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Since the 1960s, scientists
and pharmaceutical represen-
tatives have called for the ad-
vancement and development
of new antimicrobial drugs to
combat infectious diseases. In
January 2005, Senate Majority
Leader Bill Frist (R-TN), MD, in-
troduced a biopreparedness bill
that included provisions for
patent extensions and tax in-
centives to stimulate industry
research on new antimicrobials.

Although government stim-
ulus for private development
of new antimicrobials is im-
portant, it does not resolve
long-standing conflicts of in-
terest between private entities
and society. Rising rates of
antimicrobial resistance have
only exacerbated these conflicts.
We used methicillin-resistant
Staphylococcus aureus as a
case study for reviewing these
problems, and we have sug-
gested alternative approaches
that may halt the vicious cycle
of resistance and obsolescence
generated by the current model
of antimicrobial production.
(Am J Public Health. 2006;96:
1910-1914. doi:10.2105/AJPH.
2005.077214

THE DEVELOPMENT AND USE
of antimicrobials exemplify a
classic problem in public health
ethics: the conflict between the
private interests of individual

entities (patients, physicians, and
corporations) and the public in-
terest of society at large. In the
United States, the commodifica-
tion of antimicrobials exacerbates
this conflict. Antimicrobials are
produced and distributed by pri-
vate interests (pharmaceutical
and biotechnology companies)
for the purpose of generating
profit. They are consumed by in-
dividuals who have the financial
means to purchase them and
they are developed and allocated
on the basis of market criteria
(generation of profit and ability
to pay) rather than on the basis
of benefit to the public at large.

An increase in antimicrobial
resistance intensifies the prob-
lems generated by these conflicts
of interest. We used methicillin-
resistant Staphylococcus aureus
(MRSA) as a case study for exam-
ining these problems. We focus
on the vicious cycle of resistance
and obsolescence generated by
the current use of antimicrobial
drugs and propose some alterna-
tive approaches to future antimi-
crobial development.

EMERGENCE OF
RESISTANCE

Staphylococcus aureus (S aureus)
is a gram-positive bacteria that can
either transiently or persistently
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colonize the anterior nares within
the nasal cavity. S aureus colo-
nization is present in 30% to
509% of adults.' Life-threatening
infections, such as bacteremia
and pneumonia, may occur when
mucosal or cutaneous barriers
are breached and thereby pro-
vide an opportunity for S aureus
to spread and infect various sites
within the body.!

Shortly after the widespread
use of penicillin that followed
World War 11, penicillin-resistant
strains of S aureus began to
emerge in hospitals. By 1969,
penicillin-resistant S aureus had
been identified among individu-
als who had not been hospital-
ized.? Today, more than 90% of
S aureus strains are resistant to
penicillin and other penicillin-
related antibiotics.> Methicillin-
resistant S aureus (MRSA)
emerged only 1 year after me-
thicillin was introduced, and it
now causes about 50% of all
nosocomial infections.* The re-
cent emergence of vancomycin
intermediate—resistant S aureus
and vancomycin/methicillin re-
sistant S aureus is especially wor-
risome because there are few al-
ternative antibiotic therapies for
treating these multidrug-resistant
infections.>~

The emergence of community-
acquired MRSA (CMRSA) has
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been identified among otherwise
healthy individuals who do not
have traditional risk factors for
carriage of antibiotic-resistant
organisms.®'* CMRSA strains
differ in antimicrobial suscepti-
bility compared with hospital-
acquired MRSA, because CMRSA
strains often lack resistance to
several various non-B-lactam an-
tibiotics, a feature most likely
attributable to a lower frequency
of antibiotic-selective pressures
in the community compared
with the hospital environ-
ment.>"! However, with the mi-
gration of CMRSA strains into
hospital settings and movement
of these strains back out to the
community, an agile CMRSA
strain with multidrug resistance
traits may emerge.”? Many of
the CMRSA strains carry the
Panton-Valentine leukocydin
toxin gene, which has been
correlated with more aggressive
and potentially fatal CMRSA
infections."”**

Despite the continuing emer-
gence of resistant pathogens,
development of new classes of
antimicrobials has been at a
virtual standstill since the late
1970s (Figure 1)."*"7 Only 2
new classes of antibiotics have
been introduced during the past
24 years. There are already
concerns about resistance to 2
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®Sulfanomides.

® Penicillins, aminoglycosides, cephalosporins.
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¢ Chloramphenicol, tetracyclines, macrolides, lincosamides, streptograms.

9 Glycopeptides, rifamycins.
®Nitroimidiazoles, quinolones.
"Trimethoprim.
t0xazolidinones
"Lipopeptides.

FIGURE 1—Number of new drug classes introduced between 1935 and 2005.

recently introduced antibiotics
in the lipopeptide and oxazolidi-
none classes. Several reports
have described cases of clini-
cally significant resistance to
daptomycin (a lipopeptide) for
the treatment of MRSA infec-
tions,"®?*°and there are currently
7 case reports of resistance to
linezolid (an oxazolidinone)
among individuals with S aureus
infections.” In 2002, there
were 506 new molecular enti-
ties in the research and devel-
opment pipeline at the 15 major
pharmaceutical companies;
however, only 6 were antibac-
terial agents.'

Development of
Antimicrobials

Why is there so little private
development of new antibiotics
despite the pressing public need
for them? One reason is that the
private and public sectors view
the balance between risks and
incentives very differently. From
the private sector’s point of view,
the potential risks involved in the
development of antimicrobials
clearly outweigh the incentives.
Conversely, the public sector
views the incentives as clearly
outweighing the risks.

The primary incentive for
private development of new
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anti-microbials is the existence of
a substantial market. The tem-
poral increase in the incidence of
infections such as MRSA within
hospitals and the emergence of
CMRSA suggest that a market
for new treatments exists, and
that market may increase over
time. An additional incentive for
pharmaceutical companies is the
good public relations that accom-
pany the development of neces-
sary treatments for infections
such as MRSA, especially during
a time when the companies have
been criticized for high prices
and heavy investments in so-
called lifestyle drugs.”*?

The development of new antimi-
crobials also entails significant
risks. The expense is considerable—
from $100 million to $800 mil-
lion"—and private producers of
antimicrobials are exposed to lia-
bility claims for adverse events.
When successful in treating in-
fections, antimicrobials are used
for very short periods and are
used relatively infrequently com-
pared with medications for
chronic conditions. For example,
the clinical course of a MRSA
infection is characterized by a
limited period of infection, ther-
apy, and recovery or death.

An additional disincentive re-
sults from the increasing pressure
to shelve available antibiotics to
salvage their applicability for
treatment of resistant infections,
which was the case for van-
comycin before the emergence
of CMRSA." Finally, new antibi-
otics run the risk of rapid obso-
lescence, because use leads to
greater resistance and the need
for new drugs. MRSA in particu-
lar has exhibited a “stealth” abil-
ity to quickly adapt and acquire
new antibiotic resistance traits.>*
The more rapidly pathogens
develop resistance and thus ren-
der new drugs ineffective, the
smaller the potential market for
those drugs. By contrast, drugs
for chronic conditions (e.g., hy-
percholesterolemia, hypertension,
and arthritis) can be marketed to
a large segment of the population
and will not be shelved; con-
sumers can use them for years
or decades, and they rarely be-
come ineffective as a conse-
quence of repeated use.

From the perspective of the
public interest, there are 2 major
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incentives for developing new
antimicrobials. First, they may aid
in the mitigation or prevention of
future epidemics of emerging in-
fectious diseases. Second, novel
antimicrobials may reduce mor-
tality and morbidity associated
with extant pathogens such as
MRSA. This in turn would lead
to a reduction in future hospital-
izations, health care expenditures
associated with resistance, and
costs associated with lost produc-
tivity due to disability or death.
The primary risks are the costs
associated with developing and
distributing new drugs and poten-
tial adverse events.

Consumption of
Antimicrobials

Important conflicts of interest
also exist between the individ-
ual producers and consumers of
antimicrobials and the public in-
terest. Use of antimicrobials by
individual patients creates exter-
nalities—costs or benefits that ac-
crue to someone other than the
individual consumer. The costs
of excessive or incorrect use of
antimicrobials for the treatment
of S aureus infections (e.g., the
development of multidrug resist-
ance) accrue not only to the indi-
vidual patient but also to those
who may be infected by result-
ant resistant strains. Similarly,
limiting the use of antimicrobials
in a particular patient may not
benefit that patient, but it does
benefit society at large by pre-
venting the development of re-
sistant strains.

Patients seldom take into ac-
count the negative externalities
that accompany the use of an-
timicrobials, and most either do
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not know or do not consider the
ecological impacts of resistance
for themselves and others. Physi-
cians may be more aware of the
social costs of antimicrobial use,
but they must weigh the social
benefit of discouraging use against
their own interest in serving the
wishes of their patients.

Private producers of antimicro-
bials have an incentive to encour-
age oonsumption of antimicrobials—
particularly as the expiration of
their patents approach—to maxi-
mize profits.>* By contrast, it is
in the public’s interest to limit
consumption of available antimi-
crobials and to preserve new
drugs and classes of drugs as
long as possible in order to fight
multidrug-resistant infections
such as MRSA.?

Looking Ahead

When he commented on the
development of new drugs 40
years ago, Harry F. Dowling, ob-
served that “Americans are inter-
ested in preserving the whole-
some principle of competition
that is inherent in their system,
and at the same time they want
to be certain that the [pharma-
ceutical] companies will compete
with the kinds of drugs and with
methods that are beneficial to
the public.”2¢7> We face similar
ethical dilemmas today that are
exacerbated by the growing
problem of antimicrobial resist-
ance. Do we value the ability of
private entities to develop (or fail
to develop) and use antimicro-
bials in accordance with their
own interests more highly than
we value the benefit that the
public would derive from their
development and judicious use?
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Should market forces, public in-
terest, or some combination of
the 2 govern the production and
consumption of antimicrobials?
Who should pay?

Within this framework, 3
approaches to the problem of
antimicrobial resistance are
evident.

Commodification. Antimicro-
bials are fully commodified, and
their development, production,
and consumption are entrusted
to the private sector and are gov-
erned primarily by market forces.
Under this system, development
of new antibiotics clearly entails
greater risks than benefits for the
private sector, including limiting
their consumption once devel-
oped. We do not envision this
balance of risks and benefits
changing in the near future; thus,
we believe that this approach will
continue to inadequately address
antimicrobial resistance.

Public good. An alternative ap-
proach would treat antimicrobials
as public goods, and their devel-
opment, production, and con-
sumption would be governed
solely in accordance with the
needs of the public. The state—
which already pays for a great
deal of basic drug development
research—could take over the
development and production of
antimicrobials directly. Alterna-
tively, the state could adopt a
defense contractor model and
underwrite the development of
particular drugs by private indus-
try through short-term agree-
ments. If sufficient funds are
made available, and decisions
about the development of new
antimicrobials are made on
the basis of sound scientific

judgments about the risks and
benefits to the public, this ap-
proach could effectively address
antimicrobial resistance.

Partnership. A third approach
is a compromise between the
first 2 that would allow the pri-
vate and public sectors to share
the risks and benefits associated
with antimicrobial drug develop-
ment. For example, the public
sector could provide additional
incentives (market exclusivity,
patent extension, tax incentives,
and expedient Food and Drug
Administration approval times)
and mitigation of risks (indemni-
fication against liability and guar-
anteed markets) to the private
sector in return for the successful
development of new drugs.?’
Precedents for this form of part-
nership include the 1983 Orphan
Drug Act, which extended tax
credits and guaranteed 7 years of
market exclusivity to developers
of drugs for rare conditions. Dur-
ing the 109th Congress, several
bills that include some form of
public—private partnership for
antibiotic development were in-
troduced under the guise of
homeland security.?® These bills
were still pending.

The first approach has so far
failed to address antimicrobial re-
sistance, and the second appears
to be unfeasible in the current
political climate. As such, several
recent reports have recom-
mended adopting the third ap-
proach by building on similar
public—private partnerships that
have been implemented for vac-
cines and orphan drugs.” How-
ever, while this approach might
be appropriate in the short term,
it does not resolve the basic
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conflict of interest between private
producers and consumers of
pharmaceuticals and society at
large. In the long term, we be-
lieve that only the second option
will suffice, i.e., antimicrobials
should be treated as a public
good, and their production and
consumption should be governed
solely by the public interest.

We also believe that new
drugs are not the only answer.
Although an emerging consensus
from the research and industry
side has called for technological
solutions—including use of ge-
nomics and new bacterial molec-
ular targets—and more rapid
techniques for diagnosing resist-
ant infections, these techniques
have thus far shown minimal
yield in identifying novel treat-
ments and drug targets. Even if
they are effective, these new
technologies will not interrupt
the vicious cycle of resistance
and obsolescence.

Instead, we recommend a re-
newed emphasis on basic public
health prevention regarding in-
fection control and management.
This approach includes (1) the
consistent application of hand
hygiene and environmental infec-
tion control guidelines in clinical
settings and within other high-
risk environments in the commu-
nity, (2) more rigorous imple-
mentation of strategies for the
rational use of antimicrobials in
clinical and community settings,
and (3) development and use of
alternative therapies (e.g., vacci-
nations, probiotics, and phy-
tomedicines) for prevention of
bacterial infections. The first 2
points have been advocated by
the Centers for Disease Control
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and Prevention as part of the Get
Smart: Know When Antibiotics
Work campaign®® and by the Al-
liance for the Prudent Use of An-
tibiotics.*” Yet, fostering rational
use of antibiotics and promoting
adherence to proper hand hy-
giene regimens in clinical and
community settings continues to
be a challenging public health
dilemma.®"3? The last of our 3
proposed potential prevention
measures—alternative therapies—
is rarely discussed within the
context of antimicrobial develop-
ment,'®*3-35 but it may provide
an important avenue for inter-
rupting the cycle of resistance
and obsolescence associated
with new antimicrobial use.

CONCLUSIONS

In an article published 40
years ago, scientists and pharma-
ceutical industry representatives
concluded that technological ad-
vancement and development of
new drugs were required for
overcoming the issue of resist-
ance.*”” Since then, only 3 new
classes of antibiotics have been
introduced, and research on new
antimicrobials has dwindled.
Nevertheless, currently proposed
solutions continue to advocate
further research and market-
based solutions for the develop-
ment of antimicrobials, '633-3

These downstream approaches
do not address the fundamental
causes of antibiotic resistance
within clinical and community
settings, and they do not inter-
rupt the vicious cycle of obsoles-
cence and resistance that market-
based solutions encourage. To
address the growing problem of
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antimicrobial resistance, we must
implement public health preven-
tion approaches immediately,
and we must consider long-term
solutions that do not rely on
market forces to govern the
production and consumption of
antimicrobials. ®
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Community-based participa-
tory research (CBPR) addresses
the social justice dimensions
of health disparities by engag-
ing marginalized communities,
building capacity for action,
and encouraging more egali-
tarian relationships between
researchers and communities.
CBPR may challenge insti-
tutionalized academic prac-
tices and the understandings

that inform institutional review
board deliberations and, indi-
rectly, prioritize particular kinds
of research.

We present our attempt to
study, as part of a CBPR part-
nership, cigarette sales prac-
tices in an inner-city community.
We use critical and communi-
tarian perspectives to examine
the implications of the refusal
of the university institutional
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University of California, San
Francisco) to approve the study.
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COMMUNITY-BASED
participatory research (CBPR) is a
way to identify and address
health disparities'* by engaging
marginalized communities, build-
ing capacity for action, and end-
ing relationships of dominance in
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