for these groups.

Wefind that in the first ten years of the program, it would be cost effective to vaccinate
gpproximately 600 million people againgt mdaria, 1.7 billion againg tuberculoss, and 1 billion
people againgt HIV. The net present value of expenditures per discounted DALY saved over a
ten+year horizon would be $18 for maaria, $33 for tuberculos's, and $10 for AIDS, including
delivery costs. However, the benefits of the program will continue beyond the 10-yeer life of the
purchase commitment, as competing vaccines gppear and pricesfdl. With competition the price
of the vaccine islikely to fdl to alevel which is affordable for governments and agencies such as
UNICEF. Thelong-run net present vaue of expenditures per discounted DALY saved would be
$9 for maaria, $21 for tuberculosis, and $5 for AIDS. Overal, the cost would be about
$10/DALY. These numbers are very rough and should smply be taken asindicating orders of
magnitude, but they do suggest that vaccine purchases would be highly cost effective rlative to

the $100 per DALY World Bank threshold. Dividing the $336 million annua market by the
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required number of doses yields avaccine price per person immunized in the first 10 years of
$5.38 for malaria, $2.03 for tuberculoss, and $3.43 for HIV.

Purchase commitments would remain cost effective under arange of dternate
assumptions about vaccine efficacy, the number of vaccine doses required, and the size of the
fund. In particular, even if vaccine efficacy were only 30%, immunization coverage for new
cohorts was only 50% rather than 75%, the overall fund size was $500 million per disease per
year, or three doses were needed, the program would remain cost effective.

These estimates are likely to be conservative, as we have not taken into account some
important but difficult to quantify effects. 1) Immunization programs are likely to reduce
secondary infections, particularly for HIV and tuberculosis. 2) We have assumed that the
population and prevalence of the diseases are at steady state. Given the fixed costs of research
and development, population growth will tend to reduce the price per immunization and the cost-
effectiveness of the program. 3) HIV prevdenceis growing, which would lower the cost of the
program per DALY saved. 4) It is possible that with widespread immunization, the diseases
would be eradicated, at least in someregions. In this case the benefits of the program would
continue, while the delivery and manufacturing costs would fal. 5) We have neglected benefits
flowing to rich countries, which are important for HIV/AIDS and tuberculosis. 6) We have
assumed reasonably high manufacturing and delivery costs. 7) We have not dlowed for any
targeting of vaccine delivery to areas of particularly high prevaence within countries, which

would improve codt-effectiveness.

5.4 Increasing the Promised Vaccine Price over Time

The sponsor of a vaccine purchase commitment program could tart with ardatively

modest program. If additiond incentives were judged necessary to spur vaccine research, the

promised price could be increased until avaccine were developed or the price reached the social
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vdue of avaccine®® This procedure mimics auctions, which are typicaly efficient procurement
mechanismsiin situations in which production costs are unknown.?®

Aslong as the price promised for a vaccine does not incresse at arate grester than the
interest rate, firms will not have an incentive to St on a vaccine they have developed while
waiting for the price to rise. To seethis, note that afirm which delays sdling avaccine
postpones its returns into the future, and therefore has to discount these returns at the interest
rate. Inaddition, delay risks the possibility that a competitor will introduce an dterndtive
vaccine. Findly, if the vaccine developer has dready taken out a patent, delay uses up the patent
life

If the price promised to vaccine devel opers was increased, this increase could potentialy
be redtricted to vaccines which were based on patents that had not yet been taken out. Greater
incentives may not be needed to stimulate the find stages of research on a candidate vaccine that
isaready promising. Moreover, restricting price increases to vaccines based on new patents
reduces the chance that firms will withhold a product from the market in the hope that prices will
increase. Pharmaceutica firms are not likely to risk delaying patent gpplications for fear that a
competitor will preempt them, especiadly since there are potentidly many competing biotech
firms that could patent vaccines, whereas only afew large pharmaceuticd firms actualy conduct
clinicd trids and manufacture vaccines?  As discussed in the gppendix, increasing the price

over time may induce firmsto delay starting research on avaccine, or dow down the pace of this

5 gince the quantity purchased would stay constant, total revenue would rise in proportion to price.

26 Another option would be to pre-announce that if no vaccine had been devel oped by a certain date, the price would
start growing automatically. However, it is probably better to let future decision makers choose whether or not to
increase the price, sincein some scenarios it would be optimal not to increase the price. For example, there would

be no need to increase the price if general technological advancesin biology reduced the expected cost of
developing avaccine sufficiently that many firms decided to pursue vaccines.

27 One potential problem with this approach is that vaccine devel opers might incorporate unnecessary | ate-patented
components in the vaccine to qualify for ahigher price. However, acommittee could rule on what were the key
patents used in a given vaccine, so simply adding an extra useless patent would not |ead to a higher vaccine price.
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research, but this strategic delay will not be severe if many firms can potentidly compete to
develop avaccine. Moreover, while vaccine trias could not be conducted secretly, research
towards patents could be, and this would make it much more difficult for potentid vaccine
developers to collude to increase the price by delay.

The gppendix uses techniques from the economic theory of auctions to examine the effect
of increases in price on vaccine development. The main results are asfollows: If there are many
competing firms, a system in which the price starts low and rises over time will generate a
vaccine at close to the lowest possible cost. The fewer competing researchers, the longer each
waits before beginning vaccine research. The greater the initia price, the more rapidly avaccine
will be developed. Thisimpliesthat if society values avaccine highly, it should choose ahigh
initid price, and thus be willing to incur the risk of paying more than the minimum cost
necessary to pur vaccine development. In the most redistic case, increasing the growth rate of
the price will speed vaccine development unless very few firms could potentialy compete to

develop the vaccine.

6. The Scope of a Purchase Commitment

Potentialy, advance purchase commitments could be used to encourage research not only
on vaccines, but aso on other techniques for fighting disease, including drugs, diagnostic
devices, and insecticides againgt the mosguitoes which transmit maaria.

Covering arange of technologies would avoid biasing research effort towards vaccines,
rather than other technologies to fight disease. The example of the British government’s prize
for amethod of determining longitude suggests that prize terms should be set so asto admit a

variety of solutions. Mogt of the scientific community believed that longitude could best be
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determined through astronomical observations, whereas the actuad solution was through
development of a sufficiently accurate clock. Pre-specifying an astronomical solution would
have been amistake.

On the other hand, opening up the program to any method of fighting disease would
make defining digibility and pricing decisons dmos impossble. For example, devel opers of
new HIV counsdling techniques could seek to obtain payments for new techniques for promoting
safe sax. Resources would be wasted in disputes over the impact of such programs. If only
vaccines for mdaria, tuberculoss, and HIV were digible, the resources wasted on adminigtration
and on attempts to influence the committee would likely be fairly smadl relaive to the cost of
developing avaccine, snce only those who had actualy developed a vaccine would have an
entry ticket to begin trying to influence the disposition of program funds. One factor that
militates toward redtricting the program to vaccines and drugsis that existing inditutions, such as
the U.S. FDA, dready have areputation for adjudicating safety and efficacy of vaccines and
drugs. A safe, environmentally gppropriate insecticide might be an excdlent way to fight
maaria, but awhole set of procedures would need to be developed to determine digibility
gandards for insecticides. This suggests that research on insecticide might be better supported
through push programs.

In principle, purchase commitments are gppropriate for both drugs and vaccines, but if a
choice has to be made for budgetary reasons, vaccines are probably a dightly higher priority,
gnce digtortions in vaccine markets are more severe. Since drugs are much more susceptible
than vaccines to the spread of resistance, individual decisons to take drugs may potentialy

creete negative, as well as pogitive, externdities. Moreover, drugs are widdly considered to be
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more profitable than vaccines, perhaps because consumers are reluctant to spend on vaccines for
either behaviora or learning reasons.

Table 1 shows the number of desths caused annualy by various diseases for which
vaccines are needed. Given a sufficient budget, it might be appropriate to commit in advance to
purchase vaccines developed againgt any of these diseases. However, if funding istightly
limited, it may be appropriate to target the most deadly diseases.

Table 1: Deaths from Diseases for which Vaccines Are Needed

Diseases Deaths (000)? %
AIDS 2285 27.47
Tuberculoss 1498 18.01
Mdaria 1110 13.34
Pneumococcus” 1100 1322
Rotavirus 800 9.62
Shigella 600 7.21
Enterotoxic E. coli 500 6.01
Respiratory syncytid virus® 160  1.92
Schigosomiass 150 1.80
Leshmaniass 42 0.50
Trympanosomiasis 40 0.48
Chagas disease 17 0.20
Dengue 15 0.18
Leprosy 2 0.02
Tota deaths 8319 100.00

& Estimated, World Health Report, WHO, 1999

b A pneumococcus vaccine was just approved for use in the United States, but it needs to be
tested in developing countries, and perhaps modified accordingly.

¢ The Jordan Report, NIAID, 1998

4R, Bergquist, WHO, persona communication

Source: Children’s Vaccine Initiative, CVI1 Forum 18, July 1999, p. 6.

An dternative option would be to start with some easer-to-devel op vaccines and drugs as away
of building credibility. It dso may be useful to first experiment with purchase commitments for
afew vaccines or drugs and then consider modifying or extending the program based on the

resulting experience.
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Conclusion

For avaccine purchase commitment to stimulate research investment, it must provide a
credible promise that developers of good vaccines will be rewarded. Eligibility requirements
could include both minimal technica standards, and the market test that developing countries be
willing to provide a co- payment for the vaccine. To provide incentives for development of high-
quaity vaccines, bonus payments for vaccines could be tied, directly or indirectly, to the number
of livesor DALY s saved by the vaccine, and to the ddlivery cost. The developer of the first
viable vaccine could have market exclusivity unless subsequent vaccines are clinicaly superior.
The vaccine price promised per immunized child could initidly be set at amodest leve, and
could then beraised if it proved insufficient to spur enough research.

This concluson briefly discusses the palitics surrounding vaccine purchase programs. It
then discusses the proposed U.S. tax credit for qualifying vaccine saes and the proposed World
Bank $1 billion fund for purchasing vaccines for future diseases. Findly, it discusses how a

private foundation could implement a vaccine purchase commitment.

The Palitics of Creating Marketsfor Vaccines

Those with agtake in current aid programs and in grant-funded research programs may
object to pull programs designed to create markets for vaccines, if they fear that resources would
be drawn from important existing initiatives. Organizationsinvolved in efforts to encourage

condom use, for example, may fear that funds to develop an AIDS vaccine would be drawn from
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prevention efforts. Academic and government scientists working on HIV research may be
concerned that a vaccine purchase program may resut in cuts in other important research
programs. These groups are well placed to affect the political decisionmaking process.

Conflict between the need for incentives to develop new vaccines and existing prevention
and research efforts will be limited if a purchase commitment is financed from pledges rather
than current budgets. When a vaccine became available, it might be seen asjudifying increasing
thetotal aid budget. Alternatively, once a vaccine became available, some existing prevention
efforts may be less cost effective, and budget savings will be possible. The prospect of these
future cuts will be politicaly easier than cutting existing programs, as future aid budgets do not
have as much congtituency among aid workers as current aid budgets. The people currently
promoting condom use or researching HIV may have retired or gone on to other jobs by thetime
an HIV vaccine has been developed. It isworth noting that the budgetary conflict between
research on new vaccines and efforts to control disease using exigting technologiesis sharper if
research is financed out of current budgets, asit would be in push programs, than if it is financed
through future vaccine purchases, which would come out of future budgets.

At least in the U.S. Congress, pharmaceutical firms are dso likely to be akey player in
discussons of how to encourage vaccine research and development. Pharmaceutica firms will
be interested in seeing some expenditure early in the program. This may be in part because such
expenditures would enhance the credibility of the commitment, and in part because a program
rewarding, say, amdariavaccine, would not necessarily yield high expected profits, snce much
of the profit would be dissipated in competition to develop the vaccine. 1t may be easier to find
champions for such programs in the pharmaceutica industry if some portion of the funds can be

used to cover vaccines which are closer to development. In particular, severa new
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pneumococcus vaccines are expected to be developed soon. Additional work will be needed to
test the suitability of these vaccines for developing countries, and perhaps to modify them to
reflect the strains of pneumococcus prevaent there. As currently written, the U.S.
adminigration’s proposa would cover new pneumococcus vaccines, since the disease kills more
than amillion people each year. Note, however, that one vaccine for pneumococcus has been
licensed recently, and that under the adminigtration’s proposdl, this particular vaccine would not

be eligible, snce it was developed before the legid ation was passed.

Potential Sponsorsof New Marketsfor Vaccines

Commitments to purchase vaccines could be undertaken by governments of industriadized
countries, the World Bank, or private foundations. One indtitution could establish the basic
infrastructure for a program and make an initid pledge and other organizations could later make
pledges of their own. Theinitia pledge could cover particular diseases or countries, with later
pledges broadening the program. Nations might not want to pledge to a vaccine purchase
commitment program operated under another donor nation’s control, so it might make sense to
build in procedures for representation of multiple donors on decision-making bodies a the Sart,
even if the program were initidly supported by only one or two donors.

The U.S. adminigtration’s budget proposal

[ http://Amwww.treas.gov/taxpolicy/library/grnbk00.pdf] includes $1 billion in tax credits on vaccine

sales over the 2002-2010 period. 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
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least one million people each year, would have to be FDA approved, and would have to be
certified by the Secretary of the Treasury after advice from the U.S. Agency for Internationa
Development. To qualify for the tax credit, sales would have to be made to gpproved purchasing
ingtitutions, such as UNICEF. Although the President’ s proposal is structured as atax credit, it
would have effects smilar to an expenditure program that matched private funds spent on
vaccines. The adminigtration’s proposa could help catayze other funds for vaccine purchases,
snce it matches such purchases dollar for dollar.

The details of which vaccine sdleswould qudify would be worked out by the U.S.
Agency for Internationad Development (USAID) under the program, and the anadlysisin this
paper suggests that the details of their procedures will be quite important for the effect of the
program. Biotech and pharmaceuticd firms are more likdly to find the commitment credible if,
once the tax credit legidation is passed, USAID quickly specifies guiddinesfor how it will
dlocate credits. In particular, USAID would need to specify how it will address issues of
vaccine pricing (presumably, it would not approve credit alocations for asmal quantity of
vaccine sold at tens of thousands of dollars per person immunized), how much of the fund could
be spent on avaccine that is currently far along in research, such as the pneumococcus vaccing;
and what procedures would be used to alocate creditsif multiple versons of avaccine were
avalable.

The World Bank president, James Wolfensohn, recently said that the ingtitution plansto
create a$1 billion loan fund to help countries purchase specified vaccines if and when they are
developed [Financial Times, 2000]. Glennerster and Kremer [20004] discuss this proposd in
more detail. Details of the Bank program have not been announced. One option under

congderation isamore generd program to combat communicable diseases of the poor. For a
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generd program to stimulate 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
aong the lines proposed by Wolfensohn, it is unlikely thet the large- scale investments needed to
develop vaccines will be undertaken. As discussed in the companion paper, increased coverage
of exiging vaccines, while desrable in its own right, will by itsdf be inadequate to convince
potentia vaccine developers that there will be amarket for new vaccines when they are
developed, given the long lead times for vaccines and the fickleness of donor interest.

An explicit commitment to help finance purchases of new vaccines will not interfere with
other initidives to tackle communicable diseases of the poor. This is because the commitment
does not have to be financed unless and until avaccineis developed. So, for example, the Bank
could increase lending to promote the use of bednets againgt maaria, or increase coverage of
exigting vaccines, while committing thet if and when new vaccines are developed, it will provide
loans to countries purchasing these vaccines.

Some within the Bank have traditionaly regarded earmarking future creditsfor a
particular purpose as undesirable because it reduces the flexibility of the Bank to provide loans
where they would achieve the greatest benefit. Sacrificing flexibility isa mistake when it brings
no compensating advantage. However, eermarking may be judtifiable as a response to time-
consstency problems. In particular, in the case of vaccines, eermarking can help resolve the
time-congistency problem inherent in convincing potentia vaccine devel opers that governments
will compensate them adequately once they have sunk fundsinto developing vaccines. Theloss
of flexibility associated with earmarking does not seem like amgjor problem, since it would be
hard to imagine a Situation in which purchasing vaccines for maaria, tuberculosis, and AIDS

would not be cogt effective. In any case, acommitment could be structured so that it would be
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triggered only if avaccine stisfied a particular cost- effectiveness threshold.

For countries to have an incentive to participate in the proposed World Bank program,
loans will need to be at the concessiond Internationa Development Association (IDA) rates, and
must not smply substitute for other concessona |oans countries would have received. Thisis
because commitments by one country to purchase vaccines benefit other countries by
encouraging vaccine research and development. No one country, therefore, has a sufficient
incentive to make a commitment on its own (the globa public good problem.)

Private foundations could aso play amgor role in creating markets for new vaccines.
Foundations may find it easier than governments to credibly commit to future vaccine purchases,
given their grester continuity of leadership. In particular, the Gates Foundation has $22 hillion
in assats, and one of its main prioritiesis children’s hedth in developing countries, and vaccines
inparticular. U.S. law requires private foundations to spend at least 5 percent of their assets
annualy. Thissuggests that away that “push” and “pull” incentives for vaccine development
could be combined. A U.S. foundation could spend 5 percent of its assets annualy on grants to
help expand use of existing vaccines and provide for vaccine research. Meanwhile, the
foundation could put its principa to use in encouraging vaccine research, smply by pledging
that if avaccine were actualy developed, the foundation would purchase and didtributeit in

developing countries.
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Appendix: The Effect of Increasing the Promised Pricefor Vaccines

This gppendix andyzes the effects of increasing the price pledged for a vaccine under the
smplest modd of auctions, in which each firm has a private cost of developing avaccine, and
these cogts are independent. Suppose that the cost of developing avaccine for pharmaceutical
firmi, denoted G, isindependently drawn from a distribution F with upper support p and that
thereare N symmetricd pharmaceuticd firms. Suppose the price p dartsa somevaduep < p
and then grows, or is expected on average to grow, at a constant rate until avaccine isinvented,
or until preaches p.

An equilibrium congsts of afunction pi(c;) mapping each firm's cogt into a price a which
it will develop avaccine. A necessary firg-order condition for pi(c;) to be privately optimd is
that the growth rate of surplus, pi-¢;, must equa the discount rate plus the hazard rate that ariva
firm will develop the vaccine. In the smplest case, in which bidders are symmetric and the cost
of developing avaccine is not correlaed among bidders, p; increases monaotonicaly with 6.
Given monotonicity, the hazard rate that ariva will enter depends on the probability that ariva
firm has a cost dightly gregter than ¢ conditiond on no firm having acost lessthan . Asthe
number of firms grows, pi(G;) declines, asymptoticaly gpproaching ¢, and the hazard rate that a
riva enters grows without bound. Thus, if there were many symmetric pharmaceutica firms,
this auction mechanism would lead a vaccine to be developed at a price very close to the cost of
its development. Increasing the number of bidders not only reduces the expected price, but so
reduces the expected time until a vaccine is developed given F and the growth rate of p.

At least over some range, increasing the growth rate of p, taking p asfixed, will speed the

time until avaccine is developed. Thisis despite the fact that the first-order condition implies
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that the faster the growth rate of p, or equivaently the lower the discount rate, the greater pi(c).
To see why increasing the growth rate of p peeds the auction, note that if the growth rate of pis
infinite, then the auction concludes immediately because the price immediatdy atans its upper
limtof p . Asthegrowth rate of p approaches zero, the expected time for the auction to
conclude grows without bound. Moreover, reducing the growth rate of p must asymptoticaly
increase the time until avaccineis developed, Snce as p/p approaches zero, pi(G) approachesits
lower bound of ¢;, and hence as the growth rate dows, the reduction in p; is bounded, whereas the
time it takes for the auction to reach any particular price increases without bound as the auction
dows.

It seems likely that the expected time until avaccineis produced typicaly declines with
the growth rate of p, given p, but if there are few firms, it is possible to construct examplesin
which the expected time until a vaccine is produced increases with the growth rate of p. If there
are many firms, then pi(c;) will be very closeto ¢, and hence reducing the growth rete of p will
have little effect on pi(c;), but will ill lengthen the time required to reach any price. Hence,
with many firms, argpidly growing price, given p, islikdly to lead to a much faster vaccine
discovery. On the other hand, if there are only asmal number of firms, then pi(c;) may be
ggnificantly greater than ¢, and reducing pi(c;) may sgnificantly shorten the auction. Congder
the extreme case with only one firm. If p grows rapidly enough, the bidder will prefer to wait
until the end of the auction, when the price reaches p , before developing avaccine. On the
other hand, if the growth rate of the priceislessthan the interest rate, then once p/c; is great
enough, the vaccine will be developed. Thus, a least for some redizations of ¢, increasesin the
growth rate of p can lengthen the time until avaccineis developed. If the distribution of the cost

of development is such that most of the massisat alow leve, but thereisathin tall reaching up
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to p , then increases in the growth rate of p can lengthen the expected time until avaccineis
developed.

Holding constant p and the growth rate of the price, the higher p, the shorter the time
until avaccineisdeveloped. This suggests that the more avaccineis vaued, the grester p
should be. In the extreme, if the socia value of the vaccine isfar greater than the upper support
of ¢, then it would make sense to either have the price rise very quickly, or to choose p closeto
P. Some may fed that the socia value of vaccinesis o grest that it is better to spend more
money than to risk delay, but this does not seem to be the revealed preference of rich country
governments.

Aslong asthe price does not grow that much faster than the interest rate, pharmaceutical
firmswill not actudly St on avaccine they had dready developed, waiting for the priceto rise.
Given discounting, it would be better for the firm to wait to begin research, rather than to firgt
incur the cost of developing avaccine, and then St on the vaccine. Evenif the firm got lucky
and developed a vaccine faster than it expected, it would not Sit on it if the growth rete of the
program were equal to or less than the discount rate. Once avaccine is developed, the
opportunity cost of losing out to another bidder is not p-c;, but rather p. The firm would only
wait to develop the vaccine if the growth rate of p exceeded the discount rate plus the hazard rate
that another firm would develop avaccine®®

The optimd initid price depends on the expected cost of developing the vaccine, and
therefore would genericdly differ between diseases. To seethis, consder ahypothetical
example in which each pharmaceutica firm faces its own cogt of developing avaccine, but it is

common knowledge that the cost of developing amaaria vaccine is such that research would be

28| am considering the case in which there is only one potential patented vaccine, so the winner reaps the entire
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profitable at between $5 and $6 per person immunized, while the cost of developing an HIV
vaccineis such that research would be profitable at between $15 and $16 per person immunized.
Starting the auction at more than $6 per person immunized would provide unnecessary rentsto
developers of amalariavaccine. Starting the auction at less than $15 per person immunized
would unnecessarily delay the development of an HIV vaccine.

The andysis above treats the cost of developing a vaccine as independently distributed
across bidders, but in practice, there are dmost certainly common components to this cost, and to
the benefits of sdling avaccine to the program. Thiswill create some tendency towards a
winner'scurse. Firms might try to publicize any leads in research in order to deter rivas. This
isagenerd feature of patent races, and is not specific to this mechanism. Since developing a
vaccine involves many stages of research, and promising vaccines can fall a any stage from
laboratory teststo animd trias to Phase 4 human trids, potertid rivas are unlikely to believe

that the leader has alock on becoming the first to develop avaccine®®

reward.
29 For example, rotavirus vaccine was recently withdrawn from the U.S, market, at least temporarily, following
reports of side effects.
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