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this chapter examines the role that health insurance, especially the government programs Medicare 

and Medicaid, might play in controlling antibiotic resistance. the central problem with antibiotic use 

by one patient is that it may have a negative externality—the spread of a resistant infection to other 

patients. if, however, those patients are part of the same health insurance pool, the health insurance 

company will “internalize” those effects and therefore have an incentive to promote the socially 

optimal level of antibiotic use. 

The two federal government health insurance programs are in 

a unique position to manage the externalities from antibiotic 

use. Medicare is the nation’s largest unified insurer. Moreover, 

because Medicare and Medicaid together are such large 

purchasers of medical care, they have the bargaining power 

to effect significant changes in the conduct of doctors and 

hospitals. At the very least, because they have high visibility, 

they can take a leadership role in highlighting the importance 

of ensuring the socially optimal use of antibiotics.

It is important, however, to note the difficulties with 

employing Medicare and Medicaid as instruments to limit 

the growth of resistance. One is that government agencies 

likely do not respond as well as private firms to incentives 

to control costs, in this case from resistance. Another is that 

Medicare, which is better able to coordinate a response to 

resistance than Medicaid, does not cover long-term care 

facilities, which are a significant source of antibiotic use and 

resistance.

This chapter is organized into seven sections. The first 

explains why health insurance companies might find it in 

their interest to control the externalities from antibiotic use. 

The second presents some limitations on the scope of health 

insurance companies and thus on their ability to control 

antibiotic-related externalities. The third section explains 
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why, among health plans, Medicare and Medicaid might be 

uniquely positioned to control resistance externalities from 

antibiotic use. The next section reviews existing quality control 

programs that could serve as models for programs to control 

antibiotic resistance, and the following section explores ideas 

for new programs specifically targeting the problem. The 

penultimate section reviews the limitations of Medicare and 

Medicaid. The conclusion explores alternative mechanisms to 

internalize the externalities from antibiotic use.

background

The public policy concern with antibiotics is driven by the 

externalities from their use, one positive and one negative. To 

simplify, the positive externality is that patient A’s use of an 

antibiotic against a contagious bacterial infection prevents the 

spread of that infection to patient B. The negative externality 

is that patient A’s use (or misuse) of an antibiotic may make 

the bacteria in her body resistant to the antibiotic, and these 

resistant bacteria may spread to patient B. Because the bacteria 

are now resistant to the antibiotic that A used, B cannot use 

that antibiotic to control his infection. 

A standard solution to an externality is to get the source of the 

externality to “internalize” the external benefits or costs she 

imposes on others. If the source bears all the external effects 

of her decision, she will behave in a manner that is consistent 

with social welfare—that is, the good of the community and 

not just herself. To demonstrate how this might work, consider 

the classic example of the rancher who is neighbors with a 

farmer (Coase 1960). The externality is that the rancher’s cattle 

occasionally wander onto the farmer’s land and trample his 

crops. There are many ways to get the ranching business to 

internalize its externality on the farm. For example, the farmer 

could buy the rancher’s business or sue the rancher in tort for 

damage to his crops. If the value of the lost crops is greater than 

the value of additional grazing opportunities for cattle, then the 

grazing will voluntarily cease.1

The problem with applying this solution to the antibiotic 

problem is that it is not immediately obvious how to get 

one patient to internalize the externalities of her antibiotic 

use on the other patient. Moreover, allowing one patient to 

sue another is complicated by two problems.2 First, litigation 

1   another solution is to regulate the behavior or environment of the 
source to control her externalities. in the rancher and farmer example, 
the alternative to internalization is mandatory government regulation that, 
for instance, requires ranchers to fence their property or limits cattle 
populations. in the antibiotic context, the government could tax antibiotic 
use or require better sanitation. 

2   People can and do sue hospitals for hospital-acquired infections. in 
one view, this strategy holds hospitals vicariously liable for externalities that 
emanate from patients. in another view, hospitals (or their agents, nurses, 
and nonindependent contractor doctors) are liable for infections because 
they are delegated the task of treatment by patients. in either case, the 
purpose of liability is to encourage hospitals to control infections and to 
manage antibiotic use. some obvious limitations of the strategy are that 
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is traditionally used to manage only negative externalities—

damages as opposed to windfalls. Second, whereas it is easy to 

determine whether the rancher’s cattle harmed his neighbor’s 

crops, it is hard to determine which other patient’s antibiotic 

use is responsible for a victim’s resistant bacterial infection.

Nevertheless, there may be an indirect way to ensure that 

antibiotic externalities are internalized. Most patients do 

not directly pay for their medical care. Rather, their health 

insurance plan pays for the cost of treatment. In most cases, 

patients pay an annual premium (in monthly installments) 

and the health insurance company pays for each treatment as 

required. If a patient acquires a bacterial infection, whether 

resistant or otherwise, the health insurance company bears 

the marginal cost of treatment of that infection. Moreover, 

if patients A and B purchase health insurance plans from 

the same company and thus are in the same insurance pool, 

then that company internalizes the health expense behavior 

of both patients. If A uses an antibiotic, the company pays 

for it. If this prevents a nonresistant bacterial infection in B, 

the company avoids paying for treatment of that infection. 

If it causes a resistant infection in B, then the company 

pays for the cost of his treatment. Therefore, the company 

has an incentive to subsidize consumption of an antibiotic 

when it has a positive externality because it lowers the costs 

of treating other patients. Likewise, it has an incentive to 

limit consumption of an antibiotic when it has a negative 

externality because that would increase the cost of treating 

other patients.3 In short, health insurance may be a vehicle for 

internalizing the externalities from antibiotic use.

it does not address the problem of community-acquired infections or of 
patients admitted with resistant infections acquired at other hospitals 
(not the fault of the hospital being sued). indeed, it is possible that 
liability exposure may encourage hospitals to avoid patients with a history 
of resistance. nevertheless, the possibility of internalizing infection 
externalities through litigation should be explored. it is, however, outside 
the scope of this chapter.

3   of course, insurance companies cannot stop patients from consuming 
antibiotics that are purchased over the counter.

Limitations to using health insurance

That said, there are several limitations on the use of health 

insurance to manage the external effects of antibiotic use. 

First, some costs of bacterial infections—days off work, pain 

and suffering—may not be insured.4 The magnitude of this 

omission may be quite large. For evidence we can look to 

medical malpractice cases. Compensatory damages from 

malpractice are divided into two categories, economic and 

noneconomic. Economic damages include cost of medical 

care and loss of wages; noneconomic damages include pain 

and suffering. A 2004 RAND study of medical malpractice 

jury verdicts in California found that the average award for 

noneconomic damages was 72 percent of the average award 

for economic damages (Pace, Golinelli et al. 2004). This 

suggests that the nonmedical costs of bacterial infections 

may be less than 42 percent of the total costs of these 

infections.5 Although medical malpractice injuries may 

not be representative of all injuries and jury verdicts may 

be somewhat imprecise,6 the statistics suggest that health 

insurance companies may not fully internalize the costs of 

third-party bacterial infections.

The incomplete scope of coverage does not necessarily sink 

health insurance as a vehicle for regulating externalities. 

If the noncovered costs of the positive versus negative 

externalities are roughly proportional to the covered costs 

4   indeed, the to-the-bone cynic might argue that one cost—mortality—
actually encourages the health insurance company to always undertreat 
in the hopes of reducing costs. this perverse incentive is limited by the 
consolidated omnibus budget reconciliation act of 1985, which allows 
an employee’s surviving spouse to purchase continuation coverage, 29 
u.s.c.a. §1163, at virtually the same premium, §§1162(3), 1164, for 18 
months, §1162(2).

5   it is possible that the noneconomic damages include not just the 
nonmedical costs of malpractice, but also, for example, the “outrage” 
the jury feels towards the defendant’s behavior or other “justice”-related 
concerns. nevertheless, a nontrivial portion of noneconomic damages also 
includes nonmedical costs.

6   but see Vidmar (1995).
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of these externalities, then heath insurers may still have the 

proper incentives to balance these externalities. Although 

the findings of studies that examine the effects of resistant 

and nonresistant infections vary widely, a recent study 

by Cosgrove, Qi et al. (2005) is fairly representative. That 

study found that methicillin-resistant Staphylococcus aureus 

(MRSA) increased the length of hospital stay and hospital 

charges by similar numbers, 29 and 36 percent, respectively, 

relative to methicillin-susceptible S. aureus (MSSA).7 Thus 

there may be a rough balance in relative impact of resistant 

infections on covered outcomes (hospital charges) and 

noncovered outcomes (length of stay and thus wages), which 

are proportional to length of stay. Therefore, the incomplete 

coverage may not significantly skew the incentives of health 

insurers to achieve the social optimum.

A second problem with using health insurance to control 

antibiotic externalities is that no health insurance plan 

covers all third parties that might be affected by a covered 

individual’s antibiotic use. Therefore, no insurance plan will 

account for the external effect of a beneficiary’s antibiotic use 

on all third parties. The largest private insurer, UnitedHealth 

Group, covers about 65 million persons nationwide (WSJ.

com 2006). This is, to be sure, a very high number. But 

no other company comes close to UnitedHealth’s market 

share. Moreover, unlike the externalities from antibiotic 

use, UnitedHealth’s market share is not geographically 

concentrated. If it were, it could face significant antitrust 

liability.

A third problem with internalization through health insurance 

is that most insurance contracts have limited duration. 

7   at least for mrsa, the results on mortality are scattered. along with 
mchugh and riley (2004), cosgrove, Qi et al. (2005) found no effect of 
resistance on mortality. however, engemann, carmeli et al. (2003) found 
a threefold increase in mortality relative to mssa for surgical-site mrsa. 
finally, Pittet, tarara et al. (1994) and Pittet and wenzel (1995) report that 
patients with a nosocomial bloodstream infection are 35 percent more 
likely to die. 

Therefore, insurers do not have the incentive to account for 

the externalities suffered by (as opposed to those caused by) an 

individual that occur after her contract terminates. In general, 

insurance contracts have a duration of one year. Because most 

health insurance is provided as an employee benefit, however, 

the actual length of coverage is the length of employment 

at a given employer. Moreover, under the Consolidated 

Omnibus Budget Reconciliation Act (COBRA) of 1985, 

an employee generally has the right to purchase 18 months 

of continuation coverage from the same insurance company, 

29 U.S.C.A. §1162. Finally, many employees have retiree 

coverage. According to the U.S. Census Bureau (2006), of the 

34.7 million persons over the age of 65 in 2003, 12.2 million 

had private health insurance related to their employment. 

Regardless of the length of an individual’s health insurance 

contract, however, and even with COBRA, coverage ends 

18 months after retirement unless the individual has retiree 

coverage through his employer. And it is unheard of for an 

individual—other than one associated with the military—to 

have cradle-to-grave insurance coverage from the same 

company. Therefore, even a covered person’s life includes 

significant periods that are not incorporated into an insurance 

company’s calculus of the net benefit of antibiotic use.

Like the problem of incomplete scope of coverage, neither the 

nonuniversal nature of coverage nor its incomplete duration 

renders health insurance useless as a vehicle to internalize 

the external effects of antibiotic use. At most, the limitations 

make it a somewhat worse second-best remedy.8 The loss from 

incomplete duration and nonuniversal coverage is limited so 

8   that said, there is an asymmetric risk that current health insurance may 
contribute to the overuse of antibiotics. the first-order effect of insurance 
is to reduce the marginal cost of antibiotic use and thus encourage 
more consumption than may be optimal, given the negative resistance 
externalities of antibiotic use (see chapter 2). if the net external effect of 
antibiotic use is negative, antibiotics should be subject to a Pigovian tax 
rather than a subsidy, it may be hard for an insurance company to levy such 
a tax because a patient could simply purchase the antibiotic on her own 
without telling the insurance company. it would be difficult for insurance 
companies to enforce contractual limitations on such sales.
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long as either the external benefits or the external costs of 

antibiotic use are not relatively concentrated in covered life 

years. For example, if covered life years tend to capture only 

the positive externalities from antibiotic use—that is, covered 

lives are mainly at risk from nonresistant infections—then 

health insurance policies will be biased in favor of excessive 

use of antibiotics. 

the unique potential of medicare and medicaid

Given that the incentive of health insurance plans to correctly 

control externalities from antibiotic use is proportional to 

coverage, the limitations of current private health insurance 

plans highlight a potential benefit from a universal health 

insurance plan, whether run by the government or by 

a private entity. Since our focus is the problem of drug 

resistance, the pros and cons of universal health insurance 

are outside the scope of this discussion. Instead, this chapter 

focuses on the next best thing: Medicare and Medicaid.

Medicare is primarily a federally run, mandatory old-age and 

disability insurance program. Medicaid is primarily a state-

run welfare program that pays for health care for the poor. 

Each program has a different structure, and each structure 

has its own complexities (Box 6.1 and Box 6.2). Although 

Medicare and Medicaid do not have a significantly broader 

scope of coverage than private plans, they do have two 

advantages for the purpose of creating proper incentives to 

internalize the external effects of antibiotic use. 

First, the duration of coverage under the programs is relatively 

long. Medicare covers individuals from the time they reach 

the age of 65 to the day they die, 42 U.S.C.A. §426(a). In 

addition, Medicare covers the disabled for as long as they are 

disabled, §426(b), and Medicaid covers certain classes of poor 

people so long as they are poor. Since many disabilities are 

permanent and the ailments that afflict Medicaid recipients 

typically reduce their incomes, coverage for disabled persons 

and for the poor is typically long-lived. Second, the two 

programs cover a large number of lives. According to the 

U.S. Census Bureau (2006), Medicare covered 39.5 million 

persons, and Medicaid, 35.5 million persons in 2003. Because 

Medicare and Medicaid beneficiaries tend to be medically 

more vulnerable, although these programs cover only 26 

percent of the U.S. population of 288.3 million in 2003, they 

paid for 47 percent of the cost of all hospital care and 64 

percent of the cost of all nursing home care that year (U.S. 

Census 2006).9

Because of their size, Medicare and Medicaid have greater 

incentives than private insurance plans to internalize the costs 

of antibiotic use. In addition, however, their immense buying 

power gives them a great deal of influence over the behavior 

of providers even with respect to persons not covered by 

these programs. Medicare and Medicaid can directly require, 

for example, broad infection control programs as a condition 

of participation. Such programs would benefit not only 

Medicare and Medicaid enrollees but also other patients. 

Institutional providers, such as hospitals, would face the 

prospect of losing half or more of their revenues unless they 

complied, even though compliance would increase costs for 

9   medicare did the heavy lifting of hospital care costs (30 percent of 
all costs) and medicaid did the heavy lifting of nursing home costs (46 
percent). the two programs’ share of physicians’ costs (27 percent) was 
roughly in line with their population shares.

because of their size, Medicare and 

Medicaid have greater incentives than 

private insurance plans to internalize  

the costs of antibiotic use.
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Box 1.    

MeDicare

Medicare covers two classes of individuals. One class comprises all individuals above the age of 65. Medicare will cover 

only expenses not otherwise covered by employment-related health insurance for these individuals. The other class 

includes all disabled persons who have been eligible for Social Security benefits for at least two years. It also includes 

all individuals with end-stage renal (kidney) disease after a three-month waiting period. 

Medicare has four parts. Part A covers inpatient hospital care, care at rehabilitation hospitals, and care at skilled-

nursing facilities. It does not, in general, cover care at nursing homes. The distinction between hospitals, skilled-nursing 

facilities, and nursing homes is that the first are acute care facilities, the second are intermediate care facilities that “pit 

stop” between hospitals and nursing homes, and nursing homes are long-term care facilities. Home health services are 

covered partly by Part A and partly by Part B. The latter primarily covers outpatient care at hospitals, physician care, 

and certain other specialized services, such as home dialysis. Part C, also called the Medicare Advantage (previously 

the Medicare+Choice) program, is a series of managed-care, prepaid health plans that not only cover all the benefits 

in Parts A and B but also may offer additional supplemental benefits, including prescription drug coverage. Part D is 

the new Medicare drug benefit enacted in 2003. It covers some of the cost of prescription drugs outside the hospital 

setting. (Drugs prescribed pursuant to inpatient hospital services are covered by Part A.) There is also a class of 

insurance called MediGap that covers services not otherwise covered by Parts A and B.1 

Part A coverage is primarily financed by the Medicare payroll taxes that individuals pay throughout their lives. It is 

automatic for those individuals eligible for Medicare.2 Part B coverage is not automatic: it is available only to those 

individuals who enroll and pay a Part B premium that only partly covers the cost of the program. (Medicaid typically picks 

up the premium for low-income enrollees.) The remainder is financed out of general revenues. Part C is an alternative 

to Part A and Part B. It is offered by private health insurance companies and available to individuals who opt for it and 

pay a premium to these companies. The essential tradeoff is that individuals typically pay a lower premium than under 

Part B and/or get broader coverage than Part A and B, but in return they must accept the treatment constraints of 

managed care. Finally, Part D is financed by and available to any individual who pays a somewhat complicated scheme 

of premiums, deductibles, and coinsurance.3 These fees are discounted for low-income individuals.

1   medigap is a supplemental insurance for which individuals must pay separately. the government’s basic role in this market is to standardize the 
10 basic insurance plans that private companies may offer. the purpose of government regulation is to simplify the choices available to seniors. 

2   one caveat is that if an individual has paid less than 40 quarters of medicare taxes, then she may be charged a premium for Part a benefits.

3  monthly premiums are roughly $35, and the deductible is $250. there is a 25 percent coinsurance for the next $2,000 of drug expenses, a 100 
percent coinsurance for the next $2,850 of drug expenses (popularly known as the “doughnut hole”), and a 5 percent coinsurance for drug expenses 
in excess of $5,100 (Kaplan 2005).

Box 6.1
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all patients. Few providers could stand up to that pressure. 

Medicare and Medicaid can also indirectly affect provider 

behavior. If Medicare and Medicaid were to require, for 

example, the use of heterogeneous or shorter duration 

antibiotic therapies for their enrollees, providers would have 

two reasons to employ the same therapies for patients not 

covered by the government. First, it is easier for providers to 

use the same techniques for all patients rather than modify 

treatment based on the identity of the patient’s insurance 

company.10 Second, Medicare and Medicaid can change the 

standard of care by which doctors are judged in medical 

malpractice cases. Most state courts hold doctors to standards 

defined, in part, by custom (Peters 2002). But by changing 

the behavior of a quarter or more of doctors who treat 

Medicare and Medicaid patients, these programs can change 

the custom of care. 

Current quality control programs in medicare

This section describes the various quality control measures 

implemented by Medicare that might serve as antecedents for 

antibiotic control measures.

Three basic sources of authority govern Medicare’s quality 

control programs. The first is the Medicare statute that, 

in addition to setting some basic conditions that hospitals 

must meet to participate in Medicare, authorizes the U.S. 

Department of Health and Human Services (HHS) to 

“impose additional requirements if they are found necessary 

in the interest of the health and safety of the individuals who 

are furnished services in hospitals,” 42 U.S.C. §1995x(e); 42 

C.F.R. 421.1(1)(a)(i) (2005).11 Recently, Medicare used this 

10   this is consistent with research by heidenreich, mcclellan et al. 
(2002), who found that hmo treatment guidelines influence care of 
nonenrollees who suffer myocardial infarction.

11   medicare does not have a direct relationship with doctors, as it does 
with hospitals. the only relationship is indirect: a doctor who accepts 

Medicare coverage and premiums for all parts but C are 

ultimately set by the Centers for Medicare and Medicaid 

Services (CMS), a part of the Department of Health and 

Human Services. Claims are processed and providers 

are paid, however, by private contractors, such as 

Blue Cross and Blue Shield associations. Because CMS 

handles only high-level (or appealed) coverage issues, 

many applied coverage decisions are made by these 

private contractors. Because each contractor covers a 

particular geographic area, Medicare coverage may not 

be perfectly uniform across the country.

Institutional health care providers, such as hospitals, 

certain nursing facilities, and home health agencies, 

must enter into provider agreements to participate in 

Medicare. These agreements impose certain conditions. 

For our purposes the most relevant are that providers 

be “certified” and that they contract with a private 

peer-review organization to conduct quality and 

utilization review. For most facilities, the certification 

requirement is satisfied by seeking accreditation from 

the Joint Commission on the Accreditation of Health 

care Organizations (JCAHO), a private accreditation 

organization that is governed by members of, for example, 

the American Medical Association and the American 

Hospital Association. (The JCAHO accreditation process 

focuses not on health outcomes so much as whether 

a facility has the resources to provide quality care.) 

Doctors and pharmacies are not required to sign 

contracts with Medicare to participate in the 

program.
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MeDicaiD

In general, Medicaid covers two categories of people: the categorically needy and the medically needy. The categorically 

needy are mainly poor pregnant women, poor families with children, and the elderly and disabled who are poor. The 

medically needy are individuals not eligible for welfare benefits based on income but who are nonetheless impoverished 

because of medical expenses. The main group of poor persons omitted from Medicaid coverage consists of nonelderly, 

nondisabled persons without children. Because Medicaid is administered by states, specific eligibility criteria vary. 

Although federal rules mandate that certain groups be covered, states have the option to cover others. Moreover, under 

the so-called Section 1115 waiver, eligibility is determined solely by negotiations between a state and the Department of 

Health and Human Services.

Medicaid covers everything in Medicare Parts A and B and more. For example, it also covers family planning and long-term 

care at nursing homes. At a state’s option, it may also cover prescription drugs. For the elderly, it covers Medicare Part 

A and Part B premiums, as well as long-term nursing home care that is not included in Medicare. Importantly, roughly 50 

percent of nursing home residents are on Medicaid (Furrow et al. 2004).

Unlike Medicare, Medicaid is not an insurance plan. Rather, it is an entitlement, which means it is funded entirely from 

general government revenue. It does not charge beneficiaries any premium, deductible, or coinsurance. The costs of 

Medicaid are split between the states and the federal government, which contributes 50 to 83 percent of funds, depending 

on the per capita income of a state (Furrow et al. 2000). Medicaid is administered by each of the 50 states. Subject to 

certain federal guidelines, states determine eligibility, benefits, and provider reimbursement, and thus the program varies 

across the country.

mandate to implement the so-called Quality Assessment 

and Performance Improvement (QAPI) program, 42 C.F.R. 

§482.21. This program requires hospitals to track quality 

indicators, such as health outcomes and medical errors; use 

the data to identify opportunities for improving the quality of 

patient care and the causes of medical error; adopt programs 

assignment of a beneficiary’s claim so as to secure payment directly from 
medicare must agree not to bill the patient for any unpaid portion of her bill. 
this narrow relationship limits the extent to which medicare can change the 
behavior of individual physicians.

designed to act on the data; and hold executives and medical 

staff accountable for implementation of these programs. 

Second, the Medicare statute has a Medical Utilization 

and Quality Control Program, 42 U.S.C. §1320c-1–c-19. 

Related to this, the statute requires HHS to contract with 

peer-review organizations (now called quality improvement 

organizations, QIOs12) to monitor hospitals and other 

12   a list of Qios can be found at http://www.medqic.org/dcs/content 
server?pagename=medqic/mQgeneralPage/generalPagetemplate&na
me=Qio%20listings.

Box 6.2
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institutional providers to ensure that their services meet 

coverage criteria and promote effective, efficient, economical, 

and quality health care, §1395y(g). Medicare has contracted 

with 53 such organizations to review the health care provided 

to enrollees in all states and territories. If a QIO finds that a 

service does not meet the utilization or quality standards, it 

can retrospectively deny Medicare payment for that service 

to the provider, §1320c-3(a)(2). If a provider is found to have 

engaged in flagrant or repeated violations of quality standards, 

a QIO may institute proceedings to fine the provider or deny 

it the right to participate in Medicare, §1320c-5(b).

Third, the Centers for Medicare and Medicaid Services 

(CMS), a part of the Department of Health and Human 

Services, has the authority to initiate demonstration programs 

and studies to improve Medicare payment methodologies and 

operation, §1395ll. In addition, HHS has authority to offer 

“incentives to improve safety of care provided to beneficiaries” 

on a demonstration basis, §1395cc-3.13 One project initiated 

under CMS authority is the Premier Hospital Quality 

Incentive Demonstration. This project provides financial 

rewards to certain nonprofit hospitals that demonstrate high-

quality performance in areas such as treatment for heart 

attacks, pneumonia, and hip and knee replacements (CMS 

2006a). Participating hospitals in the top (second) decile of 

performance receive a 2 percent (1 percent) bonus on their 

Medicare payments for measured conditions. Another project 

is the National Health Information Infrastructure (NHII), a 

voluntary program; it establishes standards for the sharing and 

analysis of data on patients and their treatments and outcomes 

to facilitate more effective clinical decisionmaking and 

control of diseases that threaten public health (HHS 2006). 

A third project—similar to QAPI but targeting physicians 

rather than hospitals and not involving any penalties or 

13   this power is called the §646 demonstration authority. because 
approval of a §646 demonstration involves a lengthy and complex process, 
it is preferable to act under cms’s more general demonstration authority 
(sage forthcoming).

rewards—is the Physician Voluntary Reporting Program. 

This program invites physicians to report certain designated 

quality-related data from their own practices. For example, 

physicians are asked to report their timing for administration 

of antibiotics to patients hospitalized for pneumonia and the 

frequency with which they give antibiotic prophylaxis to 

surgical patients (CMS 2005). 

Medicare will likely have to rely on one or more of these 

three powers—its authority to set conditions for participation, 

contract with peer-review organizations or QIOs, and initiate 

demonstration projects—to implement a program to control 

antibiotic use. The difference among them lies in the carrots 

and sticks they employ to achieve their aims. The penalty for 

failing to meet the conditions of participation is loss of all sales 

to the government—a rather blunt instrument. The penalty 

for noncompliance with QIO standards is retrospective denials 

of payment—a more narrow and targeted instrument. Finally, 

the demonstration authority employs bonus payments and 

subsidies rather than penalties to ensure cooperation. It is 

more powerful in the context of hospitals whose resources 

are already stretched to the limit. Because Medicare can allow 

only limited demonstrations, however, full implementation will 

typically require additional legislation to provide authority to 

mandate participation by all providers.

To set up a demonstration antibiotic control program or expand 

a demonstration to all of Medicare (via legislation), one needs 

HHS has authority to offer  

“incentives to improve safety of  

care provided to beneficiaries”  

on a demonstration basis.
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a method for paying providers for their cooperation. There 

are currently three models for paying Medicare institutional 

providers; each is illustrated in Medicare compensation of 

hospitals.14 Medicare primarily pays hospitals on a prospective-

pay system that offers a fixed fee per ailment, regardless of the 

actual cost of treatment. Specifically, ailments, such as heart 

attacks or ulcers, are categorized into diagnosis-related groups 

(DRGs), and each DRG is associated with a fixed level 

of compensation. Medicare also compensates hospitals for 

reasonable capital costs and regional variations in labor costs 

by adjusting their total DRG payments upon filing proof of 

these costs.15 Finally, Medicare subsidizes hospital training of 

14   institutions are compensated for longer-term care on a reasonable (or 
“necessary”) cost basis, not the prospective pay system. some physician 
services are reimbursed according to reasonable charges by the provider 
or customary charges by physicians. other services are reimbursed on the 
basis of a fee schedule devised by cms. Just as hospital procedures must 
be categorized into diagnosis-related groups (drgs), physician services 
must be categorized into common procedure terminology (cPt) codes 
to be reimbursed. medicare covers 80 percent of charges or fees; the 
enrollee is responsible for the remaining 20 percent.

15   medicare monitors capital and labor costs by requiring hospitals to file 
detailed income statements and balance sheets through the health care 
cost report information system. these accounts are periodically audited 
by medicare to ensure their accuracy.

medical residents using a mix of fixed fees and reasonable 

costs. Specifically, subsidies are based on the number of 

residents a hospital trains, a hospital’s cost of training a 

resident, the fraction of a hospital’s patients who are Medicare 

enrollees, and the total amount of DRG compensation the 

hospital received (Bajaj 1999). 

what medicare and medicaid can do

Medicare and, to a lesser extent, Medicaid can do three things 

to promote more efficient management of antibiotic use. 

First, these programs can track bacterial infections, resistance, 

and antibiotic use among members. Because these programs 

cover more than 75 million patients, most of whom are poor 

or elderly and at high risk for resistant infections, they are well 

positioned to serve as an advance warning system. Second, 

with their immense purchasing power, they can promote best 

practices for containing resistance, such as better infection 

control and extending the life of existing antibiotics. Third, 

because Medicare is somewhat centrally managed, it can 

coordinate and serve as a laboratory in which to experiment 

with different methods for optimizing antibiotic use. 

   tRaCKing antibiotiCs-ReLateD outComes

Medicare already has the best national database for tracking 

ailments and medical expenditures, the so-called MEDPAR 

File and Physician/Supplier Procedure Summary Master 

File, which contains Part A and Part B claims. Because 

Medicare tracks ailments but not treatment, however, it does 

not currently permit tracking of antibiotic usage. Medicare 

Part D will not fully address this gap because it covers only 

drug prescriptions in the community setting. It therefore 

misses in-hospital drug use. Moreover, because Medicare 

tracks only ailments defined by diagnosis-related groups 

for hospitals and common procedure terminology (CPTs) 

for physicians, and these codes neither identify nosocomial 

infections nor distinguish susceptible from resistant bacterial 
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infections, the program does not currently facilitate tracking 

of resistant infections. 

A natural solution is to create DRG and CPT codes that 

correspond to nosocomial and resistant bacterial infections, 

as well as to the use of antibiotics. The Physician Voluntary 

Reporting Program demonstration is designed to test this 

approach. It requires participating doctors to report not just 

CPT codes when filing claims, but also a “G-code,” which 

will track, for example, whether a patient was eligible for and 

received an antibiotic prophylaxis prior to surgery (CMS 

2006b). However, one must be careful when making the 

Medicare fee structure sensitive to antibiotic-related codes 

lest one generate moral hazard. For example, if nosocomial 

(hospital-acquired) infections are separately compensated, 

hospitals may be less vigilant against these infections because 

they can generate additional payments from Medicare. 

Conversely, if nosocomial (hospital-acquired) infections are 

penalized, then hospitals may be discouraged from diagnosing 

or reporting them.

Several alternative strategies are less likely to be complicated 

by moral hazard in treatment. For example, Medicare 

could add nosocomial and resistant infections, as well as 

antibiotic prescriptions, to QAPI. The problem is that the 

penalty for failing to comply, disallowing participation in 

Medicare, is rather blunt. Another approach would be to 

require contracting QIOs to retrospectively deny payments 

for existing DRGs if they detect, during utilization review, 

that a provider has, for example, employed second-line or 

reserved antibiotics without performing a blood culture or 

without reporting antibiotic use directly to a registry, such 

as the National Nosocomial Infection Surveillance system 

run by the Centers for Disease Control and Prevention. This 

solution is both feasible and reasonable. Its only limitation is 

the frequency with which QIOs conduct utilization review. 

If the frequency is low, the incentive will be weak because 

the penalty for failing utilization review is effectively capped 

at the fee for those patient admissions that are reviewed 

by the QIO. A third option is to extend the National 

Health Information Infrastructure to cover antibiotics-

related outcomes. The main advantage of NHII is that it 

would ensure that reports across hospitals are uniform and 

comparable. The disadvantage of NHII is that it is voluntary. 

As such, it is not much of an improvement over the National 

Nosocomial Infection Surveillance program, which is also 

voluntary and has a very low response rate on antibiotics-

related questions.16 For NHII to make a difference, it must 

either be coupled with greater financial incentives or be 

made mandatory.

   pRomoting best pRaCtiCes

A second task for Medicare is to promote best practices 

for antibiotic use. One category of best practice includes 

activities that resemble fixed costs, such as formulary controls 

to centrally manage antibiotic use. These controls can limit 

use or help cycle antibiotics over patients within a hospital 

to reduce the probability that a resistant infection cannot 

be treated by any antibiotic (Laxminarayan 2001).17 The 

category also includes infection control activities, such as 

active surveillance of all incoming patients, regulations to 

encourage hand washing by hospital staff, and the convenient 

placement of sinks. 

The second category includes patient-specific activities that 

are akin to incremental or marginal costs, such as blood 

cultures for sore throats, coughs, and the like to ensure 

16   Phone conversation with daniel Pollack, health care outcomes 
branch chief, division of health care Quality Promotion, national center 
for infectious diseases, cdc, January 27, 2006.

17   such controls are especially valuable for ear infections, sinusitis, and 
bronchitis—situations where blood cultures cannot usually be obtained. 
lieberman and wootan. (1998) suggest that use guidelines be developed 
by hhs directly rather than by hospitals. although this would economize 
on the costs of developing guidelines and ensure uniformity across 
hospitals, such regulations may be harder for medicare to police. medicare 
could employ Qios to punish violations, but utilization review is costly and 
therefore infrequent.
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that antibiotics are used only when necessary, and shorter 

duration therapies (if they are effective) to reduce the 

probability that bacteria will evolve resistance to antibiotics. 

It also includes vaccinating patients at risk for pneumococcal 

infections to reduce the demand for antibiotics to control 

them. Finally, the category includes judicious use of certain 

catheters (indwelling bladder catheters and central venous 

catheters) that are major risk factors for resistant infections 

(Stosor, Peterson et al. 1998; McHugh and Riley 2004).

The purpose of dividing practices into fixed and incremental 

cost categories is to match practices with incentives and 

methods of financing that are best suited to promote them. 

Practices in the fixed cost category are best encouraged by 

employing Medicare’s “conditions of participation” power (a 

stick) or reimbursing hospitals for capital costs (a carrot). The 

former would deny a provider the privilege of participating 

in Medicare if, for example, it failed to develop formulary 

controls. The latter could finance the installment of sinks 

and the use of rapid diagnostic tests for active surveillance. 

Practices in the incremental cost category are best encouraged 

either by utilization review (a stick) to ensure compliance 

with HHS practice guidelines requiring, for example, more 

blood cultures, or by creating independently billable DRGs 

(a carrot) that explicitly require and reward use of shorter 

duration or combination therapies if they are effective. It is 

particularly important for Medicaid to encourage practices 

in this category by raising compensation for blood cultures 

and more effective methods of using antibiotics. Whereas 

Medicare can encourage hospitals to incur fixed costs that 

also benefit Medicare patients, it cannot do the same for 

incremental costs with respect to low-income, nonelderly 

patients. The problem is that Medicaid reimbursement rates 

are very low and therefore have little power to encourage 

better practices. The remedy is to move to reimbursement 

rates that reflect market prices but that may not be financially 

(or politically) feasible.

The rationale for this matching is that it would be difficult to 

encourage fixed costs with utilization review or DRGs alone. 

It is hard to tell from utilization review of a small number of 

medical cases whether a hospital has failed to adopt formulary 

controls or has simply failed to enforce those controls in the 

sampled cases. Moreover, because the costs of these programs 

depend not so much on the number of Medicare patients or 

how sick these patients are as on simply the size of the facility, it 

would be hard to find a formula for DRG-based fees that would 

neither under- nor overcompensate. Conversely, it would not 

make sense to employ the conditions of participation power to 

encourage more blood cultures. For one thing, Medicare does 

not have an extensive monitoring system to ensure ongoing 

compliance with conditions of participation. For another 

problem, it would not be credible for Medicare to deny a 

hospital all participation in Medicare for failing to comply with 

rules for one specific type of ailment. 

An alternative to creating incentives for specific best practices 

is to reward certain outcomes and let providers choose how to 
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achieve them. For example, Medicare could require reporting 

of bacterial infections, their susceptibility to antibiotics, and 

whether they are community-acquired or nosocomial. If an 

institution falls below acceptable levels or fails to demonstrate 

improvement from baseline in these statistics, Medicare could 

make adjustments in total DRG compensation, much as 

Medicare does to account for capital and labor costs. The 

advantage of this approach is that it encourages hospitals to 

choose the best combination of methods to control susceptible 

and resistant infections. If hospitals have better information 

than CMS about local conditions and if local conditions play 

an important role in controlling infections, then this strategy 

may be more effective than a process-based incentive system. 

A disadvantage, however, is that hospitals and physicians 

might game the outcome-based scheme by trying to avoid 

patients with bacterial infections (Dranove, Kessler et al. 

2003) or by refusing to monitor and report thoroughly the 

rate of nosocomial infections. Moreover, because infectious 

diseases are not confined to institutions, hospitals and nursing 

homes may have externalities on one another (Smith, Levin 

et al. 2005). An incentive scheme that pays or punishes for 

performance only at the target provider will not be able 

to account for these externalities. Even if the scheme did 

account for outcomes at other providers—for example, by 

examining claims from all the Medicare providers that treated 

a Medicare enrollee who was diagnosed with a resistant 

infection—it may be difficult to assign blame and thus 

payoffs among providers. Medicare does not currently have a 

record of each patient’s antibiotic usage. Even if it did, other 

problems would arise. If providers do not also have a patient’s 

complete history of antibiotics usage, it would be difficult 

to determine whether antibiotic use is net beneficial; a 

Medicare incentive could not change that. Finally, if a patient 

does not have a history of antibiotic usage, she may have 

caught the infection from another patient. If this happened 

in the community, Medicare could not assign responsibility 

to any particular provider. One solution is for Medicare to 

simply give bonuses or impose penalties for all providers in a 

geographic vicinity based on prevalence of infection in that 

area. Unless the bonuses or penalties were very high, however, 

such a scheme would give inadequate incentives to control 

antibiotic use because the cost of poor practices would then 

be borne by others. 

   being a LaboRatoRy foR innoVation

A third role for Medicare is experimentation with different 

methods of infection and resistance control. Because Medicare 

is centrally managed, it could ask similarly situated hospitals 

to try different control strategies, pool the information on 

their results, and determine which methods are superior. For 

example, Medicare could request that providers in different 

areas try different formulary management strategies to 

determine which strategy is most likely to reduce the risk 

that resistance develops. It could compare areas that employ 

strategies that require rotation of antibiotics with areas that do 

not to determine whether heterogeneous use of antibiotics 

delays emergence of resistance.18 Such experimentation 

can be authorized using HHS’s existing demonstration 

power. The main challenge for such experiments is that 

prior demonstrations have been voluntary, and voluntary 

participation introduces selection bias into inferences from 

experiments. The difficulty is not that participating providers 

cannot be randomized to different “treatments,” but that 

the providers that volunteer for a demonstration may not 

be representative of nonparticipants. As such, the results of 

experiments may have limited external validity. One solution 

is to ensure that the payment for participation is sufficiently 

large that all providers want to participate—a costly 

proposition. The alternative is to make the demonstration 

mandatory. It is unclear, however, whether HHS has the 

18   this sort of experimentation need not be confined to questions 
concerning antibiotic resistance. and its use to promote resistance control 
can certainly be a model for experimentation relevant to other quality 
control issues.
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power to require participation in a demonstration, let alone 

a demonstration that involves experimentation with, for 

example, different therapies.

Limitations to using medicare and medicaid

Although Medicare and Medicaid, because of their size and 

scope, hold promise as vehicles for improving the control of 

bacterial infections, the programs have limitations. Foremost 

is that, even though the programs are large enough to 

internalize a great deal of the externalities of antibiotic use, it 

is unclear whether they will respond by regulating antibiotic 

use in a manner that minimizes costs. These are government 

programs, not private firms. Their managers are not rewarded 

for the performance or cost-effectiveness of these programs, 

and if the programs fail to hold down costs, they will not 

go out of business. Shortfalls, which are expected even for 

Medicare, are covered by general revenues.19 The most direct 

19   duggan and morton (2004) provide an interesting example of how 
poorly medicaid controls costs and the negative impact this has on 
non-medicaid consumers. medicaid determines the price it pays for a 
drug by the average price for that drug in the private sector. in markets 
where medicaid has a large market share of purchases, drug companies 
have an incentive to increase private sector prices to raise revenue 
from government purchases. consistent with this prediction, duggan 
and morton find that a 10 percent increase in medicaid market share is 
associated with a 10 percent increase in the private market price of a drug, 
holding all else constant. 

evidence of this point is that neither Medicare nor Medicaid 

has thus far made a serious attempt to control the externalities 

of antibiotic use. 

A second concern is that Medicare has certain large gaps 

in its coverage. The most obvious is that it does not include 

non-disabled individuals under the age of 65.  Therefore 

it could not gather data on resistance rates or innovate on 

alternative therapies for this population.  Another gap is its 

exclusion of long-term care at nursing homes. These facilities 

are a significant risk factor for antibiotic resistance because 

residents are often taking antibiotics and they also cycle 

through hospitals, where they often receive antibiotics. Thus, 

nursing homes may be pools for the emergence of resistance 

(Nicolle, Strausbaugh et al. 1996) and may subsequently 

spread resistance to hospitals. Medicaid does cover the cost 

of nursing homes for its enrollees. But unlike Medicare, 

Medicaid is neither centrally managed nor well funded. As 

such it has relatively less bargaining power to impose quality 

controls.

A third problem is that both Medicare and Medicaid are 

complex programs. This should be evident from the text boxes 

that describe the two programs (Box 6.1 and Box 6.2) as well 

as from the above discussion of Medicare’s existing quality 

control programs. It is difficult enough to devise an optimal 

antibiotic control program, given medical uncertainty. Adding 

a high degree of institutional and regulatory complexity 

makes the problem much more challenging. The implication 

is not that there is no solution; there remains a second best to 

be achieved. Rather, the implication is that the gap between 

first and second best may be quite large. 

alternative mechanisms

Medicare and, to a more limited extent, Medicaid offer 

unique instruments to address the problem of resistance, and 

it is prudent to explore their potential. They have limitations, 

neither Medicare nor Medicaid  

has thus far made a serious  

attempt to control the  

externalities of antibiotic use.
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but the extent to which these are disabling is uncertain. It 

may be best to attempt a series of regional but mandatory 

demonstration programs within Medicare to determine 

whether Medicare can make a difference. An important 

component of these efforts is to determine not just the 

efficacy of Medicare initiatives, but also whether failures are 

attributable to limitations in coverage or the nonresponsiveness 

of government agencies to cost incentives. 

If the failures are so attributable, any game plan against 

resistance should consider whether private health insurance 

or the employers purchasing them could be employed to 

control resistance. For example, small employers might 

be allowed to pool their employees and jointly purchase 

insurance to increase the population coverage and thus the 

incentives of private insurance. Moreover, the federal or 

state governments might encourage employers to purchase 

long-term care insurance along with regular short-term 

care health insurance for employees to give employers an 

incentive to choose plans that consider the externalities in 

both long-term care and short-term care facilities. 
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Supply-side strategies for tackling resistance

Anup Malani

this chapter examines how changes in policies oriented toward suppliers of antibiotics, particularly 

drug companies, might be able to control antibiotic resistance. these policies include expansion of 

patent protection, loosening of antitrust restrictions, easing of regulatory hurdles to drug approval, 

and rewards for the discovery of new antibiotics. two important new lessons are, first, that there are 

important trade-offs between demand-side and supply-side policies. Second, solutions must be 

tailored to the level of the externality. For example, if use of one antibiotic generates resistance to 

another antibiotic, not necessarily in the same chemical class, it is important to define or permit a 

single property right to cover both antibiotics.

The purpose of this report is to ask how the U.S. health care 

system might extend the effectiveness of antibiotics. Four 

basic strategies are available. First, limit consumer demand 

for antibiotics. Second, improve the efficiency of existing 

antibiotics. Third, improve the rationing of antibiotics by 

suppliers. Fourth, develop new antibiotics. Previous chapters 

have focused on the first two strategies. This chapter explores 

the last two strategies. 

The goal of the third strategy, rationing, is not to limit 

resistance but to allocate antibiotics to those patients who 

value effective antibiotics the most before resistance renders 

all antibiotics useless. Rationing has a cross-sectional and 

intertemporal component. We want to administer antibiotics 

to individuals who truly need them not only today (e.g., to 

patients with bacterial infections rather than viral infections) 

but also over time (e.g., to patients facing a virulent new 

infectious disease in the future, as opposed to patients 

suffering common bacterial ear infections today). Rationing 

can be pursued with a regulatory approach that employs 

practice guidelines, or with a market approach that provides 

incentives for drug makers to allocate antibiotics to the 
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highest-value users. We will focus on the market incentives; 

chapters that address consumer demand have touched upon 

the regulatory approach, which includes reserving new 

antibiotics as drugs-of-last-resort. 

The fourth strategy, developing new antibiotics, faces two 

hurdles. One is technological: what are the prospects of 

finding a new molecule or method to kill or incapacitate 

pathogenic bacteria? The other is behavioral: how can we 

get researchers and drug companies to work on overcoming 

the technological hurdles to a new antibiotic? Because the 

technological hurdles are beyond the scope of this report—

policy reforms cannot change biology—we focus here on 

behavioral obstacles.

This chapter is organized around combating resistance by 

improving rationing of antibiotics and by encouraging the 

development of new drugs. For each strategy, we discuss the 

various policy levers that could be employed. With respect 

to rationing, the obvious levers are patent law, which grants 

exclusive rights to market a drug, and antitrust law, which 

prohibits collusion in the marketing of a drug. It will be 

shown that these levers address efficient rationing of on-

patent antibiotics but not off-patent antibiotics. To ensure 

proper rationing of the latter, it may be necessary to create 

exclusionary rights over drugs already in the public domain. 

With respect to developing new antibiotics, the main lever 

is patent law because its main goal is to spur innovation. A 

related lever is antitrust law. Patent law uses the carrot of a 

government monopoly to induce investment in research and 

development. Relaxing antitrust law, which cracks down 

on monopolies, might have a similar effect. Another lever 

is direct government support for research. The model could 

be research grants from the National Institutes of Health 

or awards like the X Prize, which seeks to encourage low-

cost, private manned spaceflights.1 Yet another lever is to 

relax Food and Drug Administration (FDA) standards for 

approval of new antibiotics. This would reduce the hurdles 

to marketing a new drug and thus raise the returns to its 

development. Particularly instructive are case studies of the 

Orphan Drug Act2 and the Prescription Drug User Fee Acts,3 

whose goals were to spur new drug development. Before the 

analysis of the two strategies that are the topic of this chapter, 

however, the next two sections provide further background. 

Specifically, they offer guidance on comparing the four basic 

strategies for curbing resistance and discuss trends in the 

supply of new antibiotics.

Choosing among strategies

Ultimately, readers will have to weigh not just the different 

tactics for rationing or improving supply but also the different 

strategies—demand-side and supply-side—for controlling 

resistance. Although the strategies are not mutually exclusive, 

they can undermine one another. For example, if one seeks 

to limit demand for antibiotics or to improve the efficiency 

of existing antibiotics, one is reducing the returns from—and 

thus the incentives for—finding a new antibiotic.4 The reverse 

1   see http://www.xprizefoundation.com/about_us/.

2   see http://www.fda.gov/orphan/oda.htm.

3   these comprise the Prescription drug user fee act (Pdufa) of 1992, 
later continued as Pdufa-ii in 1997 and Pdufa-iii in 2002. see http://
www.fda.gov/oc/pdufa/.

4   see fidler (1998), Philipson, rubin (2004–2005), and mechoulan et 
al. (2006). the institute of medicine’s report on antimicrobial resistance 

Seeking to limit demand for antibiotics 

or to improve the efficiency of existing 

antibiotics reduces the returns from 

finding a new antibiotic.
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is also true: new antibiotics reduce incentives to curb the use 

of or extend the life of existing antibiotics.5

When choosing among strategies, there are two things to 

keep in mind. First, limiting consumer demand for antibiotics 

is a “no pain, no gain” strategy. Controlling the emergence of 

resistant bacteria requires that consumers forgo the benefits 

of antibiotic use. These include improvements in the health of 

the patient and the positive externality of limiting the spread 

of drug-sensitive bacteria. In contrast, strategies that focus 

on the supply of existing and new antibiotics do not require 

this tradeoff. They offer the opportunity to forestall or defeat 

treatable (drug-sensitive) bacterial infections without limiting 

the consumption of antibiotics. 

Second, there may be a way to avoid the conflict between, 

on the one hand, limiting demand or extending the supply 

of existing antibiotics and, on the other hand, generating new 

antibiotics. The standard tool to spur innovation is patent 

law. Patents give drug companies monopolies so that they 

can charge higher prices for new antibiotics. Efforts to curb 

consumer demand or bolster existing antibiotics that compete 

with new antibiotics will limit the prices that even monopoly 

producers of new antibiotics can charge. That, in turn, reduces 

the incentive that patents provide for the development of 

new antibiotics.  A solution is to have the government replace 

private demand with its own demand for new antibiotics. This 

could be done by directly funding research into new antibiotics 

or by offering prizes for new antibiotics. 

acknowledges this in the context of calls for fda to condition approval for 
antibiotics on restriction on use (harrison and lederberg 1998). industry 
sources also blame demand controls for limited supplies (service 2004).

5   a related problem is that development of one new antibiotic reduces 
demand for a second new antibiotic more than in the ordinary case, where 
a new brand of widget reduces demand for existing brands of widgets. 
the reason is that a new antibiotic actually shifts the demand curve for all 
new antibiotics back toward the origin. the shift occurs because the new 
antibiotic lowers the probability of resistance to any given antibiotic. even if 
a bacterium develops resistance to an existing antibiotic, the new antibiotic 
will kill it (ellison and hellerstein 1999).

To appreciate the distinctions among the four strategies for 

tackling resistance, it may be useful to draw an analogy with 

a more familiar problem: dependence on oil. Both oil and 

antibiotics can be thought of as nonrenewable resources. The 

supply of oil is finite, and the same can be said about antibiotics: 

when one uses an antibiotic today,  one may inadvertently 

encourage resistance that limits other people’s use of that 

antibiotic tomorrow.6 A problem with nonrenewable resources is 

the “tragedy of the commons” (Hardin 1968). In the oil context, 

if two individuals can tap the same oil deposit, they will extract 

and sell the oil from that deposit too quickly, since if one does 

not take the oil, the other will. Thus, oil is sold at the marginal 

cost of extraction, not at a price that reflects its limited supply. 

The tragedy of the commons also afflicts antibiotics. If two 

companies can produce the same antibiotic, each will produce 

and sell too many doses today for fear that, otherwise, the other 

company will do so and bacteria will be resistant to the antibiotic 

tomorrow. One solution to both problems is to assign property 

rights (for the oil deposit, for an antibiotic molecule) to just one 

individual or company. The owner of the property right should 

internalize the consequence of finite supply and price oil or the 

antibiotic so as to allocate it to the highest-value users today or 

tomorrow. We elaborate on this connection further below.7 

6   in a previous chapter it is suggested that antibiotic effectiveness may 
be renewable. because resistance has a fitness cost, it may be possible 
to “renew” an antibiotic by not using it for a period. during this period, 
nonresistant strains of bacteria may be reintroduced and, because of the 
fitness costs of resistance, outcompete resistant strains. once nonresistant 
strains eliminate resistant strains, antibiotics will once again be useful. 
nonetheless, there are two reasons to treat antibiotic effectiveness as 
a nonrenewable resource. first, it may take some time for nonresistant 
strains to return. in the short run, therefore, antibiotic effectiveness may 
be presumed finite. second, when resistant strains die out, they may leave 
fragments of their dna, which encode their mechanism for resistance, in 
the host’s bloodstream. when antibiotics are used, nonresistant strains 
may pick up resistance not just from mutations, but also from scavenging 
dna fragments in the bloodstream. as a result, after the renewal period, 
nonresistant strains may acquire resistance much faster than before that 
period. in short, renewal may eke out only a little more antibiotic resistance. 
when the cost of the nonuse period is factored in, the returns to renewal 
may be very limited.

7   a second level at which oil consumption is analogous to antibiotic use 
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Both the common pool problem and the pollution externality 

for oil have led to calls for policy reforms that resemble the 

four strategies for tackling resistance. One is to curb use 

of oil: energy conservation. The most common tactic is a 

gas tax. Another strategy is to extract more energy from or 

limit the pollution emitted from any fixed amount of oil. 

The usual policy levers are corporate average fuel economy 

(CAFE) standards and emissions limits. A third strategy might 

be to ration oil. This strategy has been employed to stop the 

common pool resource problems with oil deposits, but not 

to limit pollution from oil consumption. The last strategy is 

to develop new oil deposits and alternative sources of energy. 

This is implemented via tax breaks for exploration and for 

alternative fuels or technologies that use alternative fuels. The 

way in which policymakers choose among these different 

strategies for combating dependence on oil can guide their 

choice among the strategies for combating resistance.

trends in the supply of new antibiotics

It is difficult to determine the future supply of new antibiotics. 

Statistical evidence suggests that the rate of innovation is 

lagging, yet many analysts blame this lack of innovation on 

the lack of substantial aggregate demand for new antibiotics. 

If demand is the culprit, however, then it is possible that, if 

aggregate demand increases then so might supply. To put it 

in economic terms, all one can identify when one looks at 

trends in investment in or applications for the approval of 

new antibiotics is the intersection of the aggregate demand 

and supply curves for new antibiotics at recent levels of 

demand. One cannot determine what the future supply 

will be, given a change—presumably a large increase—in 

is that both have externalities. an important distinction, however, is that 
whereas oil consumption has a negative externality (pollution), antibiotic 
use has a positive externality (reducing the spread of antibiotic-susceptible 
bacterial infections). (the negative externality from antibiotic use does not 
have a distinct effect from the tragedy of the commons problem that afflicts 
antibiotic use.) 

the aggregate demand for new antibiotics. Innovation may 

accelerate to meet a future increase in demand because of 

the emergence of resistance against older antibiotics.  Perhaps 

this optimism is unwarranted: after all, some analysts suggest 

that innovation takes a long time, perhaps a decade or more 

(Tanouye 1996; Gilcrest 2004).8 But delays in research and 

development are only a concern if future increases in demand 

cannot be predicted.  The problem for policymaking, then, is 

that we do not know the probability with which resistance 

and thus the demand for new antibiotics will unexpectedly 

and dramatically rise. The aim here is not to encourage 

readers to be optimistic about the future, but to acknowledge 

how little we know. With that caveat, let us turn to the data 

we do have.

By most accounts, the rate of innovation in antibiotics slowed 

in the 1980s (Travis 1994). After a series of professional 

conferences that sounded an alarm over resistance and 

highlighted the deceleration of innovation (Science 1994;  

Tanouye 1996), research and development picked up. The 

results, however, have been less than spectacular. Figure 7.1 

graphs the number of new antibacterial agents approved 

in the United States between 1983 and 2005. The decline 

in new approvals has been both consistent and dramatic: 

from 16 in 1983–1987 to 7 in 1998–2002 (Spellberg, 

Powers et al. 2004).9 Since then, only 4 new antibiotics 

have been approved (Bosso 2005). Looking forward, the 

picture is not much more promising. There are only 12 

8   for example, the tufts center for drug development (2001) estimates 
it takes 10 to 15 years to bring a drug from discovery to approval for 
sale in the united states. this estimate is a range for all drugs, not just 
antibiotics.

9   for comparison, note that 225 total new molecular entities were 
approved by fda from 1998 to 2002. thus only 3 percent (7 of 225) 
were antibacterials. to be fair, however, it should be acknowledged that the 
decline in approval of new drugs is not unique to antibiotics. submissions 
of new molecular entities for fda approval fell from nearly 45 in 1996 to 25 
in 2003 (fda 2004, figure 2). moreover, it has been alleged that many of 
the drugs approved in the 1980s and 1990s were not more effective than 
placebos or existing drugs. if one controls for such efficacy, there may be 
no discernible trend in uniquely effective antibiotic approvals. 
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antimicrobial compounds beyond phase 1 studies but not 

yet approved by FDA (Talbot, Bradley et al. 2006, Table 2).10 

Furthermore, only a tiny fraction of new molecular entities 

(NMEs) in drug companies’ publicly disclosed research and 

development programs are antibacterials. Among the world’s 

15 largest pharmaceutical companies, only 5 of 315 NMEs 

are antibacterials. At the 7 largest biotechnology companies, 

only 1 of 81 NMEs is an antibacterial (Spellberg, Powers et al. 

2004).11 Importantly, none of the above molecules specifically 

target Gram-negative bacteria.12 

10   there are also 5 antifungals and 6 antistaphylococcal vaccines or 
immunoglobulins (talbot, bradley et al. 2006, tables 1 and 3).

11   recent reports by the infectious diseases society of america (idsa 
2004; talbot, bradley et al. 2006) offer more detailed information on 
which new antibiotics are being developed for specific bacterial species 
(Acinetobacter baumannii, Aspergillus, esbl-producing Escherichia coli 
and Klebsiella pneumoniae, Pseudomonas aeruginosa, Vre, and mrsa).

12   some antibiotic molecules are wide spectrum. and some antibiotics 
targeted toward gram-positive bacteria can be combined with drugs that 
break down the cell walls of gram-negative bacteria. nevertheless, we are 

What makes matters worse is that few of these NMEs 

employ a novel mechanism of action. This is important 

because a molecule with a novel mechanism may delay 

the time until resistance emerges: the evolutionary adaptive 

response that bacteria must make to a novel mechanism is, 

in probabilistic terms, much more dramatic than that to an 

existing mechanism. A good analogy is how easily a seasoned 

basketball player would adjust to a change in the location 

of the three-point line versus how much he would have 

to change to play a new game, like baseball. Of the 9 new 

antimicrobials approved between 1998 and 2003, only 2 have 

novel mechanisms (Spellberg, Powers et al. 2004, Table 1). 

Of the 12 antimicrobials beyond phase 1 studies but not yet 

approved, only 2 have novel mechanisms (Talbot, Bradley et 

al. 2006, Table 2).

Although this picture is grim, the situation may not be as 

dire as the raw statistics suggest. First, many of the antibiotics 

currently in the research pipeline target MRSA, an important 

health risk (measured in aggregate dollar cost). Indeed, if 

the antibacterial molecules that are currently awaiting FDA 

approval join those recently approved, we may have several 

new options, and MRSA may no longer be considered 

as serious a mortality risk as it is now. Balanced against 

this is the lack of new drug development to address the 

untreatable infections caused by Gram-negative bacteria, 

such as Escherichia coli, Acinetobacter baumannii, Enterobacter, 

Klebsiella pneumoniae, and Pseudomonas aeruginosa.   

Second, antibiotics are an important complement to many 

new medical technologies, including surgical procedures, 

implanted medical devices, and immuno-suppressive drugs 

for cancer.13 A common side effect of these technologies is 

further behind in research on gram-negative strains than on gram-positive 
strains. 

13   antibiotics are also a complement to many existing medical technologies. 
therefore, an important positive externality from improving antibiotic 
efficacy, whether accomplished by reducing use or by developing new 
antibiotics, is to improve the productivity of these medical technologies. 

Figure 7.1
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that they place treated patients at greater risk for bacterial 

infections. As more and more of these technologies emerge, 

there will be more demand for antibiotics, including new 

molecules with activity against resistant bacterial strains. 

This will naturally increase the return to new antibiotic 

development in the future.

Third, there are some promising signs on the scientific 

front, including research on bacteriophages, viruses that 

attack bacteria (Martin 2003). (This class of treatment also 

includes gene therapies that are administered with viruses; 

Cromie 2001.) Commonly used in the former Soviet bloc 

countries, these viruses are only now being developed in 

the West (Box 7.1). A phage-based antibiotic to treat Listeria 

monocytogenes in poultry was granted an experimental use 

permit by the Environmental Protection Agency in June 

2002. But phages targeting human infections are far from 

obtaining FDA approval (Martin 2003). Another promising 

avenue of research is inhibiting the quorum-sensing ability 

of bacteria (Box 7.2). Certain bacteria are capable of sensing 

their own population density so as to optimally time their 

attacks or to set up defenses. If this ability could be thwarted, 

bacteria would be rendered less harmful or more susceptible 

to antibiotics.

Four itemized market factors, industry analysts suggest, are 

responsible for the recent lack of innovation on antimicrobials 

(Spellberg, Powers et al. 2004). The first is the large number 

of existing antibiotics, which are competitors of any new 

antibiotic. More than 100 antimicrobials have already been 

approved in the United States (Bartlett, Auwaerter et al. 

2007). And a majority of bacterial infections are still caused 

by bacteria susceptible to existing antibiotics (Powers 2004). 

Even if a new drug is granted a patent, it will not be able 

to charge supracompetitive prices to recoup research and 

because this externality is probably not fully internalized by those seeking 
to control use of antibiotics or researching new ones, there is likely 
insufficient investment in promoting antibiotic effectiveness.

development costs because of these competitors. (The 

corollary is that when existing antibiotics fail, as in the case of 

MRSA, there is targeted and successful innovation.) Second, 

doctors tend to “reserve” new antibiotics until existing 

antibiotics are rendered ineffective by resistance (see also 

Rubin 2004–2005). Reserving delays the use of antibiotics. 

Even if the delay does not push the new antibiotic into the 

period when the developer’s patent has expired, it will delay 

the date when the drug will begin making profits. Third, a 

related concern among drug companies is that doctors tend 

to avoid new antibiotics because of their high price tags. 

Doctors often have the interest of not just their patients’ 

health but also their (or their payers’) pocketbooks in mind 

when choosing medications. They will choose a lower-priced 

drug if it is nearly equally effective. This too reduces the return 

to companies from development of new antibiotics. Fourth, 

drug companies prefer to focus on treatments for chronic 

diseases, for market reasons. The U.S. population is aging, and 

older people are more likely to have chronic conditions than 

acute infections requiring antibiotics.14 Moreover, patients 

with chronic ailments continually purchase treatment for 

these ailments, providing drug companies a steady source 

of revenue. Effective antibiotics, however, require only one 

course of treatment: patients are not repeat customers for the 

same ailment (see also Service 2004).15 

14   that said, bacterial infections often complicate chronic conditions, 
such as diabetes or hiV (stinson 1996). effective antibiotics can 
therefore be thought of as a useful complement to treatments for chronic 
conditions. 

15   an analogy for the diminished incentive that drug companies have to 
produce antibiotics may be the diminished incentive monopolists have to 
produce truly durable goods. if the monopolist produces a truly durable 
good, present sales compete against future sales. unless the monopolist 
can commit to a future price schedule or rent for its durable product, it 
will not be able to extract supracompetitive profits (coase 1972). this 
analogy has been explored in the context of vaccine production (Kremer 
and snyder 2004; forslid 2006). but one weakness in this analogy is that 
patients cannot delay their consumption of an antibiotic as they can for, 
say, light bulbs. if patients cannot delay consumption, then future sales may 
not compete with existing sales.
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Box 7.1.

Bacteriophages

Bacteriophages, or “bacteria eaters,” were first reported as far back as 1896, but it was not until 1917 that they were identified 

and named by a French Canadian bacteriologist, Felix d’Herelle (Martin 2003). Bacteriophages, or phages for short, are viruses 

that attack bacteria. A phage has a large modular head in which it carry its genes, a tunnellike tail, and long, reedy legs used 

to attach to the bacterium (see image). The phage uses its tail to bore a hole into the bacterium and inject its genes. Once 

inside, the genes force the host into constructing new phages until the bacterium actually bursts apart, releasing hundreds of 

new phages (Radetsky 1996). 

The promise of phages is that they are one of the most abundant life forms on the 

planet and readily available in the environment, and unlike antibiotics, they replicate 

themselves: a patient would not need repeated doses. They also have evolved to 

target specific bacteria, avoiding many of the complications associated with antibiotics, 

such as adverse reactions or the destruction of “good” bacteria, and they can mutate, 

which allows them to genetically evolve with the bacteria, thus reducing the likelihood 

of resistance. This is why d’Herelle proposed that these viruses could function as “our 

friend” and energetically promoted them, and in the ensuing years, phage therapy was 

used extensively around the world. But with the discovery of penicillin in the 1940s, 

research and use in the western world stopped, though it continued in Tbilisi, Georgia, 

at an institute that d’Herelle helped found. During that time, Russian scientists created treatments for everything from dysentery 

to blood poisoning to urinary tract infections, and in at least one case phages have been used as a prophylaxis (Radetsky 1996). 

Yet much of the research from this time period is inaccessible or classified (Braun 2006).

Today, the future of phage technology is being revived in the West; phages are being developed to destroy pathogens that infect 

domestic farm production animals and their environment, including aqua farms, and have also been proposed to fight bacterial 

infections of crops, such as citrus canker (Levin and Bull 2004). However, their greatest promise is human drug development, 

where advances in the biology and genetic understanding of phages (Campbell 2003) and the ability to genetically engineer 

phages (Westwater and Kasman 2003) have biotechnology firms racing to bring phage therapy to market as an alternative or 

supplement to antibiotics. Animal studies have so far proven successful (Bull, Levin et al. 2002), and although FDA has begun 

establishing criteria for the approval process and reviewing applications for physician investigational drug trials, which were 

expected to begin in late 2006 (Sulakvelidze 2006), there are still many questions that surround the efficacy and safety of 

phages. Actual approval of human drugs is still years away (Schoolnik, Summers et al. 2004). 

—Eili Klein
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quoruM sensing

It has long been appreciated that certain groups of bacteria are capable of interacting with each other and their surrounding 

environment through the use of chemical signals. Of particular interest is a specific form of cell-to-cell communication that 

allows bacteria to detect their own population density and express genes based on this, a method termed quorum sensing 

(Fuqua, Winans et al. 1994). Each species has different means of communicating, but in general, the bacteria produce a signal 

molecule that begins to build up in the surrounding environment. Once a specific threshold level is met, the molecule binds to 

and activates a receptor protein on the bacteria. The activated receptor then expresses or inhibits certain genes, which alter 

the bacteria cell and can induce several behaviors, including attacking the host and its production of defense mechanisms 

(Williams 2006). For example, Pseudomonas aeruginosa, a deadly human pathogen, is especially virulent because of its ability 

to secrete toxins, enzymes, and proteins that destroy and degrade human cells. However, the expression of these harmful 

exoproducts does not occur until the density of the bacteria is high (Albus, Pesci et al. 1997). 

The promise of quorum sensing lies in the possibility that infections could be controlled by inhibiting the quorum-sensing 

capabilities of bacteria. Generally, three main avenues of approach have been recognized as points to attack the ability of 

bacteria to communicate: 1) blocking the production of the signal molecule; 2) inactivating or destroying the signal molecules; 

and 3) interfering with the receptor so as to inhibit detection of the signal molecule. Since none of these approaches interfere 

with or directly impede the processes of the bacteria that are essential for growth, they may not produce the harsh conditions 

that lead to selective pressure and resistance, as antibiotics do (Rasmussen and Givskov 2006).

Promising results have been obtained in both degrading the signal molecule and interfering with the signal receptor. In both 

cases, the natural world has provided clues as to how to proceed, since bacteria have been found that produce an enzyme 

that breaks down the signal molecule of other bacteria. And in plant trials, genetic manipulation of colonizing bacteria to 

express this defense was able to prevent the infection of the plant by virulent bacteria. Fungi and plants also produce a 

set of compounds that can inactivate the signal molecule or inhibit the signal receptor. In a promising development, these 

compounds, though not able to completely inhibit the quorum sensing of bacteria, have been able to attenuate the virulence 

of the infections, with pronounced effects on mortality (Rasmussen and Givskov 2006).

Despite the promising laboratory studies, the ability to block quorum sensing and thus control bacterial infections has not 

been established to work effectively in the complex environment of a living organism, and thus it will likely be years before 

effective treatments based on quorum sensing begin to appear. 

—Eili Klein

Box 7.2
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Despite those disincentives for investment in antibiotic 

development, the market for antibiotics appears to be large 

and growing. Anti-infectives (which include antibiotics and 

antivirals) are the third-largest therapeutic area in terms of 

worldwide sales (Bush 2004, Table 4). According to BCC 

Research (2001), the total global market for antibiotics will 

cross $34.5 billion in 2006. The demand for new antibiotics 

in particular will be $7.4 billion and is expected to grow at 

an annual rate of 34 percent (Gray 2004).16 This information 

is not new: even a decade ago, analysts suggested that a 

breakthrough antibiotic could be worth more than $1 billion 

per year in worldwide sales (Tanouye 1996). 

Rationing existing antibiotics

Nonrenewable resources, whether oil or antibiotics, are subject 

to the tragedy of the commons. There are many solutions to the 

tragedy of the commons. Hardin (1968) stressed government 

regulation of consumption. Ellickson (1986) has highlighted 

a role for customs or traditions. But economists starting with 

Gordon (1954) and Coase (1960) have tended to focus on 

market solutions, specifically the use of property rights. If the 

government gives property rights over the oil deposit to one 

person or company, that actor will consider the opportunity cost 

of forgone future extraction and sale when it decides whether to 

extract and sell the oil today—an observation Hotelling made in 

a famous 1931 article on exhaustible resources. The result will be 

an efficient rate of extraction of the oil over time.17 

16   in addition, there are some developmental advantages antibiotics have 
over drugs in other therapeutic classes. it is easier to predict whether they 
will be successful, they have well-defined biomarkers, clinical trials are 
shorter, and because the duration of therapy is shorter, there is less risk of 
side effects (bush 2004; Powers 2004).

17   an important side effect of the property rights approach is that it may 
lead to monopoly pricing if one company is given control over an antibiotic 
and there are no therapeutic substitutes for that antibiotic. the result will be 
inefficiently low overall consumption of antibiotics (even though there will 
be efficient allocation of this limited consumption of the antibiotic over time 
and consumers). if there are antibiotics that are therapeutic substitutes 

Because an oil deposit is attached to surrounding land, 

defining property rights simply requires enforcing rights over 

access to that land. If a deposit overlaps multiple parcels of 

land, the law need merely permit an individual to purchase 

and merge the multiple parcels under her ownership.18 

Antibiotics, however, are not attached to any physical entity 

over which traditional property rights may be assigned. If one 

company produces one pill of a given antibiotic, what stops 

another from producing another pill of the same antibiotic? 

Under the current legal regime in the United States, patent 

law gives the owner of an antibiotic patent the exclusive right 

to produce the drug for sale.19 

   tHe RoLe of patents

Patent law is intended not to solve a commons problem 

but to encourage innovation.20 As a result, there is a poor 

for the antibiotic over which property rights are properly defined, then 
competition among the antibiotics will eliminate the monopoly pricing 
effect. in addition, the owner of the property right may use the monopoly 
rents to engage in more research and development than would occur in the 
case where there are no or incomplete property rights over the antibiotic. 
in that case, there is a dynamic benefit to the monopoly rents that offsets 
some of the costs from inefficiently low overall supply of the antibiotic. 

18   an alternative to pooling the plots under one owner is to craft a 
unitization agreement that pools not the land but the oil revenues from all 
plots. the agreement then allocates these revenues across plot owners 
according to some measure, such as the volume of oil under each plot. this 
revenue sharing discourages the common pool problem by eliminating the 
benefits a plot owner obtains from extracting oil beyond his plot (or share 
of revenues). see Kim and mahoney (2005).

19   see brown and gruben (1997), who argue generically that intellectual 
property rights can help promote preservation of product effectiveness.

20   edmund Kitch (1977) has proposed that patent law is also intended 
to encourage the commercialization of an innovation —that is, investment 
in turning an idea into a usable product and advertising that product for 
sale. these activities, like innovation, are public goods that would not 
be optimally supplied without property rights protection. this “prospect” 
theory of patents intends a related but distinct role for patent law different 
from that discussed in this chapter. Prospect theory focuses on taking an 
innovation from idea to consumption. here we consider using patent law 
to encourage the owner of an innovation, even after commercialization, 
to ration production so as to account for intertemporal consumption 
externalities. for antibiotics, which are like nonrenewable resources, 
the externality is that one person’s consumption reduces the efficacy of 
another person’s consumption.
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fit between the current structure of patent law and the sort 

of structure necessary to avoid the commons problem with 

antibiotic use. For one thing, patents have limited duration. In 

nominal terms it is 20 years. Given the legal requirement and 

the time necessary to obtain FDA approval before marketing 

a new drug, the effective duration of a patent may be much 

less. One solution, proposed by Kades (2005), is to give 

patents over antibiotics an effectively infinite duration. 

But that leaves a second issue: resistance externalities across 

patentable antibiotics. To analyze this issue, it is helpful to 

categorize antibiotics into groups not as they are currently done 

(by chemical classes, such as macrolides or fluoroquinolones) 

but based on the extent to which they trigger resistance that is 

also effective against other antibiotics. For clarity we shall call 

groups of antibiotics based on this categorization “functional 

(resistance) groups” or simply groups. A detailed description 

of the categorization may be found in Box 2.1, in Chapter 2. 

This categorization is useful because two antibiotics within a 

functional group are more likely to have negative resistance 

externalities on each other, even though they may belong 

to different chemical classes.21 Patent law, however, may 

assign distinct patents to two different antibiotics within any 

one functional group. For example, Pfizer has a patent over 

extended-release azithromycin (Zithromax), and Abbott has 

a patent over extended-release clarithromycin (Biaxin XL). 

Both happen to be members of the macrolide chemical 

class of antibiotics. This means that even though sales of 

Zithromax by Pfizer may reduce the efficacy of Biaxin XL 

by Abbott, Pfizer and Abbott have exclusive use of their 

respective antibiotics.22 One solution is for Pfizer to sell its 

patent rights over Zithromax to Abbott, or vice versa. But 

that may raise antitrust problems, which we address later in 

this chapter.23 Another solution is to define patent rights not 

over any specific antibiotic but over all antibiotics within a 

functional resistance group (Laxminarayan 2001).24

21   in truth, any antibiotic can have a resistance externality on any other. 
however, the probability or seriousness of the externality rises when the 
two antibiotics share the same mechanism of action. in other words, the 
resistance externality across antibiotics is more severe within functional 
resistance groups, as we have defined them, than across these groups. 
we focus only on controlling externalities within groups because property 
rights also convey monopoly powers, and greater monopoly power 
generates potentially greater deadweight loss due to pricing. within 
groups, the resistance externality may be significant enough to justify 
creating property rights over the entire group despite the monopoly 
risks. across groups, however, the danger from externalities is not severe 
enough to warrant incurring the monopoly costs from creating a single 
property right over all antibiotics.

22   it is not obvious that the externality will always be negative. if two 
companies each develop an antibiotic within the same functional group, 
but the second is designed to overcome resistance to the first, greater 
production of the first antibiotic will increase demand for the second 
antibiotic. whether the externality is positive or negative, however, defining 
property rights over the group will yield a more optimal level of rationing. 

23   an advantage that patent pools have over defining broader patent 
rights is that the composition of the pools can change over time. this is 
valuable because the composition of functional resistance groups may 
change over time as bacteria develop new mechanisms for resisting an 
antibiotic. these new mechanisms may not work against certain other 
members of the same, preexisting functional group, and it may work against 
antibiotics not in the current group. we suspect that private licensing 
arrangements will be more flexible and responsive to these evolutionary 
adjustments than government allocations of patent rights.

24   a useful consequence—though one that does not motivate our 
proposal—of extending patent length and width would be to encourage 
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Even that is an incomplete solution, however, because many 

groups of antibiotics already exist that have either member 

antibiotics without patent protection or different member 

antibiotics whose patents are held by different companies. If 

a functional resistance group contains an antibiotic without 

patent protection, anyone can produce it. There is no way 

to stop the externalities from that production. If a group 

contains multiple patents held by different companies, again, 

some entity has to buy up all the patents in the group, raising 

antitrust problems. 

A solution to the off-patent problem could be the creation of 

a sui generis (“of its own kind”) right. Such a right may borrow 

some of the features of a right granted under patent law but 

does not have a basis in patent law or draw authority from the 

intellectual property clause in the U.S. Constitution.25 A sui 

generis right must be adopted by Congress and may be justified 

by reliance on some other enumerated power of Congress, 

such as that granted in the commerce clause (Nachbar 

2004). Sui generis rights are typically proposed to fill gaps in 

existing systems of rights. These rights have been proposed 

and occasionally adopted to protect semiconductor designs, 

databases, and biodiversity. To address the off-patent problem, 

a sui generis right over an off-patent antibiotic would borrow 

from patent law the feature that only the holder could produce 

the covered antibiotic.26 For the reasons given above, the right 

should be perpetual, and the rights over all off-patent antibiotics 

from a given functional resistance group of antibiotics should 

be assigned to the same company or individual. (Different 

groups of off-patent antibiotics, however, could be assigned to 

different companies or individuals.) 

innovation in antibacterials. but for reasons given later, the effect on 
innovation may not be very large.

25   art. i, sec. 8 reads, in part, “the congress shall have Power... to 
promote the Progress of science and useful arts, by securing for limited 
times to authors and inventors the exclusive right to their respective 
writings and discoveries.”

26   what we are proposing, in other words, is a right over a currently open-
access resource, viz. off-patent drugs.

The difficult question raised by a sui generis right over 

off-patent antibiotics concerns to whom the right should 

be assigned. The only recent example in which the U.S. 

government has granted a monopoly over an off-patent 

technology is the Orphan Drug Act (21 U.S.C. §§ 360aa–ee), 

which grants a seven-year period of marketing exclusivity 

(§360cc) for any drug, whether on patent or off, that can be 

used to treat an ailment that affects 200,000 or fewer persons 

(§360bb(a)(2)). That statute assigns the monopoly right to 

the company that demonstrates the efficacy of the drug for 

the rare disease. This is not possible with a sui generis right 

over off-patent antibiotics because anyone can demonstrate 

the efficacy of each antibiotic for an array of ailments. One 

solution may be to simply hold an auction over rights to 

production. An analogy would be the 1993 amendments to 

the Telecommunications Act of 1934 (47 U. S. C. §309(j)(1)), 

which, along with Federal Communications Commission 

regulations (e.g., In re-implementation of Section 309(j) 

of the Communications Act—Competitive Bidding, 9 

FCC Rcd. 2348, ¶¶54, 68 (1994)), authorized the auction 

of radio spectrum to the highest bidders. An advantage of 

this approach would be that the government could extract 

any supracompetitive rents that the sui generis right might 

generate. Whatever the method chosen to assign sui generis 

rights over off-patent antibiotics, companies that currently 

produce generic versions of covered antibiotics may protest 

the closing of their business. They are unlikely to prevail 

in court, however, because it has long been settled that the 

government needs only to provide a “rational basis” to be 

allowed by courts to grant an exclusive right over off-patent 

technology (Evans v. Jordan 1813; Epstein 2002, 142). In this 

case, the possibility that sui generis rights may help control 

resistance externalities is that basis. Courts are therefore likely 

to side with the government and reject the complaints of 

generics manufacturers.

Even if broader and longer patents can handle externalities 

across future antibiotics and analogous sui generis rights can 
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handle externalities across off-patent antibiotics, how is one 

to address resistance across antibiotics that are currently 

on patent? These patents could be revoked, and whatever 

exclusive production and marketing rights they included 

could be bundled into sui generis rights or any future grant 

of broad antibiotic group patents. Because current patent 

holders have a property interest in their patented technology, 

however, the government would have to compensate the 

patent holders for their lost profits under the takings clause 

of the Fifth Amendment. If the government raised enough 

money by auctioning off sui generis rights, it might be able to 

afford this compensation. But given that off-patent antibiotics 

are much more likely to already suffer from resistance, 

those auctions are unlikely to raise sufficient revenue. A 

second problem is that revoking a legitimate patent is an 

unprecedented act and therefore may not be politically 

feasible. An alternative solution is to rely on patent holders 

within a functional group to sell their patents to a single 

company. Again, antitrust law may get in the way. Moreover, 

depending on one’s faith in the market, one might have more 

or less confidence that private actors would consolidate all 

patents within a group (and only within a group).

Imagine if one were to overcome those hurdles. Table 

7.1 summarizes policy proposals for addressing resistance 

externalities across hypothetical antibiotics by three types 

of patent status. Yet what are we to do about resistance 

externalities across antibiotics of different patent statuses? The 

answer is the same as in the previous paragraph. Extending 

either sui generis rights or future patents over all antibiotics 

regardless of patent status would entail a takings that would 

require just compensation. The alternative is to rely on 

licensing agreements that consolidate rights over all antibiotics 

from a functional resistance group, regardless of patent status, 

in one company (last row of Table 7.1). Consolidation, 

however, raises antitrust questions, to which we now turn.

   tHe antitRust issue

Ideally, under the “rule of reason” in U.S. antitrust cases, 

evaluation of the consolidation of all antibiotics within a 

functional group in one company should depend only on 

the net effect on efficiency. Simply put, the consolidation 

would have to meet only two conditions to pass scrutiny. 

First, it would have to promote economic efficiency. That 

is, consolidation must have some social benefit and not just 

redistribute wealth to producers. The resistance externalities 

should satisfy this condition. Second, the company must not 

have sufficient market power to raise the average market 

price of the antibiotic group. (It could raise the current price 

but lower the future price by implicitly shifting supply from 

current consumers to future consumers through rationing, 

but it could not raise the average for a dose across time.) The 

purpose of this condition is to ensure that the consolidation 

is used only to promote efficiency and not to generate 

supracompetitive rents. Although it is difficult to determine 

the effect of consolidation on market price, an indirect 

measure is to determine the effect that consolidation has on 
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the market share of the relevant group of antibiotics. A court 

might define the market narrowly to include only a specific 

ailment, such as staph infections, or broadly to include an 

array of bacteria. Regardless, there are two questions: how 

many other groups of antibiotics compete in that market, 

and what is the market share of the defendant’s group? If the 

implied Herfindahl-Hirschman Index over market shares 

for competing functional groups is sufficiently low,27 then 

the second condition will be met. To summarize, if one 

functional group of antibiotics competes with a sufficient 

number of other such groups of antibiotics, consolidation 

will be allowed. (If markets are defined narrowly, this analysis 

will be repeated for each relevant bacterial infection. If, on 

balance, the efficiencies from managing resistance outweigh 

the inefficiencies from market concentration across markets, 

the consolidation should be permitted.) If this condition 

is not met, the consolidation will be prosecuted as either a 

contract in restraint of trade under Section 1 of the Sherman 

Act, 15 U.S.C. §1, or as an attempt to monopolize under 

27   the herfindahl-hirschman index (hhi) is the sum of squared market 
shares of functional groups. here, market shares are defined by bacterial 
infection and context (outpatient, inpatient, surgical site, lung, blood, 
etc.), not antibiotic or antibiotic group. the minimum hhi is zero, and the 
maximum is one. the higher the hhi, the higher the degree of market 
concentration and thus market power.

Section 2 of that act. It is less than obvious that the efficiencies 

will favor consolidation. But if they do not, perhaps it is not 

worth controlling resistance in the first place (at least through 

consolidation). 

Unfortunately,  consolidation of patents might not be evaluated 

under the rule of reason. Courts might not understand the 

resistance externality, be able to analyze the bacterial markets 

in which antibiotics compete, or trust private firms with 

rationing to control resistance. Worse, instead of analogizing 

to the case of vertical arrangements between complementary 

products (complementary because of the externalities), the 

courts might analogize to the case of horizontal arrangements 

(horizontal because antibiotics within a functional group may 

compete with one another). More precisely, courts might 

rule that patent holders’ selling all patents to one company 

accomplishes the same result as patent holders’ simply 

colluding to set prices or divide markets for their patents. 

Continuing the logic, because collusion is per se illegal under 

U.S. v. Socony-Vacuum Oil Co. (1940), so is consolidation. 

What is the implication? Because the rule of reason may 

not apply to—let alone protect—consolidation, it would 

likely be necessary for Congress to carve an exception to 

antitrust enforcement against consolidation of antibiotic 

table 7.1     policy solutions to resistance eXternalities

PATenT STATUS
HyPoTHeTicAl AnTibioTicS FRoM A g iVen FUncTionAl  
ReSiSTAnce gRoUP oF AnTibioTicS

HoRizonTAl SolUTion

off-patent antibiotic Antibiotic 1, Company A Antibiotic 2, Company B
Perpetual sui generis right over both antibiotics 
auctioned to one company

currently patented antibiotic Antibiotic 3, Company C Antibiotic 4, Company D
Antitrust exemption to allow sale of both 
antibiotics to one company

Future antibiotic Antibiotic 5, Company E Antibiotic 6, Company F
Broader, perpetual patent right covering entire 
group of new antibiotics

Vertical solution Antitrust exemption to allow sale of sui generis and patent rights to one company 
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patents within a functional resistance group. Models for 

the exemption include those for agricultural cooperatives 

(Capper-Volstead Agricultural Producers’ Associations Act, 

7 U.S.C. §§ 291–292), unions (Section 6, Clayton Act, 15 

U.S.C. § 17), or certain joint operations among newspapers 

(Newspaper Preservation Act of 1970, 15 U.S.C. §§ 1801–

1804). The downside is that, whether the decision is to usurp 

existing patent rights and pay compensation or to allow 

private, voluntary consolidation of patents, congressional 

authorization—no small hurdle—will be required. 

Before turning to the strategy of stimulating the supply of 

new antibiotics, consider two more caveats to the strategy 

of rationing by assigning property rights over functional 

resistance groups rather than individual antibiotics. One 

heretofore ignored complication is health insurance. Private 

rationing is implemented through pricing. If the owner 

of an antibiotic group wants to reserve an antibiotic for a 

future use, then it sets the current price to a level, adjusted 

for the time value of money, that it thinks a future consumer 

would pay for that antibiotic. Any patients who value current 

consumption more than that level will be able to purchase a 

dose from the class. But if patients have health insurance, they 

may be insensitive to price and consume a dose today even 

though they do not value it at the price that the owner of 

the group has set. Thus health insurance may defeat private 

rationing via the price mechanism.28 Another complication is 

that resistant bacteria travel across borders. Even if the United 

States were to restructure its property rights and antitrust 

laws to control resistance externalities across antibiotics, 

resistant bacterial strains may develop outside our borders in 

countries that have not acted to address these externalities. 

Those strains may spread to the United States via air travelers 

or commercial shippers. This would reduce the return to 

our own efforts at controlling resistance externalities. One 

solution is to seek to harmonize, by treaty, the property right 

and antitrust rules governing antibiotics across countries. This 

is no small task, but it may be an essential complement to the 

policy proposals developed in this section. 

stimulating new antibiotics

   patent options

An alternative to rationing existing antibiotics is to create 

new antibiotics, especially those that have novel mechanisms 

of action and thus constitute new functional groups of 

antibiotics. The primary mechanism to encourage such 

28   that said, health insurance companies may have their own reasons 
and tools to control resistance. we explored these in chapter 6. 
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innovation is patent law. Patent law gives the patent holder the 

right to bar other entities from producing for consumption 

or marketing a patented antibiotic. At a minimum, this right 

prevents other entities from free-riding on a company’s 

innovation. In other words, it allows a company to internalize 

the benefits of its investment in research and development. 

Internalization, however, generates investment only in 

proportion to the market power a patent holder possesses. 

If two patented antibiotics equally treat the same ailment, 

however, neither patent holder will be able to capture much 

in the way of supracompetitive profits. But it is these profits 

that motivate (and fund) investment in innovation. Thus 

patent law will do little to spur innovation where there are 

“dueling patents.” Nor will a patent create much incentive to 

develop new antibiotics where that antibiotic has to compete 

with existing, off-patent antibiotics. Unfortunately, there 

are currently numerous on- and off-patent antibiotics to 

compete with almost any new antibiotics.

So the question becomes, is there any way to generate market 

power so as to stimulate investment through patent law? For 

obvious reasons, extending the length or breadth of new 

patents will do little. A new patent, however encompassing, 

must still compete with existing products. A more promising 

approach, suggested by the discussion in the previous section, 

would be to grant new antibiotic patent holders an antitrust 

exemption that would allow them to exclusively license 

competing antibiotics, regardless of the functional group of 

antibiotic. With this right, a new patent holder could create a 

monopoly through merger. 

Another approach, recommended by the Infectious Diseases 

Society of America (IDSA 2004), is to grant a wildcard 

patent extension to a new antibiotic patent holder. Such 

an extension would allow the holder to extend for a given 

number of years the duration of its patent on any one other 

drug in its portfolio. So, for example, if Pfizer developed 

a new antibiotic, it would be able to extend its patent on 

a blockbuster drug such as Lipitor by a number of years. 

Presumably, this extension would give Pfizer the incentive to 

invest in antibiotic research an amount up to the additional 

profit the company might anticipate from extended sales 

of Lipitor without generic competition.29 Such a wildcard 

extension was included in an early version of the Bioshield 

II bill (S. 975) proposed by Senators Joseph Lieberman and 

Orrin Hatch in April 2005. That extension would have 

granted any company that developed a countermeasure to a 

biological weapon a two-year extension on a patent over any 

other drug in its portfolio (Divis 2005). If the company had 

no blockbuster drugs in its portfolio, it could sell its wildcard 

extension to any other company. This would give every 

company an incentive to develop a new antibiotic that is as 

great as the value of the wildcard to, for example, Pfizer, since 

any company could sell its extension to Pfizer. 

The cost of either approach—an antitrust exemption or 

a wildcard extension—is that using monopoly profits to 

induce innovation has a high cost in terms of deadweight loss 

on consumers. Because monopolists price above marginal 

cost (and even above average cost), individual consumers 

are denied consumption when the drug’s actual cost is 

less than their willingness to pay. This lost opportunity is 

the loss of economic efficiency or deadweight loss. The 

more elastic consumer demand is for antibiotics (with the 

antitrust exemption) or for a company’s blockbuster drug 

(with the wildcard patent extension), the greater the loss. In 

political markets, a proxy for this loss—at least in the case 

of a wildcard patent extension—is opposition from generic 

29   an important concern with the wildcard extension, especially if it 
is tradable, is that it may give too much incentive for innovation. the 
investment in innovation would be as large as the additional rents from the 
extension, an amount that could run into many billions of dollars in the case 
of tradable extensions. although antibiotic resistance has serious human 
costs, the current and anticipated loss in life may not be worth such a large 
investment. to put it another way, the investment may be better spent on 
other health concerns, such as heart disease or hiV. since resources are 
limited, allocation of resources to combat resistant bacteria on the margin 
takes away from resources that could be allocated to other ailments.
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drug companies. Not surprisingly, they were vocal in their 

opposition to Bioshield II.  At first they obtained a bar on 

the sale of the wildcard extension (actually a bar to the 

acquisition of a company with a wildcard extension) (Divis 

2005). They later quashed even the nontradable wildcard 

extension proposal altogether when the Lieberman-Hatch 

bill was replaced by an otherwise identical bill (originally  

S. 1873, S. 2564 as reintroduced on April 9, 2006) from 

Senator Richard Burr that omitted the wildcard extension 

(FDA Week 2005; Phillips 2005).  

   goVeRnment RewaRDs

An alternative to using the carrot of monopoly profits to 

induce innovation is to employ government research subsidies, 

tax breaks, or prizes.30 The argument for this approach is not 

that it avoids monopoly pricing of a new antibiotic,31 but 

rather that it works when there are no monopoly profits 

to be extracted with a new antibiotic patent. This might be 

the case when one also employs demand-side strategies to 

control antibiotic use. In other words, if one wants to curb 

antibiotic use and at the same time spur innovation, subsidies, 

30   for general reviews comparing rewards rather than monopoly 
rights to encourage innovation, see shavell and ypersele (2001) and 
abramowicz (2003).

31   Kremer (1998) has proposed a novel alternative to the traditional 
patent system that addresses the problem of monopoly pricing. under his 
patent buyout scheme, the government would award patents to investors 
and then auction off the patent to the highest bidder. the purpose of the 
auction is to induce an accurate private valuation of the profit stream that 
a patent is worth. for most patents, the government would match the 
highest bidder’s price and sell the patented technology at marginal cost. 
for the remainder, the government would sell the patent to the private 
winner of the auction. (the purpose is to induce bidders to take the 
auction seriously.) there are two difficulties with applying this scheme to 
antibiotics. first, it solves only the monopoly pricing problem. it does not 
solve the incentive problem where there are competing antibiotics and 
thus meager profits from the patent. second, the subset of patents that 
are actually sold to the highest private bidders has to be random. if it were 
predictable, then bidders would not take seriously auctions for patents 
the government ultimately intended to purchase. if the government 
intended to purchase all antibiotic patents, then it would not be able to 
value those patents accurately and thus induce optimal investment in the 
research behind them. 

tax breaks, and prizes are the solution. Antitrust exemptions 

and wildcard patents might also spur innovation in these 

circumstances, but they do so at the cost of monopoly pricing 

outside the scope of the antibiotic that is patented.32 

Research subsidies would presumably be allocated through 

the National Institutes of Health (NIH). Tax breaks—

specifically, a tax credit for expenditures on research on 

antibiotics—would be administered by IRS. Either NIH 

or FDA could assume the job of administering rewards for 

developing new antibiotics. NIH already judges scientific 

merit, but it currently does this for noncommercial products 

and early in the development pipeline. FDA is better situated 

to conduct ex post evaluations of drugs but does not have the 

capacity to hand out large sums of money.33

32   of course, one must balance the deadweight loss from monopoly 
pricing under an antitrust exemption or patents with the inefficiencies from 
taxation, which is necessary to fund any research subsidy or prize.

33   more recently, glennerster and Kremer (2000) proposed “purchase 
precommitments” to spur innovation. specifically, the government would 
commit to purchasing a fixed (large) quantity of a product at a fixed price to 
induce the development of that product. this concept is very similar to an 
award except that the government would reduce the monopoly pricing costs 
of an award by reselling the units it purchased at marginal cost. therefore, 

either niH or FDA could assume the job 

of administering rewards for developing 

new antibiotics. niH already judges 

scientific merit, but it currently does 

this for noncommercial products and 

early in the development pipeline.
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One drawback to a subsidy, as opposed to an award, is that 

the government must identify the recipient company before 

it develops a new antibiotic and risk the possibility that the 

effort fails. If the government is not very good at picking 

winners, the cost may be large. An award, however, must be 

larger than a subsidy to induce any given level of investment 

because the award requires competing companies to bear 

the risk of failure. Ordinarily, one might assume that the 

government is quite good at bearing risk. But in this case 

the loss is not a financial one borne by all taxpayers—as 

in the case of the Federal Deposit Insurance Corporation 

or the Pension Benefit Guaranty Corporation—but a lost 

health opportunity borne by patients with resistant bacterial 

infections. Because patients are not particularly suited to 

bearing this risk, it may be that a large award is warranted. 

Tax breaks can be structured to behave like a subsidy (e.g., a 

tax credit for all research expenses) or like an award (e.g., a 

credit for a clinical trial or marketing expenses). Hence, the 

choice between subsidies or an award and tax breaks will 

depend on the structure of the tax break.34 

another way to view the purchase commitment is either as an award that 
requires the winning firm to release its product to the public domain or as an 
award coupled with a purchase subsidy (lichtman 1997). 

34   an interesting but unexplored option is a variant of an award that 
has some of the reduced-risk properties of a subsidy: a minimum-return 
guarantee. such a policy would give developers of a new antibiotic not an 
unconditional award but a payment if and only if the return on investment 
in the new antibiotic failed to reach competitive levels. if the returns did, 
then no payment would be made. (if each new antibiotic is guaranteed 
this competitive return, only the costs of developing that specific antibiotic 
may be used to calculate a competitive return for the antibiotic. if each new 
functional group of antibiotic is guaranteed a competitive return, then only 
the costs of research on all new antibiotics should be used to calculate a 
competitive return. no cross-subsidization of failed nonantibiotic drugs is 
necessary to encourage investment in antibiotics.) one unique advantage 
of this minimum-return guarantee is that taxpayers pay not for the full value 
of a new antibiotic, but only to the extent of the market’s failure to properly 
value that antibiotic. one problem with the scheme, however, is that it 
may be difficult to calculate the return that a drug company obtains from a 
new antibiotic. this is related to the problem with rate regulation of public 
utilities, such as telephone companies. regulated companies had an 
incentive to exaggerate their costs to raise rates. drug companies would 
have the same incentive to trigger the minimum-return guarantee.

   maRKeting

So far this chapter has focused on the development of a new 

antibiotic. But generating profit from innovation requires not 

just research but also marketing. The main requirement for 

marketing is FDA approval. FDA requires that a new drug be 

both safe and effective (relative to a placebo). This requires 

three phases of trials. The cost of trials has been estimated 

to be roughly $125 million per drug (DiMasi, Hansen et al. 

2003). Taking into account the time value of money and other 

indirect expenses, the overall costs of drug approval have been 

estimated to be as high as $231 million (Ward 1992).35 These 

costs may be a significant hurdle to the marketing of a new 

antibiotic, and thus to its development. One solution may be 

to lower the requirement for approval of a drug or to speed 

approval of new drugs. The latter tactic was implemented 

35   if one takes into account the cross-subsidization of drugs that fail to 
get approval, the cost may be as high as $800 million (Powers 2004). 
in addition, rubin (2004–2005) suggests that fda appears (perhaps 
inadvertently) to have a lower standard for withdrawing approval for 
antibiotics because of adverse events.
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in the Prescription Drug User Fee Acts of 1997 and 2002.36 

These acts required FDA to speed up its process of reviewing 

drugs and taxed drug applicants to finance the quicker review. 

The result was a reduction in the time required for review by 

3 to 7 percent per year (Berndt, Gottschalk et al. 2006). Critics 

were concerned that the rapid review came at the cost of 

safety. Philipson, Berndt et al. (2005) examined this question 

and estimated that the net effect was a gain for consumers: 

faster approval saved 180,000 to 310,000 life-years whereas 

lower implicit safety standards cost at most 56,000 life-years. 

More importantly for our purposes, the authors estimated 

that the Prescription Drug User Fee Acts raised the private 

returns of producers, and thus incentives for innovation, by 

$11 billion to $13 billion. Although a similar strategy might 

be recommended for antibiotics, it is unclear whether review 

times could be significantly reduced beyond levels achieved 

by the legislation, which already applies to antibiotics.

Another solution could be tax breaks for the cost of obtaining 

FDA approval. A precedent is the Orphan Drug Act, which, in 

addition to granting seven years of marketing exclusivity for 

developers of drugs for rare ailments, also grants developers 

a credit toward taxes owed equal to 50 percent of clinical 

testing costs (26 U.S.C. §44(H)). Companies could petition 

FDA to classify new antibiotics as orphan drugs because, given 

the practice of reserving new antibiotics for patients with 

multidrug-resistant infections, fewer than 200,000 persons 

36   a related idea, based on a proposal by grabowski (2003), is to allow 
companies to get wildcard review priority from fda in return for developing 
new antibiotics. the average time taken by fda to review a nonpriority 
drug is 18 months; the average time for a priority drug is just 6 months. 
grabowski, Vernon et al. (2002) estimate that the value of this incentive is 
approximately $100 million to $300 million.

have a condition for which the drug would be employed. 

Alternatively, Congress could explicitly extend the act to 

cover all new antibiotics or adopt an analogous act exclusively 

for antibiotics. (The Infectious Diseases Society of America 

has already proposed legislative language toward this end as 

a modification to the Burr bill.) Depending on the level of 

innovation desired, Congress could raise the level of the tax 

credit for clinical testing costs. Research by Lichtenberg and 

Waldfogel (2003) suggests that the Orphan Drug Act has 

been relatively successful.37 The percentage of individuals 

dying young from rare illnesses fell 6 percent between 1979 

and 1998. During the same period, the percentage dying 

young from more common diseases fell only 2 percent. Thus 

the act may be credited with a 4 percent reduction in rare 

disease mortality.38 

37   for a less optimistic view, see rohde (2000).

38   space constraints preclude discussion of all policy options for 
improving the supply of antibiotics, including some creative tactics. for 
example, because investment in the development of new antibiotics 
is discouraged by doctors’ practice of preferring cheap generics and 
reserving new antibiotics, an intuitive approach would be formulary controls 
that do the opposite—reserve generic antibiotics. this would artificially 
generate demand for and thus investment in new antibiotics. there are 
downsides that make this option unrealistic. first, costs to patients will rise. 
these costs are unlikely to be proportional to the resistance externalities 
that individual use of antibiotics generates. conventional economic 
thought holds that incentives to discourage externalities should be 
proportional to the externality so as not to discourage net beneficial activity. 
second, reserving generics will trigger strong opposition from generics 
manufacturers. in part, this will reflect the first downside. but almost as 
importantly, it makes this option less politically feasible. 

another approach would be to develop or subsidize diagnostic tests that 
identify resistant infections. such tests would make it easier to identify 
subjects for clinical trials of new antibiotics and thus reduce the costs of 
obtaining marketing approval from fda. a risk, however, is that diagnostic 
tests will also limit use of antibiotics once approved. doctors may use the 
tests to avoid giving new antibiotics to patients without resistant infections. 
this will reduce the returns from developing new antibiotics.
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conclusion

The purpose of this chapter was to review the theoretical costs and benefits of the different policy options to encourage 

pharmaceutical companies to better ration of existing antibiotics and develop new antibiotics.  A fundamental question that 

needs to be addressed in order to move forward with any particular policy, however, is to what extent each policy will actually 

encourage rationing or promote development.  Because no answer is currently available, this chapter closes with three basic 

research priorities:  

1. to what extent will expanding the length and breadth of property rights (directly by the government or via 
collusive private contracts) encourage drug companies to reduce antibiotic sales?  

2. Which policy(ies) would have the greatest impact on encouraging the development of new antibiotics?

3. What level of investment in research is required to discover a new antibiotic, especially one that uses  
a novel mechanism of action?    
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When you want to cook a frog, they say, don’t throw it into boiling water—it will only jump out. 

Instead, place the frog in tepid water and, ever so slowly, increase the heat.

Much like the frog that is unaware that it is being cooked, our reaction to the antibiotic resistance 

problem has been to wait for a crisis before responding—but the frequency of resistance has been 

increasing slowly and steadily. When resistance reaches crisis levels, it may be too late. Meanwhile, 

thousands of people continue to die or suffer from a cause that does not show up on any death 

certificate. A crisis need not be a sudden, uncontrollable outbreak of a resistant pathogen. Many 

believe that the emergence and spread of deadly infections like community-acquired MrSA already 

constitutes a crisis. Perhaps we will see drug-resistant pneumonia and MrSA in large numbers of 

patients afflicted with avian influenza, or perhaps the prevalence of Clostridium difficile, which by itself is 

not a drug-resistant pathogen but whose survival and proliferation have been facilitated by widespread 

antibiotic use, will reach epidemic proportions. Many deaths during the influenza epidemic of 1918 are 

thought to have been caused by untreatable bacterial infections—bacterial pneumonia, and not just 

pneumonia caused by streptococci but also staphylococcus-associated pneumonia. the combination 

of today’s highly virulent MrSA with an outbreak of avian flu could have devastating consequences.
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It is perplexing why so little attention is paid to finding 

solutions to the antibiotic resistance problem when it has 

such catastrophic potential. One is reminded of the years 

of neglect that led to the failure of the levees and the 

destruction of New Orleans during Hurricane Katrina. Even 

if policymakers are not motivated to act in preparation for 

such a medical eventuality, a more immediate concern—the 

increasing costs of health care and the consequent difficulty 

of bringing large numbers of uninsured people under the 

umbrella of pooled-risk financing—may spur action.

Regardless of when policy action is forthcoming, policymakers 

will need a playbook of carefully considered ideas. Our 

objective in writing this report has been to sketch the 

outlines of such a playbook, notwithstanding that more basic 

science and policy research may be needed on some of the 

ideas. A summary of policy actions, their pros and cons, and 

the actors involved is presented in Table 8.1. 

This report has outlined a plan to change incentives to address 

antibiotic resistance in health care, not just in the immediate 

term (such as by changing Medicare reimbursement rules, 

subsidizing hospital infection control and diagnostics, or 

imposing stricter state standards for reporting hospital 

infections) but also in the longer term, to ensure a sustainable 

and affordable supply of antibiotics into the foreseeable future. 

After all, new drugs take at least 10 to 15 years to develop, and 

policies changing how antibiotics are used will take years to 

be implemented and have an effect on resistance. 

main messages

Our main conclusion is that antibiotic resistance is an 

important and growing challenge to health and health care 

systems. It raises the cost and lowers the effectiveness of 

health care in the United States and will have potentially 

serious consequences if not addressed now. Although the 

underlying causes appear to be, broadly speaking, overuse 

of antibiotics and inadequate hospital infection control, 

the deeper reasons relate to incentives. A policy solution 

will have to address incentives that affect how individuals, 

physicians, institutions, and pharmaceutical companies 

demand, use, and produce antibiotics. The changes in the 

behavior of humans must, in turn, effectively change the 

microbial world. These issues are not unique to antibiotics, 

however. Managing incentives is a challenge with the use of 

any resource, whether oil or fish, and the lessons learned in 

those contexts can be valuable here.

We have critically and objectively evaluated various policy 

options to address antibiotic resistance, and on the basis of 

this evaluation, we make five general observations about the 

policy solutions.

1. Policy solutions tend to focus either on changing 

incentives for how individual actors deal with antibiotic 

use or infection control (by changing how hospitals get 

reimbursed for hospital acquired infections, for instance), 

or on exercising federal or state government oversight (by 

requiring reporting of hospital infections, for instance). 

This report identifies the incentive problems associated 

with the latter type of regulatory policy and generally 

finds greater support for the former, the incentive-altering 

policies. Government action is needed but is more likely to 

be effective when focused on changing incentives (say, for 

new drug development) than on just mandating standards. 

2. Much of the public debate on dealing with antibiotic 

resistance has dealt with lowering antibiotic use. There is a 

need to broaden the discussion of policy alternatives beyond 

simply educating health care providers to reduce antibiotic 

use. We know that antibiotic use leads to resistance, but 

it is unclear to what extent education alone can lower 

antibiotic use and how much this will slow resistance. 

Dealing with resistance will require careful rethinking and 

restructuring of the incentives for infection control within 

hospitals and vaccination policies in the community. 
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Lowering antibiotic use involves a tension between what 

is good for the individual patient—important from the 

prescriber’s perspective—and what is good for the rest of 

society. Resolving this tension between sound medicine 

and sound public health is one feature of the problem; 

preventing the spread of infections and using a diversity 

of antibiotics, in contrast, are policy options that do not 

require balancing the individual and the public good. 

3. Our policy goal should go beyond minimizing resistance, 

since that may be best achieved by not using antibiotics 

at all. Antibiotics serve a useful social purpose, but we 

have to balance the benefits of their use to individuals 

and to the rest of society (by lowering the chance that 

one patient’s infection will spread to others) against the 

costs that are largely borne by society in the form of 

lower future effectiveness.

4. Successful policy solutions should incorporate an 

understanding of ecology and evolutionary biology. A 

sustainable antibiotics policy must recognize that drug 

resistance and new drug development are two facets of 

the ongoing process of coevolution between humans and 

microbes. New drugs can provide a temporary solution only 

until microbes catch up through the process of evolution. 

Moreover, new targets for antibiotics may be increasingly 

difficult to find, and there may be cross-resistance between 

old and new antibiotics. Antibiotic efficacy is a renewable 

resource, but only on very long time scales. Meanwhile, 

policy must focus on extending the useful therapeutic 

life of existing drugs, and this requires a change in human 

behavior that leads to change in microbial communities. 

To be effective, policy must consider population biology 

and microbial community ecology, and this will require 

new basic research, including research to identify microbial 

interactions that can be exploited to manage resistance. 

5. We need to integrate our thinking of supply-side and 

demand-side policy objectives. Efforts to protect new 

antibiotics from drug resistance by keeping them on 

the sidelines potentially reduce incentives for new drug 

development by the pharmaceutical industry. Similarly, 

having a supply of new antibiotics that are fundamentally 

different from existing drugs expands our options by 

lowering selection pressure for resistance to evolve to 

existing drugs. Solutions that focus only on the supply 

side or only on the demand side may be less effective 

in the long term than solutions that are mindful of the 

interrelatedness between how we use existing antibiotics 

and incentives to produce new antibiotics.

Empirical research can inform our current understanding of 

which policy solutions are most likely to improve sustainable 

antibiotic use. Much of the discussion of ways to change 

incentives for patients, physicians, and other agents to 

behave optimally with respect to resistance is based on 

a theoretical understanding of economics and the law. 

However, there are knowledge gaps that prevent progression 

to an implementation stage. 

future policy research and dialogue

This report provides an objective evaluation of various policy 

alternatives, but the assessment is challenged by important 

gaps in our understanding of these alternatives. Our call for 

more data and research is not just a nod to the established 

norm; our goal is to provide the biological, medical, and 

economic analysis that can directly inform policy decisions. 

Although we have evaluated incentives and motivating 

factors from a theoretical perspective, policymakers will 

undoubtedly need stronger evidence to act on such policies 

as subsidizing infection control in hospitals. Policy research 

is needed to empirically test, using pilot studies and model-

based approaches, the effects of some of the more immediate 

solutions related to changing prescribing behavior and 
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hospital infection control. Policy pilots will be important for 

determining the impact of greater cost-sharing for antibiotic 

prescriptions and patient outcomes, and for calculating the 

effect of subsidizing substitutes for antibiotics that relieve 

symptoms, thereby reducing antibiotic use. These studies will 

be useful in understanding what proportion of antibiotic use 

can be avoided without harming patient outcomes. Modeling 

will have to be used for other approaches, such as the overall 

economic impact of antibiotic use and better reporting 

of resistance levels in hospitals. A natural outcome of this 

research will be prioritizing policy changes and identifying 

those most likely to have a significant impact on resistance.

Going forward, it is important not just to engage in policy 

research but also to reconcile diverse viewpoints among 

the broad range of stakeholders, ranging from consumer 

groups and physicians to pharmaceutical companies and 

health insurers. All of these stakeholders are committed to 

a long-term future for antibiotics: after all, no one is better 

off with drugs that do not work. However, specific policy 

proposals may be more or less palatable to different groups, 

and it will therefore be important to engage multiple 

stakeholder groups, such as the Interagency Task Force on 

Antimicrobial Resistance, the Infectious Diseases Society 

of America, the Academy of Managed Care Pharmacy,  the 

American Hospitals Association, and the Joint Commission on 

Accreditation of Health care Organizations, in an expanded, 

multidisciplinary consultation process to develop consensus 

around policy solutions that will have a significant impact on 

how we use and develop antibiotics.

conclusion

At this time, death from a drug-resistant pathogen, although increasing in frequency, is not yet a concern for most Americans. 

Many infections that are resistant to common antibiotics typically respond to other, more expensive drugs. However, running 

out of the cheapest antibiotics is somewhat like running out of oil. Just as oil is relatively cheap and convenient but not our only 

energy source, so generic antibiotics are inexpensive and available but may not be the only way to treat infectious diseases. 

Losing drugs that cost pennies a dose and moving to more expensive antibiotics, the newest of which can cost thousands of 

dollars, can have a profound impact on the health care system as a whole and especially on the poor and uninsured, who are 

most likely to have to pay directly for their care.

Nevertheless, the time may come when even our most powerful antibiotics will fail.  The proposals in this report are meant to 

offer a guide to policy and research to address this crisis now, rather than waiting until the pressure on policymakers to act 

—even in the absence of information—is unavoidable.The proposals in this report are meant to offer a guide to prepare for 

and respond to such a crisis, when there will undoubtedly be far greater pressure on policymakers to act. The ultimate goal 

should be to develop and implement policy solutions that will ensure the sustainability of antibiotic effectiveness for the 

next hundred years.
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CONTINUED ON PAGE 162

taBle 8.1  eXtenDing the cure: suMMary of policy options

Policy DeScRiPTion AcToRS PRoS conS

ControLLing AntiBiotiC uSE in HoSPitALS AnD outPAtiEnt SEttingS

increase cost-sharing  
for prescriptions

• Increase copayments
•  Restrict prescribing through formularies
•  Impose delay for fulfillment of some 

prescriptions for certain infections

•  Insurance companies
•  Pharmacies
•  State and federal governments

•  Patients will use fewer antibiotics
•  May not distinguish between “appropriate” 

and “inappropriate” use

Use public information 
campaigns

•  Educate physicians and patients to 
discourage inappropriate prescribing

•  Doctors (professional societies)
•  Patient and consumer groups
•  State and federal government

•  Is inexpensive and simple to implement 
•  May not yield sufficiently large or 

permanent reductions in use

Restrict prescribing  
by physicians 

•  Require preapproval for some  
or all antibiotics

•  Restrict ability of physicians to prescribe 
antibiotics

•  Doctors and hospitals
•  State and federal governments

•  Circumvents current lack of incentives to 
reduce inappropriate prescribing 

•  May inhibit patient-physician relationship
•  May discourage appropriate antibiotic use

change prescribing 
patterns in hospital  
and outpatient settings

•  Monitor and present feedback of 
prescribing patterns compared  
with peers

• Use pay-for-performance measures

•  Professional medical 
associations

•  Hospitals

•  Creates incentives, since physicians care 
about their reputation and performance 

•  May discourage all antibiotic use 
unless feedback distinguishes between 
appropriate and inappropriate use 

•  Conserve new and powerful antibiotics for 
cases where first-line drugs do not work

•  Professional medical 
associations

•  CDC
•  Hospitals

•  Maintains viability of new  
antibiotics longer

•  Increases resistance to first-line drugs
•  Is inefficient from ecological standpoint 

because diversity of antibiotics may  
be helpful

•  Decreases incentive to develop  
new antibiotics

•  Switch from broad-spectrum to narrow-
spectrum antibiotics

•  Doctors
•  Reduces opportunities for  

resistance to arise

•  Few rapid tests to determine pathogen 
are available

•  Doctors have few incentives to use 
narrow-spectrum drugs

•  Is difficult to switch from broad- to 
narrow-spectrum drugs once therapy 
has begun

•  Pharmaceutical industry has few 
incentives to develop narrow-spectrum 
antibiotics

•  Cycle or rotate drugs •  Doctors and hospitals
•  Ecological models suggest this may 

reduce risks of resistance

•  Has not yet been validated in limited trials
•  Could be costly to implement
•  Resistance may reemerge rapidly when 

drug is reintroduced
•  There may not be enough antibiotics for 

rotation in each case
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taBle 8.1  eXtenDing the cure: suMMary of policy options (conTinUeD)

Policy DeScRiPTion AcToRS PRoS conS

change prescribing 
patterns in hospital  
and outpatient settings 
(continued)

•  Use two or more antibiotics in 
combination

•  Doctors (professional societies)
•  Ecological models suggest this may  

be effective at slowing down evolution 
of resistance

•  Empirical work has not yet validated  
many combinations 

•  May compound side effects

•  Employ antibiotic heterogeneity 
(concurrent use of multiple antibiotics on 
different patients)

•  Doctors (professional societies)

•  Ecological models suggest this may be 
effective at slowing down evolution of 
resistance

•  Heterogeneity may already be at  
work since not all patients receive  
same antibiotic

•  Multiple antibiotics may not always be 
available to treat all conditions

•  Increase doses while shortening length 
of therapy

•  Doctors •  May reduce risks of resistance •  Still leaves long tail for recrudescence

Provide substitutes

•  Promote antibiotic substitutes (e.g., cold 
packs) in cases where antibiotics are not 
necessary (e.g., flu)

•  Shift some remedies from prescription to 
over the counter

•  Rethink limited access to 
pseudoephedrine

•  Managed-care organizations
•  Insurance companies
•  State and federal governments

•  Simple, does not require major changes, 
lets physicians reduce antibiotic use 
without reducing patient satisfaction 

•  Substitutes lack effectiveness
•  Impact on antibiotic use has not been 

widely studied

impose tax, quota,  
or permit

•  Tax antibiotic use either generally or 
selectively

•  State and federal governments •  Creates strong incentive to reduce use

•  Does not differentiate between appropriate 
and inappropriate use

•  Insurance shields intended targets from 
tax burden

improve diagnostic 
accuracy

•  Improve diagnostic tests 
•  Improve decision rules on when  

to use antibiotics

•  Doctors (professional societies)
•  Hospitals
•  Medical schools
•  State and federal governments

•  Delays drug therapy until need for 
antibiotics is certain

•  Encourages use of narrow-spectrum 
drugs when appropriate

•  Decision rules are inexpensive and can 
easily be incorporated into clinical therapy

•  Decision rules lack specificity
•  Some diagnostic tests are expensive  

and invasive

Research novel 
ecological approaches

•  Test all novel approaches
•  NIH
•  Drug companies

•  Many ecological strategies (at both 
population level and patient level) would 
use existing antibiotics more effectively

•  Who should bear cost of developing these 
strategies is not clear 

•  Explore probiotics (“good bacteria”)
•  Doctors
•  Drug companies

•  Can be used to fill niche left by  
antibiotic use

•  Public health value of probiotics is 
uncertain and not well studied

•  Employ bacteriophages (“bacteria eaters”)  or 
other biological control agents

•  Drug companies
•  Bacteriophages can attack and adapt to 

resistant bacteria and reduce need for 
antibiotics

•  Approach is largely speculative
•  Bacteriophages may themselves  

cause toxicity

•  Interfere with bacterial quorum sensing 
(which facilitates invasion of host)

•  Drug companies
•  Could prevent bacteria from “attacking” or 

cause bacteria to “attack” prematurely

•  May not work for all bacteria
•  May have side effects on helpful bacteria
•  Feasibility is unknown
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CONTINUED ON PAGE 164

Policy DeScRiPTion AcToRS PRoS conS

HoSPitAL inFECtion ControL

clear colonizing 
infections in incoming 
patients

•  Use alternative antibiotic to clear resistant 
colonized bacteria in patients susceptible 
to infection

•  Doctors (professional societies)
•  Hospitals

•  Reduces the number of antibiotic 
resistant infections

•  Resistance to alternatives may develop

employ surveillance and 
patient isolation

•  Screen all patients on admission (active 
surveillance) and isolate patients who 
test positive

•  Hospitals
•  Reduces likelihood of antibiotic-resistant 

pathogens entering hospital
•  Reduces chances of transmission

•  Is costly and time consuming
•  Stigmatizes infected patients
•  Does not completely eliminate possibility 

of transmission

•  Screen only patients at risk (selective 
active surveillance): those who were 
recently hospitalized or had previous 
resistant infections

•  Hospitals
•  Reduces likelihood of antibiotic-resistant 

pathogens entering hospital
•  Is less costly than screening everyone

•  Is costly and time consuming
•  Requires electronic medical records

Reduce transmission by 
health care workers

•  Reduce patient cohorting (number of 
patients seen by each nurse)

•  Hospitals
•  Health care workers
•  Doctors

•  Could reduce transmission
•  Is costly and difficult to implement  

and enforce

•  Improve hygiene through education  
(on hand washing, gloves, gowns)

•  Hospitals •  Could reduce transmission

•  May require installation of hand-washing 
stations

•  Incentives to follow guidelines are lacking
•   Long-term impact of interventions  

is unclear

•  Improve hygiene through pay-for-
performance measures (such as for 
achieving certain target rates for hand 
washing)

•  Hospitals
•  Could change incentives for health care 

workers and doctors

•  May require installation of  
hand-washing stations

•  Effect of changing incentives may wear off

Reduce transmission by 
patients and visitors

•  Improve cleaning of visitors’ and  
patients’ rooms

•  Hospitals
•  Removes pathogens, reducing likelihood 

of transmission
•  Does not affect clinical practice

•  Is expensive but may be cost-effective if 
carried out in many or all health  
care institutions

Promote regional 
cooperation

•  Enforce regional cooperation and information 
sharing to improve hospital infection control 
at regional level

•  Hospitals
•  State and local governments

•  Ensures coordinated infection control
•  Reduces free-riding by individual facilities

•  Hospitals may not cooperate
•  May be difficult and costly to  

ensure cooperation

Require hospital 
infection and resistance 
reporting

•  Require hospitals to report levels  
of hospital-acquired infections  
and resistance

•  Hospitals
•  State and federal governments

•  Increases transparency 
•  Creates incentive to reduce  

levels of infection

•  Creates disincentive to monitoring among 
hospitals with high levels of infection

•  Creates incentive to cherry-pick patients
•  May encourage lawsuits by patients with 

hospital-acquired infections
•  Is difficult to enforce
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taBle 8.1  eXtenDing the cure: suMMary of policy options (conTinUeD)

Policy DeScRiPTion AcToRS PRoS conS

change hospital 
incentives

•  Link hospital reimbursement to levels 
of infection

•  Hospitals
•  Insurance companies

•  Creates incentive to reduce levels of 
infection to get full reimbursement

•  Is difficult to implement
•  Creates incentive to cherry-pick patients

•  Examine legal avenues for responding  
to resistance

•  Lawyers
•  Hospitals

•  Creates incentive to reduce levels  
of infection to avoid medical  
malpractice lawsuits

•  Creates disincentive to monitor  
levels of infection

•  Legal system may be inappropriate and 
expensive for determining  
medical causation

•  Is politically infeasible because of 
pushback from providers

•  Consider impact of infections on hospital 
budgets and organizational structure

•  Hospitals
•  Medical research institutions
•  Government agencies

•  Multidisciplinary research could identify 
organizational issues that reduce hospital 
incentives to conduct surveillance

•  Actors are nonspecific
•  Mandate is unclear

•  Include infection control in hospital 
accreditation and health care quality 
ratings

•  Hospitals
•  JCAHO
•  Health care quality 

organizations (e.g., Leapfrog) 

•  Coverage would be comprehensive
•  Quality indicators are increasingly 

important in health care purchasing 
decisions

•  JCAHO monitors only hospital protocols,  
not levels of infection

•  Current process is designed to catch 
egregious violators of medical practice 

•  Infections are only one consideration in 
determining quality of health care facility

roLE oF goVErnMEnt

incentives to encourage 
development of new 
antibiotics

•  Fund basic scientific research to identify 
new organisms

•  NIH •  Reduces cost of creating new antibiotics
•  Introduces issues of patent ownership 

and royalties

•  Speed up approval of antibiotics •  FDA
•  Reduces cost and increases return from 

creating new antibiotics
•  Safety may be traded off for speed

•  Increase financial incentives for 
companies developing new antibiotics

•  Congress
•  Increases incentive for pharmaceutical 

companies to create new antibiotics

•  Is costly
•  Does not solve the common property 

problem (many firms exploiting the same 
pool of effectiveness)

•  Does not encourage innovation

•  Tie financial incentives for companies to 
efficacy of drug

•  Congress
•  Gives pharmaceutical companies incentive 

to maintain efficacy of their drugs

•  Appropriate standards for efficacy  
must be developed

•  Is costly

•  Create new agency to fund research

•  Congress
•  Proposed Biomedical  

Advanced Research and 
Development Agency

•  Other government agency

•  Lowers cost of creating new antibiotics
•  Could solve common property and 

innovation problems through oversight

•  Government may not be best  
positioned to pick winners

•  Is costly
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CONTINUED ON PAGE 166

Policy DeScRiPTion AcToRS PRoS conS

Make federal 
government steward of 
antibiotic effectiveness

•  Create separate agency within FDA to 
handle antibiotic effectiveness

•  FDA
•  Congress

•  Empowers FDA to better control 
antibiotics

•  Provides greater financial support for 
federal antibiotic stewardship

•  May require congressional authorization

•  Pass comprehensive legislation to protect 
antibiotic effectiveness

•  Congress

•  Recognizes vital national interest in 
effectiveness of antibiotics

•  Funds programs to help conserve 
effectiveness of existing drugs and 
support investments in new drugs

•  Coordinates actions to manage antibiotic 
effectiveness and develop new antibiotics

•  Congressional action to protect natural 
resources has mixed track record

•  Mandate use of pneumococcal vaccine •  State and federal governments
•  Lowers rates of infection and thus use 

of antibiotics
•  Vaccine is currently expensive

•  Promote and subsidize best practices to 
lower hospital infections and resistance

•  Medicare
•  Medicaid

•  Makes better use of hospital resources
•  Is expensive
•  Mandate to do this is unclear

•  Facilitate innovation by conducting field 
experiments

•  Medicare
•  Medicaid

•  Creates significant societal benefits 
through large-scale experiments to slow 
evolution of resistance

•  Is expensive
•  Mandate to do this is unclear

•  Require broad infection control programs 
as condition of participation

•  Medicare
•  Medicaid

•  Benefits all patients
•  May deny coverage to segment of 

population

•  Require specific techniques to qualify
•  Medicare
•  Medicaid

•  Improves care for all patients
•  Establishes standard of care for medical 

malpractice suits

•  May deny coverage to segment of 
population

•  Create codes (hospitals’ diagnosis-related 
group and physicians’ common procedure 
terminology) to track resistant infections 
and prescribing patterns

•  Medicare
•  Medicaid

•  Creates transparency 
•  Provides more data on problem

•  Is difficult to change codes
•  Hospitals may engage in “creative” coding
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taBle 8.1  eXtenDing the cure: suMMary of policy options (conTinUeD)

Policy DeScRiPTion AcToRS PRoS conS

change patent and  
antitrust laws to 
alter incentives for 
pharmaceutical 
companies to conserve 
anitbiotic effectiveness

•  Allow infinite patents for antibiotics •  Congress
•  Increases incentives to develop antibiotics 

and maintain their efficacy
•  Patent law is intended to encourage 

innovation, not solve commons problem 

•  Define patent law for antibiotics over 
functional resistance groups

•  Congress

•  Reduces likelihood of resistance arising to 
classes of drugs under competing patents

•  Increases incentive to maintain efficacy 
of antibiotics

•  Reduces incentives for companies to 
create new antibiotics in functional 
resistance groups they don’t own

•  Grant sui generis rights over antibiotics •  Congress
•  Reduces number of competing drugs in 

same functional group
•  Creates issue of ownership of rights
•  Generic drug makers may protest

•  Relax antitrust law •  Congress
•  Allows patenting of functional  

resistance groups
•  Is politically difficult
•  Loss of efficiency may be great

•  Harmonize property rights and antitrust 
laws across countries

•  International treaty 
organizations (such as WTO)

•  Transcends national boundaries for this 
international problem

•  Other countries cannot be  
forced to comply

•  Create wildcard patent extension (for 
developer of antibiotic to use on existing 
patent or sell to another company)

•  Congress
•  Increases incentive to develop  

new antibiotics

•  Is costly
•  May raise objections from  

other drug makers

CDC = Centers for Disease Control

fDa = Food and Drug Administration

niH = National Institutes of Health

JCaHo = Joint Commission on Accreditation of Health care Organizations

wto = World Trade Organization



acronyms and abbreviations

aRi: antibiotic-resistant infection

baRDa: Biomedical Advanced Research and  

Development Agency

Bt: Bacillus thuringiensis

Ca-mRsa: community-acquired methicillin-resistant 

Staphylococcus aureus

CDC: Centers for Disease Control and Prevention

Cms: Centers for Medicare and Medicaid Services

CobRa: Consolidated Omnibus Budget Reconciliation Act

Cpt: common procedure terminology

DRg: diagnosis-related group

eaRss: European Antimicrobial Resistance  

Surveillance System

epa: U.S. Environmental Protection Agency

fDa: U.S. Food and Drug Administration

fRg: functional resistance group

Ha-mRsa: hospital-acquired methicillin-resistant 

Staphylococcus aureus

Hai: hospital-acquired infection

HHi: Herfindahl-Hirschman Index

HHs: U.S. Department of Health and Human Services

HiC: hospital infection control

HiCpaC: Hospital Infection Control Practices  

Advisory Committee

Hmo: health maintenance organization

iDsa: Infectious Diseases Society of America

itfaR: Interagency Task Force on Antimicrobial Resistance

JCaHo: Joint Commission on Accreditation of Health care 

Organizations

mRsa: methicillin-resistant Staphylococcus aureus

mssa: methicillin-sensitive Staphylococcus aureus

nHii: National Health Information Infrastructure

niH: National Institutes of Health

nme: new molecular entity

nnis: National Nosocomial Infection Surveillance

pD: pharmacodynamic

pDufa: Prescription Drug User Fee Acts

pHC4: Pennsylvania Health Care Cost  

Containment Commission

pK: pharmacokinetic

Qapi: Quality Assessment and Performance Improvement

Qio: quality improvement organization

sHea: Society for Health care Epidemiology of America

tb: tuberculosis

VRe: vancomycin-resistant enterococci

acronyms and abbreViations        167 





biograPhies        169 

biographies

advisory committee
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He received a doctorate in biology from Harvard University.
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and the director of the university’s Center for BioComplexity. 
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Levin is a member of the National Academy of Sciences and 

the American Philosophical Society, as well as a fellow with the 
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the MacArthur Award from the Ecological Society of America 
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contracts. Prior to joining the University of Chicago, Levmore 

served on the faculty at the  University of Virginia, where he 

was the Brokaw Professor of Corporate Law, the Albert Clark 

Tate, Jr. Research Professor, and the Class of 1962 and Barron 

F. Black Research Professor. Levmore is also the  president  of 

the American Law Deans Association and a member of the 

American Academy of Arts and Sciences. 

He received his law degree as well as a Ph.D. in economics at 

Yale University and an honorary LL.D from IIT Chicago-Kent 

Law School.

JoHn e. mCgowan, JR., is Professor of Epidemiology, 

Medicine (Infectious Diseases), and Pathology and Laboratory 

Medicine and Director of the MD/MPH program at Emory 

University’s School of Medicine and Rollins School of Public 

Health. His research interests include antimicrobial resistance 

and usage practices; the relationship of antimicrobial use and 

resistance epidemiology and mechanisms of antimicrobial 

resistance, especially those associated with health care settings; 

and infectious disease epidemiology. He is a fellow of the 

American Academy of Microbiology, the American College of 

Epidemiology, and the Infectious Diseases Society of America. 

He is also an adviser to the Clinical and Laboratory Standards 

Institute (formerly the National Committee for Clinical Laboratory 

Standards) and has served on other U.S. committees concerned 

with infectious diseases. He formerly served as Chair of the 

Microbial Devices Review Panel for the FDA.

McGowan is a member of several journal editorial boards, 

including Infection Control and Hospital Epidemiology and 

Emerging Infectious Diseases. He has published widely in the 

medical literature on the topics of antimicrobial resistance and 

its relationship to antimicrobial use. 

He received a bachelor’s degree from Dartmouth and his MD 

degree from  Harvard University.
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Ramanan LaxminaRayan is a Senior Fellow at Resources 

for the Future in Washington, D.C. His research deals with 

the integration of epidemiological models of infectious 

disease and the economic analysis of public health problems. 

He has worked with the World Health Organization on 

evaluating malaria treatment policy in Africa and has 

served on an Institute of Medicine Committee on the 

Economics of Antimalarial Drugs. He teaches at Johns 

Hopkins University and Princeton University. Laxminarayan 

received his undergraduate degree in engineering from the 

Birla Institute of Technology and Science in Pilani, India, and 

both his master’s degree in public health and his doctorate 

in economics are from the University of Washington, 

Seattle. 

anup maLani is a Professor of Law at the University of Chicago.  

He is also a Research Affiliate for the Joint Center for Poverty 

Research at Northwestern University and the University of 

Chicago. Malani teaches, among other classes, Health Law, 

Corporations, and Bankruptcy.  His research examines the control 

of infectious disease, placebo effects, antibiotic resistance, 

medical malpractice liability, and the conduct of and inferences 

from medical trials.  He graduated from the University of Chicago 

Law School in 2000.  He clerked for the Hon. Stephen F. Williams, 

U.S. Court of Appeals for the D.C. Circuit in 2000–2001 and 
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2002. Malani received a Ph.D. from the University of Chicago’s 

Deparment of Economics in 2003.  Between 2002 and 2006, 
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School and the Health Evaluation Sciences Department of the 

University of Virginia Medical School.

DaViD HowaRD is an Assistant Professor in the Rollins School 

of Public Health at Emory University. His research focuses on 

using economics and statistics to better understand physician 

decisionmaking and its implications for public policy. Currently 

Howard is studying trends in treated disease prevalence and 

the value of cancer screening in patients with limited life 

expectancy. He is also examining the impact of quality on 

patients’ choice of hospital for kidney transplantation. He 

has acted as an adviser or consultant to the American Cancer 

Society, the Division of Transplantation in the Department of 

Health and Human Services, and the Institute of Medicine. He 

received his doctorate from the economics track of the health 

policy program at Harvard University in 2000.
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and Population Studies at the Fogarty International Center, 

National Institutes of Health. His research interests include 
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understand the epidemiology, ecology, population dynamics, 

and control of infectious diseases; and the interplay between the 

biology of infectious diseases, economics, and human behavior. 

He has published on the economic impact of agricultural 

antibiotic use, the spatial spread and economic epidemiology 

of hospital-acquired pathogens, the epidemiology of malaria, 

and the spatial spread of raccoon rabies. He earned doctoral 

and master’s degrees from Princeton University in ecology and 

evolutionary biology, and master’s and undergraduate degrees 

from Brigham Young University in mathematics.

Smith conducted research for this report as a part of his official 

duties at the Fogarty International Center, NIH.
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The full report is available at www.extendingthecure.org

The Extending the Cure project is a research and consultative effort that frames the growing problem 

of antibiotic resistance as a challenge in managing a shared societal resource. The inaugural report of 

Extending the Cure provides an objective evaluation of a number of policies to encourage patients, health 

care providers, and managed care organizations to make better use of existing antibiotics and to give 

pharmaceutical firms greater incentives to both develop new antibiotics and care about resistance to existing 

drugs. The report has been widely debated at a series of consultations with representatives from the medical, 

insurance, pharmaceutical, government, and academic communities. It sets the stage for future action and 

continued research to prevent the impending health crisis of widespread antibiotic resistance.  

The Extending the Cure project is funded in part by the Robert Wood Johnson Foundation through its 

Pioneer Portfolio, which supports innovative projects that may lead to breakthrough improvements 

in health and health care. Extending the Cure is advised by a distinguished panel of academics. 
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