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Foreword

enicillin, the first antibiotic, and the more than 100 other anti-

biotics now available to physicians are the primary weapons

in mankind's battle against bacterial diseases. They revolu-

tionized medicine, providing cures for formerly life-threaten-
ing diseases and preventing many previously inevitable deaths from
infected wounds. They still do, but within a short time of each antibi-
otic's introduction into medicine, some bacteria became resistant to it,
and the antibiotic lost its effectiveness against some diseases. Cur-
rently, few bacteria are resistant to all antibiotics, but many more are
resistant to all but one or all but a few antibiotics, and the expectation
is that resistant bacteria will continue to emerge and spread. The fear
is that many bacteria will become resistant to all antibiotics, plunging
humanity back into the conditions that existed in the pre-antibiotic
age.

OTA's report discusses what is known about the emergence and
spread of antibiotic-resistant bacteria and describes research and
development aimed at controlling those organisms. It concludes that
efforts are necessary both to preserve the effectiveness of currently
available antibiotics and to develop new antibiotics. It discusses issues
that arise in these activities, and it presents options for taking action.

This report was requested by the House Committee on Energy and
Commerce in the 103d Congress (now the House Committee on Com-
merce). The Senate Committee on Labor and Human Resources in the
same Congress endorsed the request for the study.

OTA was assisted in this study by an advisory panel of scientists
and physicians from academia, industry, and state government chaired
by Gail Cassell, Ph.D., of the University of Alabama at Birmingham.
OTA gratefully acknowledges the contribution of each advisory panel
member as well as that of many other experts who supplied informa-
tion for the report and participated in reviews of the report as it was
prepared. As with all OTA reports, the final responsibility for the con-
tent of the assessment rests with OTA.
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SUMMARY O Impacts of Antibiotic-Resistant
s more and more bacteria become resisBacteria:

tant to the effects of antibiotics and as. pjfficylt-to-treat infections: Many strains of

the flow of new antibiotics into medical  pacteria are resistant to one or more of the 100

practice slows, it is clear that the pro-  antibiotics now in use. Physicians may have to
nouncement of the Surgeon General of the try a number of different antibiotics until one
United States nearly a quarter century ago that it proves effective.

was time to “close the book on infectious dis-* Untreatable infectionsSome strains of bacte-
eases” was prematutdndeed, the popular press ria are resistant tall available antibiotics.
and some experts worry that we are headed Currently, infections caused by these bacteria
toward an era of infectious diseases akin to the are fairly uncommon, but they are rapidly

one that existed before antibiotics were intro- increasing. Additionally, other bacteria are
duced over a half-century ago. resistant to all but one antibiotic, and they are

This Office of Technology Assessment (OTA) exp_e(_:tgd to be_come resistant to all antibiofti(?s.
= _Antibiotic use increases the spread of antibi-

report is a response to congressional requests’ . ! . o
L otic-resistant bacteria Antibiotic use creates
(see box 1-1) for a description of the threat posed X Y
selective pressure” that promotes the spread

by_ antibiotic-resistant ba(_:tena. to-our Soclety. ¢ egistant bacteria. Susceptible bacteria are
This report explores the biological bases for the killed or inhibited, and resistant bacteria sur-

f:levelopm_ent of bacte_ria_ll resistance to antibiot- e and multiply. As bacteria become resis-
ics, describes new antibiotics that are in research gnt to increasing numbers of antibiotics, the
and development, and outlines a number of strat- remaining effective antibiotics are used more
egies to control the proliferation of antibiotic-  often—increasing the selection pressure for
resistant bacteria. bacteria to become resistant to them.

1 Citations to the literature are not included in this summary. Complete citations are included in other chapters.

| 1



2 | Impacts of Antibiotic-Resistant Bacteria

BOX 1-1: Origins of This OTA Study

In 1994, two Committees of Congress asked OTA to prepare a report that describes the incidence of
infections with antibiotic-resistant bacteria in hospitals and in the community and any information about
the costs of such infections. Moreover, the request asked how surveillance of antibiotic-resistant bacteria
can be improved and for descriptions of the relationships between virulence and antibiotic resistance in
bacteria, the state of the search for new antibiotics, and the success or lack of success in efforts to con-
trol the ongoing spread of antibiotic-resistant bacteria. In addition, OTA was asked to discuss issues that
arise in attempts to control the impacts of antibiotic-resistant bacteria and to present options for actions
by Congress and other organizations.

= Costs OTA estimates the in-hospital costs of rately identify bacteria will improve use of
hospital-acquired (nosocomial) infections antibiotics.
caused by six common kinds of antibiotic- 2) Vaccines Vaccines prevent infections and
resistant bacteria to be a minimum of $1.3 bil- reduce the need for antibiotics. Effective
lion. The estimate ignores the costs of infec- vaccines against bacteria will reduce the
tions caused by other kinds of antibiotic- use of antibiotics.

resistant bacteria, costs of lost work days, and 3) Infection control Effective infection con-
costs for post-hospital care. If these factors trol efforts range from simple procedures
were considered, the total cost to society such as diligence in hand-washing to new
would be at least several billion dollars per materials for use in medical devices that
year. Further, these costs can be expected to  impede the growth of bacteria.
increase rapidly as the numbers of antibioticx Develop new antibioticsNew antibiotics are
resistant bacteria increase. necessary to treat bacteria that are resistant to
= Antibiotic-resistant bacteria spread inter-  currently available antibiotics. Pharmaceu-
nationally. Antibiotic-resistant bacteria are tical companies are currently searching for
found all over the world and are spread among new antibiotics by screening biological com-
countries as people and goods are transported pounds for antibacterial activity and by use of

internationally. new techniques to design molecules that are
active against specific biochemical pathways
[ Controlling Antibiotic-Resistant in bacteria.
Bacteria

= Prolong the effectiveness of currently avail- ORIGINS OF THE ANTIBIOTIC ERA

able antibiotics through three primary A century ago, physicians had few effective

activities: medicines to treat infectious diseases. Plenty of

1) Prudent use of antibioticSStudies indicate medicines existed, but most had no effect except
that many antibiotics are overused or usedo offer the relief associated with narcotics and
inappropriately. Physicians who prescribealcohol. Physicians prescribed elixirs, nostrums,
antibiotics in the hospital or in their office and potions for all sorts of illnesses. Systematic
practices often face difficult choices in examination of their effectiveness, which began
deciding whether to prescribe an antibioticin the 1890s, showed that few had worth. With
and which one to prescribe. Surveillancefew effective treatments, the physician’s role was
systems to track the emergence and spredinited to informing the patient and family about
of disease-causing bacteria are essentiathe expected course of the disease and keeping
New technologies that quickly and accu-the patient comfortable, clean, and nourished
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while waiting for the body’s immune system to coccus aureus(MRSA) and VRE and the

overcome the infection, if it could. expectation that other bacteria will develop resis-
In 1928, the English microbiologist Alexander tance to all or almost all antibiotics warn that we

Fleming discovered that a common mold (Penimay be entering a post-antibiotic era.

cillium) produced a substance—penicillin—that

killed bacteria. This became the foundation of asyRVEY OF ANTIBIOTIC RESISTANCE

new era in treatment of infectious diseases.

About a decade later, a British research and engi-l The Microbial Battlefield

neering team led by H.W. Florey developedThe ongoing survival contest between microor-
methods for the large-scale production of peniganisms and antibiotics dates back millions of
cillin. Penicillin became known as the “Wonderyears_ Bacteria live in the soil and other places
_drug,” and diseases that were once life-threatenypere they compete with other bacteria and
ing became manageable. microorganisms for nutrients. Over time, some

Over time, however, bacteria demonstratedicroorganisms, such as the Penicillium mold,
their ability to “fight back.” In 1945, shortly after p4ve evolved the biochemical machinery to pro-
penicillin’s debut into hospitals, scientists iS0-qce antibiotics, such as penicillin, that inhibit

lated Staphylococcus aureustrains that were o q\uth of or kill bacteria. This eliminates com-
resistant to the drug, and by the 1950s, Sucpgetitors for nutrients.

strains were a common cause of disease in hospi-
tals where penicillin had been heavily used. Th
semi-synthetic penicillin methicillin was tempo-

“Antibiotic-resistant bacteria” are strains of

%acteria that were once susceptible to an antibi-

rarily effective against hospital strains $ttaph. .Ot'C but have since 'ac'qwr.ed reS|s'§ance aftgr the
introduction of antibiotics into medical practice.

aureus but only one year after methicillin’s Antibioi ist tes th h ¢
introduction in 1960, a study reported strains nubiotic resistance  operates through one o

resistant tat. By 1991, more than 40 percent of fpur _gfne‘;al mechar;)lsmz. 'rr]he re%lfsta'\nt baczte-
Staph. aureusstrains in some large hospitals "UM: 1) does not absorb the antibiotic, or 2)
were methicillin-resistant, and some of thoseEXPeIS it, or 3) degrades it, or 4) has altered the
strains were resistant to all antibiotics except!Sual molecular target for the antibiotic so that
vancomycin. the drqg has no effect. ' .
Vancomycin-resistant Enterococcus (VRE) Resistance results from mutations that arise
are strains of Enterococcus resistant to the antibfPontaneously in bacteria. Mutation is a rare
otic vancomycin. Some strains of VRE are resis€vent—occurring once in a few million or a few
tant to all Food and Drug Administration (FDA)- hundred million bacteria, for instance—but the
approved antibioticd.In 1994, 15 percent of the Probability of a mutation occurring during an
enterococcus infections in intensive care unitdnfection is the product of mutation and the num-
(ICUs) were resistant to vancomycin, as werder of bacteria, and millions of bacteria can be
almost 10 percent of the enterococcal strainpresent in an infection. If a mutation for resis-
acquired outside the ICUs. tance to an antibiotic does occur, and if the per-
Today, antibiotics remain effective againstson is being treated with that antibiotic, the
most bacterial diseases, but some antibiotics am@ntibiotic will kill off or inhibit the non-resistant
no longer effective against infectious diseasesr “susceptible” bacteria (see figure 1-1), leaving
that they defeated only a few years ago. Morethe antibiotic-resistant bacteria to multiply and
over, the spread of methicillin-resist&taphylo-  flourish. This is the process of “selection.” More

2A drug now in the final stage of clinical trials may work against some strains of VRE, and it is available under an FDA emergency-use
program, upon request to the manufacturer (Rhone-Poulenc Rorer, 1995).
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Faced with the uncertainties of diagnosis anand allows humans and their microbes to travel
the certainty that at least some of their patientsnore quickly than ever before. For example, epi-
will benefit from antibiotics, most physicians demiologists have tracked the spread of a multi-
will prescribe an antibiotic, generally amoxicil- ple-resistant strain ddtreptococcus pneumoniae
lin, because it is usually effective against allfrom Spain to Iceland. Other factors that contrib-
three of the common bacterial causes of otitisite to the emergence and spread of antibiotic-
media. Even so, amoxicillin will be ineffective resistant bacteria, as well as the spread of other
against 10 to 15 percent of infections caused bpacteria in the community are improper food
the three common bacterial agents of otitis medigreparation practices both in homes and com-
because the bacteria will be resistant. Anothemercial establishments, inadequate water treat-
antibiotic may have to be prescribed in thosgment and inspection, and poor sanitation and
cases. hygiene.

Experience of treatment failures with amox-
icillin may encourage the physician to routinely Prevalence of Antibiotic-Resistant Bacterial
prescribe antibiotics other than amoxicillin. Diseases in the Community
Antibiotic prescription patterns are also influ- No one knows how common antibiotic-resistant
enced by patient expectation or demand (sekacteria are in the community. The United States
box 3-1 in chapter 3 for misperceptions abouthas no surveillance system to track antibiotic-
antibiotic use) and promotion by pharmaceuticaresistant bacteria over wide areas, and our
companies. knowledge of community patterns is restricted to

a few studies in specific geographic areas and to

0 Antibiotic Resistance in the Community information about antibiotic resistance in gonor-

rhea and tuberculosis. Both are “notifiable dis-

E_ve_ryong is at risk for_lnfectlons caused by ant"eases,” and cases of these diseases are to be
biotic-resistant bacteria, but some population

) ) i " %eported to the Centers for Disease Control and
are at particularly high risk. Those communitiesp o antion (CDC). Even so, information about

rangc_a_from the poor, who ofte_n live in _CrOWdedthe antibiotic susceptibility or resistance of those
conditions with less than optimal hygiene andy, teria s often not obtained or reported.
medical care, to middle-class children in daycare

centers, who are at high risk for otitis media an(bonorrhea

other infectious diseases. Other populations gbepicijjin.resistant strains oNeisseria gonor-
higher risk are people in institutions such as hosg,yaaeare now found in at least 17 countries.

pitals, nursing homes, prisons and military inStaI'Between 1988 and 1991. CDC documented a
lations. Peop!e with diseases or condlthns thag, percent increase in the proportion of penicil-
suppress the immune system are also at increasggl ™ tetracycline-resistantN. gonorrhoeae

risk. Hov_vever, once anti_biotic—resistant bacteriarpig finding led CDC to discourage the use of

emerge in these populations, they can be spreafliciiin or tetracycline as first-line treatment

widely to other groups. for the disease. Gonorrhea is an example of
widespread resistance forcing the use of newer,

Factors in the Emergence of Antibiotic- more expensive antibiotics as primary treatment.

Resistant Bacteria In welcome contrastJreponema pallidumthe

Some of the bacteria acquired in the communityause of syphilis, remains universally susceptible

are antibiotic-resistant and have been carried intto penicillin.

the community by people returning from hospi-

tals where antibiotic-resistant bacteria are mor&uberculosis

common. Some arrive by other means. ModeriPublic health measures and the use of antibiotics

transportation has fostered global accessibilityeduced the number of tuberculosis (TB) cases
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from 135,000 in 1947 to 22,000 in 1985 andhealth importance of antibiotic-resistant bacteria
fueled the expectation that the disease would bffom agriculture. No differences in the preva-
conquered. By 1992, however, the number ofence of antibiotic-resistant bacteria were found
cases had resurged to 30,000. between groups of people who ate meat and
Drug-resistant strains of TB present a majorgroups who did not eat meat. Indeed, there was a
challenge to health officials. In 1991, in New slightly increased frequency of multiply resistant
York City, 14 percent of all newly diagnosed TB bacteria in the vegetarians. These results are con-
cases were resistant to one or more antibioticsistent with the conclusion that meat is not the
used for primary treatment, and 60 percent of thenly source of antibiotic-resistant bacteria, but
relapse cases in the first 12 weeks of the yeafey do not show that meat is unimportant nor do

were multiply drug resistant (MDR). These they pinpoint the other sources of antibiotic-
strains spread from impoverished homeless popesistant bacteria in the diet.

ulations of New York City to their health care  \er the last two decades. the EDA. the

providers, jail guards, fellow patients inside hos-\ational Academy of Sciences, OTA, and offi-

pitals, and other parts of the country. Table 1-1.. 1,5a:4s and committees overseas have exam-
illustrates the MDR-TB outbreaks in the United;

S dp Rico f 1985 to 1992 ined the evidence for the contribution that
tates and Puerto Rico from to ' agricultural uses of antibiotics make to human

o . . diseases or to the prevalence of antibiotic-resis-
[J Antibiotic Use in Animal Husbandry tant bacteria. None was able to pinpoint data that
Probably no other issue about antibiotic-resistanéhow the extent of the problem, and all have
bacteria elicits more emotion than questiongointed to the great difficulties in studying this
about the impact of the use of antibiotics in anidssue.
mal husbandry on the appearance of antibiotic-

resistant bacteria in humans (see chapter 7).  cOSTS OF ANTIBIOTIC-RESISTANT
About half, by weight, of the antibiotics used BACTERIAL DISEASES

in the United States are used in the production of . : .
))Because of the costs involved in controlling and

food animals, such as swine, cattle, and poultry, =~ o .
and the most used antibiotics are “old” ones penmomtormg the spread of antibiotic-resistant bac-

icillin and the tetracyclines. Almost 90 percent ofteria, it would be useful_ to k”O_W how much_
the agricultural use is for prophylaxis or growthWould be saved by reducing the impacts of anti-
promotion, rather than for treatment of sick biotic-resistant bacteria. Calculation of the costs

animals. imposed by antibiotic-resistant bacteria can
Long-term use of antibiotics such as penicillini”CIUde such factors as the direct cost of time in a

and tetracyclines decreases the time necessarygspital, the costs of extra physicians’ visits
raise an animal to marketable weight or reduce¥hen antibiotics are ineffective, the extra hospi-
the amount of feed necessary to reach sucldlizations due to community-acquired resistant
weights. Perhaps because those uses are equatégctions, and the costs of newer antibiotics to
only with economic gain, the strongest criticismsreplace antibiotics to which bacteria have
have usually been addressed at such long-terkecome resistant. Other costs include lost work
uses. days and deaths, if they occur. Only one such
There is no question that agricultural uses oftudy has been published, and it included the
antibiotics select for antibiotic-resistant bacteriaestimate that the cost of antibiotic-resistant bac-
just as do medical uses. For instance, some anteria nationwide was between $100 million and
biotic-resistant Salmonella cases have beefi30 billion annually, with different values
traced back to meat from animals fed antibioticsattached to the cost of a life accounting for most
Questions arise about the quantitative publiof the wide range of the estimate. A medical
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TABLE 1-1: MDR-TB Outbreaks in the United States and Puerto Rico, 1985-1992

Location Drug resistance Year(s) Index case(s) Secondary case(s)

Texas, California, INH, RIF, SM, 1987 Male, diagnosed with 9 family members and relatives

Pennsylvania PZA, EMB TB in 1971; recalcitrant,

in/out of medications.
Died in 1987.

Mississippi, rural ~ INH, SM, PAS 1976 High school student Fellow students and their families

Boston, homeless INH, SM 1984, 1985 2 possible, both Fellow sheltered homeless

shelters homeless men

Miami outpatient INH, RIF, EMB, 1988-1991 1 patient 22 HIV patients

AIDS clinic or HIV  ETH

ward

New York State INH, RIF, PZA, 1990-1991  Prisoner 7 inmates and 1 prison guard

Prison EMB, SM, KM,

ETH

New York City Various 1988-1992  Prisoners Spread within jail; diagnosis rate of

Jail, Rikers Island 500 per 100,000. Average daily
census of jail is 20,000

New York City Jail Various 1991 Prisoners 720 cases of MDR-TB diagnosed in
prisoners

Waupun Jail, NS 1993 Prisoners 22 prisoners

Wisconsin

Nassau County NS 1988-1990  Prisoners 45 prisoners

Jail, New York

Lincoln Hospital, INH, RIF, EMB, 1991 Noncompliant AIDS 1 AIDS patient

New York City SM patient

7 New York City INH, SM, RIF, 1988-1991 Patients More than 100 patients; 19 health-

hospitals EMB care workers; all but 6 of whom were
HIV infected

San Juan, Puerto 12 to INH, RIF, 1989 Patient(s) All 17 health-care providers on HIV

Rico, hospital PZA, EMB ward infected

New York City NS 1989-1991 Patient(s) 23 patients, 21 of whom were HIV-

hospital infected; 12 health-care providers
infected; no active cases

New York City INH, SM, RIF, 1989-1990 Patient(s) 18 AIDS patients

hospital EMB

Cook County NS 1991 Patient(s) 12 health-care providers infected;

Hospital, Chicago no active cases

Miami hospital INH, RIF 1990-1991 Patient 36 patients, 35 of whom were HIV-
infected

Miami hospital INH, RIF 1987-1990  Patient(s) 29 patients, 13 health-care

providers; no active cases

INH=isoniazid; RIF=rifampin; EMB=ethambutol; PZA=pyrazinamide; SM=streptomycin; PAS=para-amino-salicylic acid; ETH=ethionamide;
KM=kanamycin; NS=not specified

SOURCE: Garrett, L. 1994.
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society subsequently estimated the costs of suddtic use and saved $42 per patient, resulting in a
diseases at $4 billion. projected cost savings to the hospital of $89,000
In this report, OTA calculates the direct hospi-per year.

tal costs from five classes of nosocomial infec- At the state level, the New Jersey Department
tions associated with only six different strains ofof Health collects data about antibiotic-resistant
antibiotic-resistant bacteria and concluded thabacteria from microbiology laboratories in each
the minimum nationwide hospital costs of thoseof the 95 acute care general hospitals licensed by
infections was $1.3 billion in 1992 dollars. Add- the Department. Since its inception in 1991, all
ing other infections associated with other bacteNew Jersey hospitals have submitted monthly
ria and other costs in addition to direct hospitareports to the Department of Health, which col-
costs would increase the total to several billiorlects and analyzes the data and makes it available
dollars. This number can be expected to increas® all participating hospitals and to the public.
as the numbers of antibiotic-resistant bacterid’he surveillance system has been used to study

increase. many questions about antibiotic-resistant bacte-
ria including: patient risk factors for VRE bacter-

REDUCING THE IMPACTS OF emia, the role of antibiotic usage in VRE

ANTIBIOTIC-RESISTANT BACTERIA bacteremia, the effectiveness of infection control

The impacts of antibiotic-resistant bacteria carf ractices in preventing noso (_:(_)mial transmissi_o n
be reduced by preserving the effectiveness O(r?r]:e\r/l;llz’ d?L?d Vu?r:zu Sr?sst?r?/%t;?f'gtyri;?inth?”?e)(pserg_
current antibiotics through infection control, vac- 94 P b ) y

cination and prudent use of antbiotics, and by s SPE O 1AUTES SRR 2 SV BOTE DY
developing new antibiotics specifically to treatof H(falth P

infections caused by antibiotic-resistant bacteria. .

y SCOPE, Surveillance and Control of Patho-
. . gens of Epidemiological Importance, is a
DfPreservmg tftl)e E_ffectlveness national effort established by the University of
of Current Antibiotics lowa and Lederle Laboratories (now Wyeth-
Reducing infection rates, which will reduce theAyrst Lederle Laboratories) in 1995. The pro-
demands for antibiotics, will reduce the pressuregram expects to collect reports of all nosocomial

for selection of antibiotic-resistant bacteria. bloodstream infections in 48 hospitals nation-
wide as well as samples of the organisms isolated
Surveillance from the infected patients. The reports will pro-

Surveillance systems are necessary to track patide information about the spread of antibiotic-
terns of antibiotic resistance. At the local level resistant bacteria in the hospitals.
physicians can use the information to choose There are also other industry-funded surveil-
appropriate antibiotics. At the national level,lance systems. A number of academic and com-
pharmaceutical companies can use the informanercial laboratories conduct surveillance under
tion to plan new drug development. contract to pharmaceutical companies, but they
Many hospitals have surveillance systems ta@re not necessarily designed to obtain informa-
track the spread of disease-causing organism#pn most useful for public health purposes.
including antibiotic-resistant bacteria, and to pro- The CDC-run National Nosocomial Infection
vide information to physicians about the use andurveillance (NNIS) is the single nationwide sur-
effectiveness of antibiotics. These systems haveeillance system that produces information about
saved hospitals money; for example, a system iantibiotic-resistant bacteria. While it is limited to
the LDS Hospital in Salt Lake City, Utah, moni- reports on nosocomial infections from about 200
tored the use of prophylactic antibiotics beforehospitals, it is the source for most of the data in
surgery. This system reduced unnecessary antilthis report about MRSA, VRE, and other drug-
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resistant bacterial infections. NNIS publishestrack the flow of bacteria from country to coun-
results infrequently and at long intervals after thery. It also provides scientists in the participating
data are collected. NNIS, in whatever form ithospitals a powerful tool to analyze the spread of
continues, should be urged to publish in a timelantibiotic-resistant bacteria in their own hospi-
fashion so that data can be used more efficientlytals.

CDC is in the early stages of establishing
nationwide surveillance of drug-resistal8. \/accines
pneumonia¢DRSP), which will cover infections y/accines now protect millions of people from
whether or not they occur in a hospital. Successyacterial and viral diseases, and as shown in fig-
ful establishment and operation of that system, 1-2, successful vaccines can have a rapid,
could provide a model for surveillance of all horoung effect on bacterial disease rates. Vac-
antlblotlc—reglstant .b'acterla, bgt the full systeMgines that are successful against pathogenic bac-
would require additional funding. As an early (g will protect against both antibiotic-sensitive

step in setting up the DRSP system, and af,q antibiotic-resistant strains and reduce the

CDC’s request, the Council of State and Territoy,qq for antibiotics and the selection pressure for

rial Epidemiologists has recommended DRSP f0f,o emergence of resistance. While the rate of

inclusion on the list of notifiable diseases, anqntroduction of new vaccines has been slow in

four states now report it. The CDC initiated ; ;

. L : - years past, new developments in molecular biol-
DRSP in 20 laboratories in New Jersey in Apr|IOgy research may increase the rate in the near
1995, and if funds are available, CDC expects, ;v re

that most of the nearly 2,000 hospital and com- The policies surrounding vaccine develop-

mercial laboratories that now have computenzecﬁnem in the United States are not a focus of this

record keeping will be on the system by 1998. A . .
laboratories add computer capabilities, the CDCSSTA repo_rt, but the Fed_eral National \_/accme
rogram is often described as faltering and

will encourage them to enlist in the system,
expecting that all of the nearly 5,000 Iaboratorie§eSearCh as underfunded.
in the country will eventually participate. If the )
DRSP system works, CDC envisions expandingnfection Control
it to include other antibiotic-resistant bacteria.  Infection control measures are a crucial element
WHONET, an established surveillancein preserving the effectiveness of current antibi-
project, is a computer-based system that is sportics. A 1976 CDC study showed that hospitals
sored by the World Health Organization. It trackswith intensive infection control and surveillance
the resistance patterns of bacteria in clinicaprograms could reduce the approximately two
microbiology laboratories in hospitals worldwide million infections acquired in hospitals per year
and provides the participating hospitals withby 32 percent. The report identified handwash-
methods to follow the spread of antibiotic-resis-ing, improved hygiene, and patient isolation as
tant bacteria and to examine the efficacy of locapuccessful infection control efforts.
infection control procedures. WHONET was Despite whatever infection control methods
established by two people, and it is maintainedvere put in place, the number of bloodstream
single-handedly by Dr. Thomas O'Brien of theinfections increased by 70 percent in large teach-
Brigham and Women'’s Hospital, Boston, MA. ing hospitals and 279 percent in small non-teach-
Even with its limited resources, WHONET ing hospitals during the 1980s. These increases,
has about 100 participating hospitals, and somi part, reflect the increased life-saving capacity
of those hospitals report information from largeof modern medicine that includes increased sur-
areas, up to the size of countries. It is a primargery rates with attendant catheterizations and
source of data about antibiotic-resistant bacteriather invasive procedures, organ and tissue trans-
around the world, and it provides a method tglants that require immunosuppression to pre-
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“Phage” or “bacteriophage” are viruses thatfeatures of successful programs designed to
infect and kill bacteria. Physicians used them tanfluence physician behavior.
treat human infections in the years between the Past educational efforts have had limited
World Wars, and they were the research projecéffect, partially because not all cases of “over-
of the physician iPArrowsmith.Some scientists use” are as clearly defined as the case of inappro-
believe study of their possible use in a post-antipriately prescribing prophylactic antibiotics. For
biotic era may be justified. example, different interpretations are possible of

While both phage and serum therapy arehe wisdom of giving a prophylactic dose of anti-
sometimes suggested as alternatives to antibiobiotics to the President after his exposure to a
ics, the rapid disappearance of both therapie®w risk of contracting an infection (see box 1-
after the introduction of antibiotics points to their 2). Another example is one type of ear infection
less-than-successful past. These old therapies afgtitis media with effusion). The Agency for
not likely to receive serious consideration unlessealth Care Policy and Research recently wrote

effective antibiotics disappear. a guideline to clarify treatments for otitis media
(not necessarily to promote prudent use of antibi-

Optimizing Antibiotic Use otics) and concluded that:

A comparison of prescription records to verified Meta-analysis for Guideline development

causes of disease shows that antibiotics are often showed a 14 percent increase in the probability
prescribed for viral infections, for which they  that otitis media with effusion would resolve
have no value, and for self-limited infections that when antibiotic therapy was given versus no
would have cleared up whether or not an antibi- treatment....When this small improvement in
otic had been prescribed. Of course, the prescrip- resolution of otitis media with effusion is
tions are often, necessarily, written in advance or Weighed against the side effects and cost of
in the absence of the laboratory testing required antibiotic therapy, antibiotic therapy may not be
to verify causes. While these cases offer evj- Preferable to observation in management of oti-
dence of inappropriate use of antibiotics, many tis medla.W|th effusion in the otherwise healthy
of them are, at least partially, understandable. young child....
Clearly inappropriate, however, is the admin- A physician who elected not to prescribe an
istration of prophylactic antibiotics at times  antibiotic, foregoing the 14 percent increased
greater than two hours before or after sur- probability that the condition “would resolve,”
gery; antibiotics administered at these times might be liable for legal action. Such potential lia-
are ineffective for preventing surgical wound bility might encourage physicians to prescribe
infections. Reducing inappropriate uses shouldantibiotics even when they may not be indicated.
retard the development of antibiotic resistanceThe above guidelines do not instruct physicians to
and over the years, academicians and scientiseonsider the spread of antibiotic resistance in the
have urged better education of physicians abouiecision to prescribe antibiotics, only the cost and
antibiotic use and resistance. risk vs. benefit of the antibiotic to the patient.

A new educational initiative being planned by Some hospitals control drug use by establish-
a number of pharmaceutical companies, théng formularies, listings of approved drugs for
American Society for Microbiology, and CDC various medical indications. Some Denver, Colo-
will produce educational materials encouragingado, area hospitals combined their formularies
more appropriate use of antibiotics. Other orgawith a computerized antibiotic order form that
nizations are making similar efforts. Evaluationrequires physicians to enter the suspected cause
of the success of those efforts could pinpoint thef infection. The system saved the hospitals
items in the educational package that make thmoney, and allowed officials there to change the
most difference. OTA’s 1994 repddentifying formularies when susceptibility tests revealed a
Health Technologies That Worttescribes the new pattern of antibiotic resistance.
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BOX 1-2: The President's Doctor's Dilemma

On June 13, 1995, President Clinton took antibiotics to prevent a possible case of meningitis after
shaking hands with a college student who was diagnosed with the disease (Washington Post, June 14,
1995, page A6).

Meningitis is often caused by Hemophilius influenzae type b (Hib), Neisseria meningitidis, or Strepro-
coccus pneumoniae. A standard textbook (Mandell, Douglas and Bennett's Principles and Practices of
Infectious Disease, 4th Edition, pages 856-857) describes considerations for deciding when prophylactic
antibiotics are necessary after contact with a patient with meningitis. For meningitis caused by Hib, the
textbook states that prophylaxis is indicated for household contacts, and possible for day care contacts,
“...in day care centers that resemble households where children have prolonged contact.” For meningitis
caused by N. meningitidis, the textbook states that “Chemoprophylaxis is recommended for close con-
tacts of the index case, defined as household contacts or close contacts in a closed community such as
a military barracks or boarding school, and medical personnel performing mouth-to-mouth resuscitation.”
For meningitis caused by S. pneumoniae, the textbook states that in one outbreak in a day care center,
chemoprophylaxis “...did not prevent new acquisition of this organism by three children and one family
member. Further studies are needed before chemoprophylaxis is recommended for contacts of
patients....”

Prescribing a dose of antibiotics for the President after he shook hands with someone with meningitis
is an example of individual vs. public health considerations in the use of antibiotics. Shaking hands is a
pretty minor contact; far less intense than those for which the textbook recommended prophylaxis. How-
ever, even the insignificant chance that the President was infected was considered worth one dose of
antibiotics. This illustrates a dilemma about appropriate antibiotic use. The President had the benefit of
the antibiotic preventing a very small risk. The use of the antibiotic might increase the spread of antibiotic-
resistant bacteria. Millions of such cases, justified on similar individual bases, would add together to
increase the risk of spread of antibiotic resistance.

Managed care plans are beginning to employudged by a panel of infectious disease experts,
Pharmacy Benefit Managers (PBMs) to monitorthis computer consultant “chose” the appropriate
pharmacy use. PBMs analyze pharmacy use dagatibiotic 94 percent of the time, as compared to
to control costs and they may be helpful in seta 77-percent rate for the physicians. These sys-
ting guidelines for appropriate antibiotic use. tems require up-front costs with no guarantee

The LDS hospital in Salt Lake City, Utah, that the costs will be recouped. Thus, convincing
developed a computerized antibiotic monitoringhospital administrators to invest in such a system
system, which is part of a larger computerizedn financially strapped times appears difficult,
patient record system that automatically collectslespite the advantages such a system could bring
surveillance data and generates profiles of antibio & hospital.
otic resistance in the hospital’'s bacteria. Clini-
cians enter the results of susceptibility tests intdiagnostic Technologies
the computer which checks to be certain that angore throats, as well as ear aches, are often men-
prescribed antibiotic will work and generates antioned in connection with the overuse of antibiot-
alert when an antibiotic is inappropriate. Anotherics. When a physician sees a patient with a sore
part of the hospital's system is a computerizedhroat, the physician asks about the patient’s
antibiotic consultant, which uses surveillancesymptoms, examines the patient’s throat, notes
data along with information about the site ofthe inflammation, and may swab the throat to
infection and patient allergies to determine thepick up any organisms that are there. If the physi-
best choice of empiric antibiotic therapy. Ascian is like more than 40 percent of all primary
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care physicians, he will begin antibiotic treat-tions to call the office in a few hours to learn the
ment without any more information. This is test results before the prescription is filled (or
partly because of the time necessary for a laboratiscarded). Of course, the patient might have the
tory to identify the bacteria associated with anprescription filled regardless and save it for
illness. another time. The impact of any test will depend
Chapter 6 describes methods currently used te great deal on the interactions between physi-
identify bacteria and to determine their antibioticcian and patient until the results are so rapid that
susceptibility. Methods to determine susceptibil-they are complete before the patient leaves the
ity rely on putting the bacteria into culture media,office.
where the bacteria will grow, and also putting Faster tests may have a marked impact in the
them into culture media with known concentra-diagnosis of tuberculosis so that patients can be
tions of antibiotics. Laboratory personnel thentreated before they pass the infectious disease to
determine which antibiotics and which concen-others. Isolation of the slowly growing Mycobac-
trations of antibiotics inhibit the growth of or kill terium causing tuberculosis requires three to
the bacteria. eight weeks, and susceptibility testing by tradi-
More rapid methods for making diagnosistional methods can add 20 days to six weeks.
might improve the physician’s decisions aboutNew diagnostic tests based on identifying myco-
prescribing antibiotics, but only if the results bacterial DNA are being developed to allow phy-
have high reliability. “Quick strep” tests for sore Sicians to identify Mycobacteria in the sputum of
throats produce results in 20 minutes. If the tespatients within a few hours to a few days.
result is positive, 95 percent of the time the result New diagnostic technologies raise some new
is accurate and strep is present. If the test dodssues. For instance, the DNA test for tuberculo-
not indicate strep, there’s a 20—-30 percent chanc¥#s might be so sensitive that it can detect the
that strep was present, but the test missed iDNA of Mycobacteria already killed or inhibited
Guidelines recommend a follow-up culture forby previous treatment. To act entirely on the test
all negative “quick strep” tests. The result is thatesult might result in treatments that are unneces-
the “quick strep” test probably affects practicesary.
only marginally. All patients with a positive  Tests which directly measure the presence of
“quick strep” test will surely get an antibiotic, an antibiotic-resistance gene in bacteria also
and many with a negative test will get antibioticsbring a new set of considerations. A gene for
as well (at least until the results of a standard cukesistance that is detectable by the new tests
ture assay are available). This result differs littlemight not be “expressed,” and its detection might
from what would likely happen in the absence ofnot accurately predict whether the bacteria will
the test. The test provides an advance in the righte resistant or susceptible. Or a resistance gene
direction, but further advances are necessary. may have undergone a mutation that does not
A strep test that employs DNA methods affect its function, but alters it so that a genetic
reportedly produces results sufficiently accuratd€st might not register the presence of the antibi-
so that they do not have to be verified by stanotic-resistant gene. All these issues are antici-
dard tests. However, the test is so involved thaated in designing genetic tests and bringing
its use will probably be restricted to large practhem to clinical practice.
tices or hospitals. Moreover, it produces results
in a few hours, not in a few minutes. Even if thisPractice Guidelines
test proves to be as good as it appears and it Rractice guidelines are medical protocols that are
adopted where there are large numbers ahtended to assist practitioners in making clinical
patients, it will not produce results during thedecisions. For example, the Agency for Health
course of an office visit. The physician may electCare Policy and Research (AHCPR), a federal
to give the patient a prescription with instruc-agency empowered to establish practice guide-
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lines, encourages health care providers to adoftDA in 1992 and 1993 had a new mechanism of
its guidelines to improve patient care, patientaction, and no antibiotic was approved in 1994.
outcomes, and quality of life. Practice guidelines Antibiotics that depend on “old” mechanisms
that are written to balance patient benefits an@f action can be very useful (and profitable). For
public health effects and that provide specificinstance, cefaclor, a third-generation cepha-
direction about antibiotic use might reduce overlosporin, accounted for 15 percent of a major
use. Nationwide data cannot capture the localPharmaceutical company’s sales when its patent
ized nature of antibiotic-resistant bacteria, but a/§*Pired in 1992. It remains a clinically useful
online computer system linking health care pracdrug, and the company expects to retain a major

titioners in a geographic area could provide thaP2't Of the market for cephalosporins even after

information. Such a system would allow health:]he exp|ratlo?bpft_paten_':hprotectlon. r:n generalfi
care practitioners to consult with specialists in Owever, antibiolics with new mechanisms o

determining the best way to comply with theactlon might be expected to be more successful

ractice quidelines and would also allow healt as therapies against certain antibiotic-resistant
P 9 acteria because no similar antibiotics exerted

care practitioners to enter the specifics of the"bressure for the selection of resistance to them in
cases. the past. Many of the substances currently being
examined as potential antibiotics have novel
[ Designing New Antibiotics mechanisms of action, and some may not foster
In the arms race with resistant bacteria, drughe development of resistance (see chapter 5).
manufacturers have research programs to isolate The isolation or synthesis of a chemical with
or synthesize new antibiotics or to develop derivantibiotic activity starts a long process of evalua-
atives of old ones that have greater antibacteridion in the microbiology lab, laboratory animals,
activity, fewer side effects, or that can be admin@nd ultimately, in humans. At the end of those
istered orally rather than requiring injections.!€Sts; FDA reviews the results and considers
Researchers are continuing to search througBPProving it as a new drug (see figure 1-3). The
samples of soils and other materials rich in molg§ntiré process bet"_vee” discovery anq final
and bacteria, which have yielded many of th approval takes years; frequently a potential drug

existing antibiotics, and they have widened thefalls a critical test—for instance, it is found to

search to include carbohvdrates. proteins anegave toxic side effects—and is discarded. The
. roohy P ’ Isks of toxicity may be re-evaluated against the
steroids from many biological sources. Compa

. , iqating th f mod hemi enefits of an antibiotic, however, if the antibi-
hies are investigating the use of modern chemicgj;. proves useful against a disease with few or

techniques to design new molecules for specifi¢,y other treatments.

purposes. While the payoff from any line of  pparmaceutical firms are largely responsible
research remains uncertain, many small, negr antibiotic research and development, but the
companies as well as the older, established phafederal government supports a small research
maceutical companies are sufficiently confidentprogram aimed at antibiotic-resistant bacteria at
of producing useful products that they are investthe National Institute of Allergy and Infectious
ing in antibiotic research (see chapter 5). Tabl®iseases. In 1994, the institute spent about
1-2 lists some currently used and in-developmer$13 million on that program, and about the same
antibiotics. amount in 1995.

New antibiotics can be divided between those
that are improvements on already-existing drugsAntibiotic Resistance and Markets
which depend on known mechanisms of actionAntibiotic resistance both limits and creates new
and those drugs that have new mechanisms oharkets. Although drugs may lose their efficacy
action. None of the nine antibiotics approved byand market life because of resistance, their slide
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TABLE 1-3: Publications/Articles on Antibiotic-Resistant Bacteria

The problem of antibiotic-resistant bacteria has existed for years, and many articles and publications have discussed
issues surrounding the dilemma. The following is a sample listing of some of them. A full bibliography follows.

Year Author Issue

1959 Finland, et al. Antibiotic use and resistance

1973 Kunin, et al. Problem and solution of antibiotic usage

1979 Buckwold, et al. Antimicrobial misuse

1985 Burke and Levy Worldwide antibiotic resistance

1992 Cohen Epidemiology of drug resistance

1992 Institute of Medicine Emerging infections

1992 Levy The antibiotic paradox

1992 Neu The crisis in antibiotic resistance

1994 Murray Can antibiotic resistance be controlled?

1994 Tomasz Multiple-antibiotic-resistant pathogenic bacteria
1995 CISET Emerging and re-emerging infectious diseases
SOURCES:

Finland, M., et al., “Occurrence of Serious Bacterial Infections Since Introduction of Antibacterial Agents,” Journal of the American Medical Asso-
ciation, 170:2188-2197, 1959.

Kunin, C.M., Tupasi, T., and Craig, W.A., “Use of Antibiotics: A Brief Exposition of the Problem and Some Tentative Solutions,” Annals of Internal
Medicine 79:555-560, 1973.

Buckwold, F.J. and Ronald, A.R., “Antimicrobial Misuse—Effects and Suggestions for Control,” Journal of Antimicrobial Chemotherapy 5:129-
135, 1979.

Burke, J.P. and Levy, S.B., “Summary Report on Worldwide Antibiotic Resistance: International Task Forces on Antibiotic Use,” Reviews of Infec-
tious Diseases 7:560-564, 1985.

Cohen, M.L., “Epidemiology of Drug Resistance: Implications for a Post-Antimicrobial Era,” Science 257:1050-1055, 1992.

Institute of Medicine, Emerging Infections: Microbial Threats to Health in the United States, J. Lederberg, R.E. Shope, S.C.J. Oaks (Eds.), 1992.
Levy, S.B., “The Antibiotic Paradox: How Miracle Drugs Are Destroying the Miracle,” 1992.

Neu, H.C., “The Crisis in Antibiotic Resistance,” Science 257:1064-1073, 1992.

Murray, B.E., “Can Antibiotic Resistance Be Controlled?” New England Journal of Medicine 330:1229-1230, 1994.

Tomasz, A., “Multiple-Antibiotic-Resistant Pathogenic Bacteria—A Report on the Rockefeller University Workshop,” New England Journal of Med-
icine 330:1247-1251, 1994.

Executive Office of the President, National Science and Technology Council, Committee on International Science, Engineering, and Technology
Working Group, Emerging and re-emerging infectious diseases: global microbial threats in the 1990s. (Washington, DC: 1995).

ing and oversight of federal programs and theitSSUES AND OPTIONS FOR PROLONGING

progress are important, no options for such increEFFECTIVENESS OF ANTIBIOTICS
mental changes are presented. For the remainin

issues, OTA proposes one or more options. Sore ISsue A: Surveillance

of these options would involve greater researclf officials decide to design a nationwide surveil-
support by the federal government, and OTAance system, they must resolve many issues
underlines the reasons for such support and, ibefore its implementation. Often, Congress or an
some cases, why it is expected to bring savingexecutive branch agency turns to a commission
in costs. Box 1-3 contains an outline of the issuesr panel to make recommendations, and any such
and options. All of these efforts will have to be group could be instructed to consider the follow-
sustained, as the quote in box 1-4 underlines. ing questions in the design of a national surveil-

lance system.
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BOX 1-3: Conclusions, Issues and Options ‘

The problems caused by antibiotic-resistant bacteria can be ameliorated through the major routes:

1) prolonging the effectiveness of currently available antibiotics through infection control and optimal
use of existing antibiotics, and

2) developing new antibiotics to treat resistant bacteria.
Issues that arise in efforts to prolong the effectiveness of currently available antibiotics:
Issue A: Surveillance

Option 1: Congress could support the establishment of a national surveillance system, including pro-
viding funding.

Issue B: Vaccines
Issue C: Infection control

Option 2: Congress could encourage all States to adopt guidelines for the coordination of infection
control measures between acute care and long-term care facilities and to include all antibiotic-resistant
bacteria.

Option 3: Hospitals should consider instituting antibiotic-use subcommittees in their infection control
committees.

Issue D: Research funding

Option 4: Congress can make money available for studies of the development, transfer, and persis-
tence of antibiotic resistance.

Option 5: Congress can make money available for research into the basic biology of bacteria.

Option 6: Congress can make resources available for the study of appropriate use of devices that
present infection risks to hospitalized patients.

Issue E: Diagnostic technologies
Issue F: Controlling antibiotic use
Option 7: Review Medicare and Medicaid reimbursement policies for their unanticipated effects on
antibiotic prescription patterns.
Issue G: Antibiotics in animal husbandry

Option 8: Collect information about associations between animal husbandry uses of antibiotics and
antibiotic-resistant bacteria in humans.

Option 9: Design a study to determine the sources of antibiotic-resistant bacteria in the human diet.
Option 10: Study the benefits of antibiotic use in animal husbandry.

Issues that arise in efforts to develop new antibiotics:

Issue H: Cooperative research among government, industry, and academia

Option 11: NIH could solicit applications for grants to fund cooperative research between universities
and pharmaceutical firms to discover new antibiotics.

Issue I: Negotiated marketing agreements for antibiotics

Option 12: Congress can provide FDA with authority to negotiate extended market exclusivity to man-
ufacturers that agree to restrictions on marketing of antibiotics.

Issue J: Development of off-patent compounds as antibiotics

Option 13: Congress could authorize FDA to extend market exclusivity for “off-patent” antibiotics that
are shown to be effective against antibiotic-resistant bacteria.

Option 14: Congress could provide research support for a federal program to conduct clinical trials of
antibiotics to determine if they have uses against antibiotic-resistant bacteria.
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BOX 1-4: The Myth of Sisyphus and Antibiotics

“The search for and development of new drugs by the pharmaceutical industry will go a long way
toward conquering the growing microbial resistances to available antibiotics. But there is much more to
be done than merely generating new antibiotics—the pace of which cannot keep up with the microbial

resistance responses....

“The history of antibiotics reminded our student Raul Borbolla of the Greek myth of Sisyphus, the king
of Corinth who, as punishment for his hubris, was condemned by the gods to push a boulder up a moun-
tain, only to have the boulder roll to the bottom, from which Sisyphus had to start pushing again. Again
the boulder would roll to the bottom, and the cycle was repeated into perpetuity. The rational and con-
trolled use of antibiotics may prevent medicine from facing Sisyphus's fate.”

SOURCE: C.F. Amabile-Cuevas, M. Cardenas-Garcia and M. Ludgar (1995), American Scientist 83:320-329.

Which antibiotics and organisms will be
included in the systemPhere are more than
100 different antibiotics and many possible*
organisms, and it will be impossible to main-
tain surveillance of all “drug-bug” combina-
tions. Some regional adjustments might be
considered because of geographical variations
in antibiotic usage.

How many hospitals and laboratories will
participate in the systemW/ill all participate,

or will a representative sample of hospitals
and laboratories comprise the network?

What kinds of laboratory-determined data will
be incorporated into the systerfiis will be a
major issue in any surveillance system for
antibiotic-resistant bacteria because of the
variety of techniques already available and the
major changes in diagnostic technologies that
are now underway.

How will the system assure the quality of test
results?Would the surveillance system collect
raw data as WHONET does? Or insist on use
of standard guidelines to interpret the data?
Who would develop the guidelines? How
would results from genotypic tests, which
directly measure the presence of a gene for
resistance, be compared to phenotypic tests,
which measure the ability of the bacteria to
survive in the presence of an antibiotic?

Who will haveaccess to the syst@mwill

panies and private computer owners, be able to
gain entry to the system?

Would banking of samples be part of the sys-
tem?Some small, currently operating systems
collect and bank some bacterial samples to
allow rechecking of identification. Would
pharmaceutical companies be provided access
to banked samples to test new antibiotics?

Will hospitals link pharmacy records, patient
data, and laboratory informationThis link-

age would be ideal, because it would allow
researchers to correlate data about the effect of
antibiotic usage and resistance directly and to
correlate clinical outcomes with test data.
Should the system be extended internation-
ally? Antibiotic-resistant bacteria travel from
country to country, posing an international
problem. Therefore, it may be in the best inter-
est of the U.S. to include other countries in a
surveillance system. How would this be done?
What role would surveillance system person-
nel take in training of hospital personnel to
use the results of the surveillance systdme
success of the system will depend on the use
that is made of its results, and system person-
nel may have to devote some time to make
sure the results are well used.

The cost of the system will have to be consid-

ered. The more complex the system, the more it
will cost. However, some successful surveillance

access be restricted to the medical communitysystems, such as WHONET and the New Jersey
or would others, such as pharmaceutical comState System, have been built on very small bud-
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gets. The CDC estimates that bringing theirgroup that includes diagnostic laboratory and
DRSP system to each state would require startomputer experts, clinicians, hospital administra-
up costs of about $200,000 for each state, for #ors, pharmaceutical company researchers, aca-
total of $10 million and annual operating costsdemic scientists, and federal and state regulatory
between $2.5 and $5 million. If a surveillanceand health officials. The advisors could work to
system prevents even 1 percent of infectiongssure that the surveillance system collects and
caused by antibiotic-resistant bacteria (whichdisseminates the information in the forms for its
OTA estimates cost a minimum of $1.3 billion best use.

per year in 1992 dollars), the system would pay

for itself. [ Issue B: Vaccines

An alternative to surveillance systems is a“I'he biotechnology revolution is expected to pro
program to investigate outbreaks of infectious 9y P P

diseases as they are reported. A difficulty withduce many new potential vaccines. This would

the alternative is that in the absence of a surveilt—)e a Welcczimde ch;';mge f;(t)mfthe Slr?:N rates ofn((j;s_:[
lance system, not all cases will be reported tGOVery and development of recent years, and |

health officials. According to CDC, 27 iIInessesWIII be”‘?f't from and may, md_eed, require new
caused byE. coli 0157:H7 were confirmed in mechanisms for vaccine testing, development,

New Jersey in June 1994, compared to five caseaé"d approval. If this effort is successful, effective

in the same period in 1993. This “pseudo-out-vaccmes would reduce the need for some antibi-

break” as CDC called it. resulted from betterOtiCS and would, therefore, help control antibiotic

reporting as a result of institution of a surveil- reS|stanC(_a.

lance system that required laboratory testing of 1n€ Private sector conducts much of the cur-
some clinical laboratory samples for tBecoli rent vaccine research, but current federal policies
It illustrates that many opportunities to intervene/®Strict the income from vaccines sales, and that

and disrupt transmission of infectious disease§'@ inhibit research activities. To provide low-
can be missed without a surveillance system. Ncome Americans with vaccines, the federal

government now purchases up to 80 percent of
Congress could support the establish- all vaccines at a f|>'<ed, low price. GAO, however,
ment of a national surveillance system, including pro- r'eports that the p“c_e O_f vaccines for children has
viding funding. little effect on vaccination rates, largely because
_ . _ poor children are entitled to free vaccine. As
A surveillance system is essential for undercongress considers the Vaccines for Children
standing the spread of antibiotic-resistant bacteprogram, it can be expected that vaccine manu-
ria and planning interventions so as to preservgcturers will argue that the price cap and
the efficacy of currently available antibiotics. reduced profits have created an adverse effect on
Because of these public health consideration;ew vaccine development. Determining the
and the likelihood that a surveillance systemimpact of the price cap on research could be an
would decrease medical costs, including costs tobjective of the congressional inquiries.
Medicare, Congress could consider funding a GAO describes efforts that have fallen short in
nationwide surveillance system. reaching various federal goals for immunization
The features of current, limited systems can beates. Although Medicare pays for the adminis-
incorporated and combined to produce a systermation of pneumococcal vaccine to the elderly,
of desired size, complexity, and cost. It may ber3 percent of them have never received it. That
advantageous to begin with a less complex sysand other observations made by GAO indicate
tem (such as some of the operating systemthat there is much to be done to increase vaccina-
described in this report), and then add more feaion rates, and the reports make some
tures. Any system must have a strong advisorguggestions.
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Encouragement of adult vaccination deservesnandatory and it collects no data on antibiotic
special consideration in light of changes aroundesistance. Nevertheless, it provides information
the world. Currently, diphtheria is epidemic in for research efforts, and it can be expanded.
Eastern Europe, and as many as 50 percent of With recent changes in the health care system,
United States adults over 30 are susceptible tbospitals discharge many patients more quickly
that disease because they have not had immurthan in the past, and many patients are moved to
zation booster shots. Since 1988, the few conlong-term care facilities. Some of these patients,
firmed cases of diphtheria in the United Statesvhen discharged to the long-term facilities, have
have been related to importation of disease fromactive infections or are at high risk for infection
other countries, illuminating the international because of indwelling invasive devices such as
nature of the spread of infectious diseases, whicbatheters or intravenous lines or because they are
can include those caused by antibiotic-resistamin dialysis. Further, the large concentrations of

bacteria. antibiotics used in these facilities (like the large
concentrations used in hospitals) selects for the
[11ssue C: Infection Control emergence and spread of antibiotic-resistant bac-

S | dical techni d devi teria, as is demonstrated by the high prevalence
everal new medical techniques and devices alg \ipsa iy nursing homes. Patients infected

designed to reduce infections, and private Organl?vith antibiotic-resistant bacteria in nursing

zations, such as insurance companies and hOSFHbmes frequently return to the hospital, where

tals, _ha"9 a _flnanC|aI Incentive to InStItUtethe antibiotic-resistant bacteria can spread
effective infection control procedures that Can]&:rth er

save money, reduce hospitalization rates, an

help control antibiotic-resistant bacteria. The, RIEEEIl Congress could encourage all states to

government, acting as an insurer through Medl:adopt guidelines for the coordination of infection con-

Care_and Medicaid, may also have an I_mereSt Il;}ol measures between acute care and long-term care
funding research to develop new techniques an5':rijzcilities and to extend guidelines to include all antibi-
methods and to apply them. otic-resistant bacteria.

Some devices and techniques that reduce
infection rates are available, and their adoption Many state health departments have recog-
has been demonstrated to reduce in-hospital tim@Z€d the problems of transfer of MRSA between
and costs. Most importantly, the patients benel'0SPitals and long-term care facilities and have
fited from fewer hospitalizations. Nevertheless,Published extensive guidelines for coordination
adoption of such improvements may hinge orP! the admission, discharge and transfer of
events as distant as Medicare reimbursemerll\('RSA'CC"On'_Zed patients between two facilities.
procedures. Medicare reimburses dialysis centef/ider adoption of these procedures should
and hospitals separately, and there is no financidFduce the transmission of infections caused by

incentive for dialysis centers to invest in theseant_ibioti_c-resistant bacteria _(and other bacteri_a)
new technologies. while simultaneously lowering costs and opti-

The Joint Commission for the Accreditation mizing patient care.

e A e KRN o s o s
hospitals on a voluntary basis, with about 4ooantibiqtic-use subcommittees in the infection control
hospitals now participating. Analysis of these Ommitees.

data may be a very useful tool in understanding Every hospital has an infection control com-
the differences between successful and not-sanittee. Assigning a subcommittee responsibility
successful infection control in hospitals. Thisfor monitoring antibiotic use and relating that use
program provides limited information; it is not to the spread of antibiotic-resistant bacteria
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would focus attention on these problems andul in understanding bacterial growth and patho-

bring them to the attention of hospital staff. genesis.
The amounts of federal money spent on non-
O Issue D: Research Funding AIDS research have not increased in parallel

The current federal belt-tightening era has proYith the increasing inroads being made by antibi-
duced a reluctance to commit New SuMs optic-resistant bacteria. For instance, the federal

money to research, which may make it necessar%ovemment gave CDC a $6.7_m|II|on increase in
non-AIDS budget specifically to combat

to transfer money from other research areas o> . ) . .
o . ?merglng infectious diseases. However, only
support research related to antibiotic-resistan

. . - . about 10 to 15 percent of that money will be used
bacteria. Such decisions are difficult, but without or antibiotic resistance, and it is unclear how

additional research support, the country may fal uch of that amount will be used for research.

furt.her behind .|n trying to counter am_'b'Ot'C' Relatively small increases, a few million dollars
resistant bacteria. One consequence of increasg ihe total federal budget directed at antibiotic-
support of such research will be the training ofogistant bacteria, could produce a marked

scientists and physicians in skills necessary tghcrease in the amount of research being done.

teach others the newest methods in research and

in the application of research findings. Congress can make resources avail-
able for the study of appropriate use of devices that

Congress can make money available for  present infection risks to hospitalized patients.

studies of the development, transfer, and persistence

of antibiotic resistance. Many nosocomial infections result from the

use of invasive devices such as catheters and

Scientists understand the basic principles ofmechanical ventilators, often routinely used in
the emergence and spread of antibiotic resistanggtensive care units. There is little research about
and of the genetic transfer of resistance betweefjhen such devices improve outcomes. Such
bacteria, but they do not have enough details teesearch will probably not be funded by manu-
predict how the patterns of use of antibiotics willfacturers that benefit from the sales of equip-
affect the prevalence of resistance genes. Fanent. Learning about the risks and benefits of
example, restricting the use of an antibiotic ofterthese devices may depend on government fund-
leads to a decrease in the prevalence of antibioting. This information would guide decisions
resistance. That would appear to pave the wagbout when to use these devices, probably reduc-
for reintroducing the antibiotic, but it is uncertain ing their use (and associated costs) and reducing
what will happen when the antibiotic is reintro- infection rates.
duced because the time course for the reappear-

ance of resistance is unknown. [J Issue E: Diagnostic Technologies

The most powerful weapon in the arsenal
directed at antibiotic-resistant bacteria are tech-
niques for the rapid and accurate identification of
The molecular organization and function andbacteria and determination of their susceptibility
the biochemistry of bacteria differ from those ofto antibiotics. New techniques are necessary.
animal and human cells, and pharmaceuticalVhen available, they will provide the most cer-
companies have exploited those differences iain information for appropriate antibiotic use.
developing antibiotics. Basic research directed at The lack of rapid in-office methods to screen
better understanding of bacterial biochemistryfor and to identify bacteria and to characterize
may reveal new targets for antibiotics; in anytheir antibiotic-resistance patterns probably rein-
case, it will produce information that will be use-forces physicians’ tendency to prescribe broad-

[e]z4i[0]Yll Congress can make money available for
research into the basic biology of bacteria.
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spectrum antibiotics for presumed bacterial The term “service labs” is generally used to
infections. As quicker tests become availablerefer to laboratories in hospitals or to commercial
some of which are likely to be quite simple tolaboratories that identify and characterize bacte-
perform and present few problems in interpretafia and other infectious organisms. In a draft
tion, more conflicts are expected between theeport about a new surveillance system for anti-
provisions of the Clinical Laboratory Improve- biotic-resistantS. pneumoniag(see option 1),
ment Act (CLIA) and physicians’ desires to useCDC states that laboratories may not be using the
the new tests. CLIA requires that physicians regmost up-to-date standards. CDC suggests that the
ister their offices and fulfill (largely record-keep- National Committee for Clinical Laboratory
ing) requirements in order to carry out laboratoryStandards (NCCLS) guidelines could be pub-
tests. One solution to the conflict is to excusdished in theMorbidity and Mortality Weekly
physicians’ offices from CLIA, and legislation Report(tMMWR)and as letters to clinical labora-
has been introduced to exempt clinical laboratotory journals to inform both physicians and labo-
ries in physicians’ offices from having to comply ratories about appropriate standards. This seems
with CLIA regulations. a reasonable step. Since CDC publidiiésWR
Another way to improve the use of diagnosticit should be able to disseminate the guidelines
tests in physician offices would be encouragethrough that publication.
ment of manufacturers to develop test kits to New diagnostic technologies, such as those
meet the performance specifications for product®ased on DNA identification, have advanced rap-
in the “waived” category of tests under CLIA. idly, but regulatory procedures have not kept
This would preserve the positive effects ofabreast of the new technologies. This slow pace
CLIA. For example, CLIA has had a positive has resulted in conflicting signals about the use
effect on the way tests are manufactured: mangf the tests, which can be illustrated by the case
currently waived tests contain built-in controls toof tuberculosis diagnostic tests. The public health
comply with CLIA. These controls make it easierbenefits of rapid and specific diagnostic tests
for the person performing the test to determinanclude reducing the transmission of tuberculosis
whether it has been performed correctly. CDCthrough optimal use of the few beds reserved for
which determines the categorization of testduberculosis patients and the better treatment of
under CLIA, has already taken steps in this direcinfected individuals, reducing unnecessary use of
tion by sending a letter to manufacturers toantibiotics and the resulting selection for resis-
inform them of the possibility of including their tant bacteria. Many hospitals in areas with high
tests in the waived category and outlining thetuberculosis rates currently rely on DNA diag-
requirements for tests in this category. Groupsostic tests for these applications.
such as the American Medical Association could Despite the great advantage in speed and the
determine which tests are most useful for physieurrent use of such tests, CDC and the FDA have
cian offices and work together with the manufac-advised that physicians should use conventional
turers and CLIA administrators to provide testsmethods untii DNA techniques are better
suitable for the waived category. defined. Even so, conventional tests are not with-
With no action taken at all, potential conflicts out problems. Culture tests for tuberculosis are
between physicians’ desires to carry out in-officedifficult to perform accurately and obtaining
tests and CLIA will diminish. Over the next few reproducible results is difficult. Also, different
years, group practices that develop sufficient tedesting laboratories have produced conflicting
volumes to require comprehensive laboratoriesesults in measuring susceptibility to the tubercu-
will seek CLIA approval as a matter of course.losis drug pyrazinamide, demonstrating that con-
Smaller offices, however, will persist in rural ventional tests are not without problems.
areas, and CLIA may be more of an issue in Even in the absence of a CDC approval of the
those locations. new DNA-based tests, some private insurers will
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pay for them. However, tuberculosis is a diseasencouraging the use of antibiotics because a
that disproportionately affects poor people, andjuideline which admits any benefit of the use of
Medicare and Medicaid coverage of these proceantibiotics for a specific illness may be used as
dures would improve those people’s access tevidence against a physician who chose not to
these methods. Such coverage would result iprescribe antibiotics.
health benefits of prompt treatment and reduced Hospitals use formularies to restrict the num-
transmission of tuberculosis to health care workber of antibiotics available and that can require
ers and the community. approval by an infectious disease specialist for
To date, the FDA has not approved a kit foruse of some antibiotics. A 1994 review of these
tuberculosis testing. However, some service labrestrictive measures documented reduced
oratories perform tests using devices of their owexpenses for antimicrobial acquisition and
making or devices that are licensed for researchdministration, reduced adverse drug reactions in
but not clinical applications. There are, howevera limited number of cases, and improved appro-
no guidelines for proficiency testing of laborato- priateness of drug choice. It also found disadvan-
ries. The adoption of guidelines for ensuring protages, including difficulties of implementation in
ficiency testing of laboratories performing newthe community hospital setting, inconvenience
tests should be a priority of government organifor the prescribing physician, and increased
zations such as CDC. In this way, access to angdministrative costs. Antibiotic control programs
quality of new diagnostic technologies can bewere associated with a decrease in antibiotic
maximized. resistance in a few hospitals, but disappointingly,
Service labs are likely to face these difficultiesthe resistance increased “abruptly when control
for many tests. Some bacteria are so rare that ner monitoring was relaxed or removed.” This
test kits will ever be made to identify them; thephenomenon suggests that permanent control or
market is too small. But microbiology service monitoring is necessary for prolonged decreases
labs will devise their own tests, and those testi antibiotic resistance.
will raise many of the same issues as the issues Change of at least one federal policy might
raised by new tuberculosis tests. reduce the use of vancomycin, the antibiotic of
last resort in some infections.

[ Issue F: Controlling Antibiotic Use ' ' o
Numerous organizations, including state and feK&UCINMl Review Medicare and Medicaid reim-

eral agencies, insurance companies, and healﬁlilrf%,'m?m polic.ies' for their unanticipated effects on
. . antibiotic prescription patterns.
professional associations, have developed prac-
tice guidelines that address a range of clinical Medicare generally does not pay for intrave-
conditions. Practice guidelines might influencenous medications in the home but does pay for
the use of antibiotics. medications that require the use of an infusion
For example, a physician considering whethepump. This policy has caused some physicians to
or not to prescribe an antibiotic may decide to dgrescribe vancomycin, which requires the use of
so because of a possible malpractice action if han infusion pump and therefore is covered under
or she does not and the patient fails to improvethis policy, rather than other antibiotics that are
The physician might want to rely on a practicenot covered. This policy runs counter to CDC’s
guideline as an authority for the decision he orecommended judicious use of vancomycin.
she made, but it might not be sufficient defense&Should Medicare change this policy, it may also
in a malpractice suit. Currently, the use of pracinfluence private insurers to consider unantici-
tice guidelines in medical malpractice litigation pated effects on antibiotic prescription patterns,
is a complicated and controversial issue. Moreand there may be other examples of policies hav-
over, guidelines may actually have the effect ofing such undesirable effects on antibiotic use.
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[J Issue G: Antibiotics in Animal contribute 2 (or 5, or 10) percent of the antibi-
Husbandry otic-resistant bacteria in humans?”

The overriding uncertainty about agricultural ©One possible outcome of the scientists’ delib-
uses of antibiotics is their contribution to antibi- érations would be the conclusion that the study
otic-resistant bacteria and to complications in th¢©uld not provide any certain information. FDA,

treatment of human diseaségears of expert N making comments on an earlier draft of this
review testify to the difficulty of coming to any ~ '€POrt, said it is convinced that such a study can-
generally accepted conclusions about the MOt be done, and OTA's 1993 assessment
effects of long-term, low-level feeding of anti- Researching Health RiskBscusses the difficul-

biotics to food animals and the appearance of ties of investigations of environmental health
antibiotic-resistant bacteria in humans (see '1Sks; some of those are applicable here. A deci-
chapter 7), and it is unreasonable to expect SION that the study would not answer the ques-
that another review of existing data would tions could be accompanied with advice about
provide resolution. The following three options, What new techniques might alter the decision in

if adopted, would provide for the collection of the future.
new information. Importantly, however, careful f this study were undertaken, a study of gene

analysis needs to precede any study because itff@nsfer from bacteria from food animals to bac-

quite possible that no study can produce informa_t-e”a_ important to human health could be built

tion sufficiently definitive to justify the expense INtO It

of the study, and that analysis would have to

involve agricultural interests, pharmaceuticalllQZCINMl Design a study to determine the

companies, farmers, farmers organizations, pul°urces of antibiotic-resistant bacteria in the human

lic health officials, environmental organizations,d’et'

organic food processors, and scientists from all A study to investigate the sources of antibi-

those organizations as well as universities angtic-resistant bacteria need not be so demanding.

the government. All have a stake in any studyit could be designed to collect a sample of mar-

about antibiotic use in animal husbandry. keted foods, isolate bacteria from the foods, and
characterize their antibiotic resistance. The char-

Collect information about associations  acterization could be done at the molecular level

between animal husbandry uses of antibiotics and to determine the source of the bacteria.

antibiotic-resistant bacteria in humans. The successful completion of this study would

Any serious study of the risks from animal be informative about the levels and perhaps

husbandry uses of antibiotics will require thesSources of antibiotic-resistant bacteria in com-

expertise of epidemiologists, and many of thosdnon food§. That information ml_ght lead to inter-

scientists are at the CDC. Congress could pro\_/entlons in some food handling processes to

vide money to CDC to convene a group of scien€duce bacterial contamination, and it might lead
to consumers’ being more careful in food prepa-

tists to examine the prospects of designing a

study about the transfer of antibiotic-resistan ration. On the other hand, since it is well-known
y : ~~ _ that food poisoning is a risk and people take pre-
bacteria from animals to humans. The scientists

. _ _ ) ““¢autions against it, the information about transfer
representing all the interests involved in this

: ) ) of antibiotic-resistant bacteria might have no or
issue, would be required to estimate the cost angl, «tfects on behavior.

time necessary for the study and the size of the
impact that they can detect. For instance, would
it be possible to design a study to answer the
guestion: “Does agricultural use of antibiotics
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eIZIIeIYMl Study the benefits of antibiotic use in  companies in antibiotics indicate that they now
animal husbandry. see opportunities in antibiotic development (see

Reviews of the information about health P9X1-5), but consolidations and purchases of
impacts of antibiotic use in animal husbandrypharmaceutlcal firms have also reduced the num-

often point to possible risks. Statements abou€r and size of research departments and the
risk are often countered by claims that the beng?umber of industry-employed scientists devoted
fits of continued use of antibiotics for growth to antibiotics.
promotion outweigh the risk, and farmers’ con- Because of the importance of drugs to public
tinued use of subtherapeutic doses is offered dalth, Congress has provided assistance and
evidence for those benefits. incentives to pharmaceutical companies, includ-
An analysis of written information could ing tax credits for research, increased patent life
probably determine the costs of the antibiotics ifo compensate for the years of patent protection
feeds. It might also be possible to determine théost to regulatory delays, a commitment to more
benefits of their use from the literature. Morerapid review of new drug applications at the
likely, however, some feeding experimentsFDA, and active technology transfer of drugs
would be necessary to make quantitative deterdeveloped in whole or in part by government sci-
mination of the benefits as measured byentists. These tax, patent and research and devel-
increased yields. This information about beneﬁt&‘opment policies are discussed in chapter 5 of this
could be considered in efforts to sort out thereport, and in detail in the 1993 OTA report
costs and benefits of subtherapeutic doses @narmaceutical R&D: Costs, Risks and
antibiotics. Rewards. Here OTA considers four options
directed specially at antibiotics.

ISSUES AND OPTIONS FOR
ENCOURAGING DEVELOPMENT [ Issue H: Cooperative Research Among
OF NEW ANTIBIOTICS Government, Industry, and Academia

Until recently, new antibiotics haq been de\_/el'The National Cancer Institute (NCI) has funded
oped at such a rate that no bacteria were resistait, \ ..o cooperative Drud Discovery Pro-
to all of them. Today, this is no longer true. P 9 y

Manufacturers develop antibiotics in anticipa-gram since 1983. '!'he program _SOI'C'tS applica-
tion of markets and profits. In the 1980s, thet'ons from cons.ortla of umyersﬂy researchers
market was saturated with more than 100 antibid"d Pharmaceutical companies to search for new
otics, which reduced the profit to be expecteoanti-cancer drugs. The awards are limited to the
from yet another entry in a crowded field. SUPPOrt of pre-clinical research. Generally, the
Although research and development expendip“nc'pal investigator is from a university with
tures in pharmaceutical companies greaw:o—principal investigators from industry. While
increased in the 1980s, the percentage dghe research can take different directions, it gen-
research and development devoted to anti-infecerally involves university researchers doing basic
tives decreased. Because of the long times nece&search, and industry scientists developing
sary for discovery, testing, and development ofnethods for widespread application of the
new drugs, the decisions in the 1980s account ifesearch methods. Through the end of 1994, NCI
part for the shortage of new antibiotics in thehad invested about $100 million in this program,
1990s. Reports of pharmaceutical companies himnd several compounds discovered in the pro-
ing new senior-level scientists for antibiotic gram-sponsored research have entered clinical
research and the interest of many biotechnologtrials.
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BOX 1-5: Industry-Funded Cooperative Research

“The Action TB Initiative is an international 5-year programme of collaborative research sponsored by
Glaxo. The ultimate objective from Glaxo’s point of view is to discover ways to produce new anti-tubercu-
losis medicines and vaccines....

“In the UK, an ambitious research programme is being pursued under the initiative at centers in Lon-
don and Birmingham, and scientists at Glaxo are conducting their own research in collaboration. In South
Africa, the Medical Research Council is coordinating research programmes at various institutes through-
out the country. At the London School of Hygiene and Tropical Medicine, a wide-ranging programme was
initiated in July, 1993....

“Apart from the scientific progress achieved already, tangible benefits for the London School have
included laboratory renovations and the appointment of new staff. The three project supervisors in Lon-
don each have their counterpart at Glaxo, and the scientist-to-scientist collaborations are deemed valu-
able. At this juncture skeptics might reasonably ask ‘what'’s in this for the company?’. Clearly short-term
goals have been eschewed, but as a public relations exercise the initiative is unquestionably a success.
Moreover, Glaxo has by this means secured an impressive array of medical research expertise to
sharpen its competitive edge. Although not all academic researchers would feel comfortable with such
an arrangement, as an example of an effective partnership between the pharmaceutical industry and
academic health sciences it has much to offer.”

SOURCE: Lancet (May 13, 1995)

elz3alelYll \/H could solicit applications for grants ~ amount spent by NCI on its Cooperative Drug
to fund cooperative research between universities — Discovery Program. To set up an expensive anti-
and pharmaceutical firms to discover new antibiotics. biotic discovery program would require diverting

The National Institute of Allergy and Infec- funds from other research programs. This may

tious Diseases (NIAID) could develop a similarnN0t be the optimal use of limited government
program for antibiotics. Such an effort would funding for research, especially in light of basic

have the advantages of forging relationshipgeSearch needs for which industry support is

between university and industry researchersinlikely (see Issue D).
increasing the speed of dispersion of “academic”
ideas to industry, and producing a community ofl Issue |: Negotiated Marketing
university-industry research groups that couldAgreements for Antibiotics
speed up drug discovery. Moreover, such joinfA pharmaceutical company that discovers and
research activities would quickly deliver promis-develops an antibiotic that is effective against
ing substances to pharmaceutical company scieparticularly troublesome antibiotic-resistant bac-
tists who could evaluate them against criteria foteria as well as against many other bacteria might
pharmaceuticals: penetrability, toxicity, specific- be willing to restrict its marketing to use against
ity, and bioavailability. the antibiotic-resistant bacteria in exchange for
There are disadvantages as well. It is unlikeljjonger market exclusivity. The trade-off, simply
that additional money will be provided to NIAID put, is that 10 years of a protected market might
in the near future, and in FY 93, NIAID spent generate as much profit as five years of higher,
about $10 million on research directed at antibidess-restricted sales that resulted in faster devel-
otic resistance, which is about the average annualpment of antibiotic resistance.
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Congress can provide FDA with author-  [11ssue J: Development of Off-Patent
ity to negotiate extended market exclusivity to manu-  Com pounds as Antibiotics

facturers that agree to restrictions on marketing of Many chemical compounds were discovered and
antibiotics. .
patented but never developed as pharmaceuticals
Usually, a drug enjoys an exclusive marketfor various reasons. For instance, a substance
until its patent protection expires. The exclusiv-with antibiotic activity might not have been
ity means that generic compounds that are identbrought to market because it was no better than
cal to it cannot be marketed. Congress hagarketed antibiotics against susceptible bacteria
granted FDA the authority to extend the length ofyr pecause it was somewhat more toxic than mar-
exclusivity under certain conditions when a maneted antibiotics. In screening materials for anti-
ufacturer shows that its product is safe and effegsiotic ~ activity against ~ antibiotic-resistant
tive against a new indication. Congress couldy,cteria, companies often re-discover such old
extend the same authority to FDA t_o negotlatqzompounds_ Although they might appear promis-
agreements for extended exclusivity in exchanggng because of activity against antibiotic-resis-

for restricting marketing to uses against particuy, o+ hacteria. no company will do the research

lar antibiotic-resistant bacteria or against dis-y development necessary to bring them to mar-
eases likely to be complicated by antibiotic-

: . ket because patent protection is or soon will be
resistant bacteria.

The advantage of such an action could pdo"e

longer effective usefulness of the antibiotics.th Q‘S 22 re]zag]rp;)% fuf]'tdl[(c) ?nC;?kleSt %ntﬁgtﬁﬁ“ecd
Moreover, FDA authority to negotiate such W v ug : :

arrangements would leave pharmaceutical ComStates but that has been used in other countries,

panies free to consider different marketing strate"cluding Canada, for years. It is used in the

gies and to choose the most beneficial one ifféatment of MRSA in other countries, but its
terms of profits, public relations, or other factors.Manufacturer perceives that the return on invest-

Extended exclusivity would not preclude Mentwould be too low to warrant pursuing clini-
another company'’s efforts to develop antibioticsc@l trials for use against MRSA in this country. A
for similar conditions. If the other company pro- licensing agreement with a United States firm
duced a comparable or better drug, the comparizces a similar obstacle; if the trials were suc-
with the extended exclusivity might see itscessful, any other company could manufacture
potential profits disappear. and sell the off-patent substance, greatly reduc-

Physicians commonly prescribe drugs “off-ing the opportunities for the foreign-United
label” for indications other than those approvedStates company venture to recoup its losses and
by the FDA and that could weaken the restrictednake a profit.
marketing program. On the other hand, exclusiv-
ity extensions could include provisions to allow JeIfle]Mll Congress could authorize FDA to
FDA to be certain that companies with suchextend market exclusivity for “off-patent” antibiotics
agreements not sponsor research or research disat are shown to be effective against antibiotic-resis-
semination activities that would promote suchtant bacteria.

off-label uses. Such legislation might result in pharmaceuti-

An examination of how such a system might | o’ forret ¢ effecti tibioti
have affected the sales of, and the developmer;iifgl companies: Terreting out effective antibiotics

of resistance to, antibiotics that are no longer of °M the thousands that have been patented, but

clinical use because of resistance would infornit Would leave FDA with the difficult problem of

any congressional decision about this optiongeciding when the advantages of an antibiotic

While pharmaceutical companies might be will-Justified the granting of exclusivity. Market
ing to fund the analysis, public funding might be®xclusivity is one privilege granted under the
necessary for a credible study and results. orphan drug law, and it is possible that antibiot-
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ics that are effective against antibiotic-resistanested in paying for the clinical trials necessary to
bacteria would meet the requirements of ardemonstrate that the drug is useful because it

orphan drug. could not expect to reap sufficient profit from
sales of a generic drug.
[@/Jl[e)M Congress could establish a federal pro- A federal program could be established to

gram to conduct clinical trials of antibiotics to deter- conduct such trials. The advantage would be the
mine if they have uses against antibiotic-resistant jdentification of useful antibiotics. The disadvan-
bacteria. tage would be the shouldering of clinical trial
An antibiotic that is off-patent and manufac- costs, traditionally the responsibility of pharma-
tured generically could be reported to be activeceutical companies, by the government. More-
against infections caused by antibiotic-resistanover, it is possible that such a program, as any
bacteria. No company, however, would be interresearch program, might have no successes.
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any of the organisms living around, protozoa, plants and animals, they have no inter-
on, and in human beings are too smallnal membrane (the nuclear envelope) separating
to be seen without a microscope.their genetic material from other components of
They include viruses, bacteria, fungi, the cell (figure 2-2). Bacteria differ from eukary-
and protozoa (figure 2-1). otes in having some molecular structures and
Viruses are short lengths of genetic mate-biochemical processes that are absent from
rial—deoxyribonucleic acid (DNA) or ribonu- eukaryotes or that differ in significant ways from
cleic acid (RNA)—enclosed in a protein coat. Sothose of eukaryotes. Most antibioticsork by
small that they have no room for the structuresnterfering with a structure or process that is
and processes for the biochemistry of their replipresent in bacterial and not in other cells. This
cation, viruses are obligate internal parasitesselectivity accounts for the rarity of serious side-
They must invade cells—human, animal, planteffects associated with most antibiotics; the
or bacterial, depending on the virus—take ovedrugs find no good targets in human (or other
the cells’ genetic apparatus, and direct the bioeukaryotic cells) and cause few effects there.
chemistry of the cell to produce viral nucleic acidFigure 2-3 illustrates the differential effects of
and protein and package them into new viruses. penicillin on animal cells, which do not have cell
Bacteria, the single-celled organisms that arewalls, and bacteria, which do, and a photo shows
the subject of this report, carry the structures anthe destruction of a bacterial cell by penicillin.
functions necessary for their replication in theirAntibiotics have no effect on viral infections
cytoplasm. They generally are about one thouviruses use the molecular structures and func-
sandth of a millimeter wide and nearly 500 timegtions of the infected cells and viral-infected cells
smaller than the average animal cell (Watson ebffer no targets for antibiotics.
al., 1986.). Bacteria are classified mokary- Fungi andprotozoa are eukaryotes. Antibiot-
otesbecause, unlikeukaryotes,such as fungi, ics have no effect on most of these microorgan-

1 OTA uses the term “antibiotics” to refer to substances that kill or inhibit the growth of bacteria. It is sometimes used to refer to sub-
stances that kill or inhibit organisms other than bacteria, but it is used here only to refer to substances with antibacterial activity.
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BOX 2-2: Antibiotic Use by Ancient Civilizations?

Perhaps unknowingly, earlier civilizations may have benefited from antibiotics. Bassett, Keith, Armelagos, et
al. (1980) found evidence for the antibiotic tetracycline in the bones of Nubians who had been buried between
350 and 550 A.D. Streptomycetes, the bacteria from which many antibiotics are derived, are common in the
Nubian Sudanese desert, and it is to be expected that the bacteria would have been picked up when the Nubi-
ans harvested grain for bread and beer. Conditions in grain storage bins would have favored the growth of the
Streptomycetes, which could have been the source of the antibiotic. Drawing upon other information, Bassett et
al. state that infectious disease rates were low among this population of Nubians. Regardless of the details, this
evidence indicates that humans have interacted with antibiotics from well before 1928.

SOURCE: E.J. Bassett, M.S. Keith, G.J. Armelagos, et al. 1980. “Tetracycline-labeled bone from ancient Sudanese Nubia.” Science
209:1532-1534.

guantities to be released to the Armed Forces tepinal cord), formerly a death sentence, was
treat wounded servicemen as well as those wittreatable; prolonged, dangerous, and only-some-
diseases. Early production methods includedimes-effective treatments for syphilis and gon-

growing hundreds of cultures of Penicillium in orrhea were replaced by injection or ingestion of
glass bottles (sometimes milk bottles were usedpn antibiotic. According to Schlessinger (1993),

collecting the culture broth, and purifying, con-the use of antibiotics, along with nutrition and

centrating, and packaging the penicillin for ship-health education, increased the median lifespan
ment. The collection of the penicillin-containing by eight years, from 62 to 70 years, between
culture medium could be done with devices asi935 and 1955. (There has been little change in
simple as a metal trough and a milk can. Curmedian lifespan since 1955.)

rently, the growth (fermentation) of the organ-

isms that produce penicillin and other antibioticsD The Limits of Antibiotics

is done in automated factories and with much

higher efficiencies than were possible in theAntibiotics can fail to cure an illness because the
1940s. bacteria are intrinsicallyesistant toward the

By 1944, penicilin supplies were large drugs or because they acquiegsistance Resis-
enough that some of the antibiotic was releasefNCe is a property of bacteria that confers the
for civilian use, and the first antibiotic that could CaPacity to inactivate or exclude antibiotics or a
be ingested or injected without toxic side effectgMechanism that blocks the inhibitory or killing
entered medical practice. The cover of this repo@ffects of antibiotics. Acquired resistance, here-
is a reproduction of a 1944 advertisement foiafter simply “resistance,” which is characterized
penicillin. Penicillin was not made a prescriptionby changes in bacteria such that organisms that
drug until the 1950s, and, for about a decade, ivere formerly treatable with an antibiotic

was available directly to the public (Levy 1992, become untreatable, is the focus of this report.
p. 9). Most bacterial infections can be successfully

Other “wonder drugs” followed penicillin, and treated with one antibiotic or another, but the
many dreaded infectious diseases became tre@mergence of resistance to older antibiotics, such
able; people were saved from death and fronas penicillin, leads physicians to prescribe newer
prolonged periods of disability. Tuberculosis antibiotics as the first choice in treating many
sanatoriums closed because antibiotics were sufliseases. The use of the newer antibiotic
ficient treatment; people with burns over largeincreases selective pressure for the emergence
areas of their bodies, who would have died irand spread of bacteria resistant to it, and the
earlier years, survived; childhood meningitismore an antibiotic is used, the greater the chance
(infections of membranes around the brain othat resistance to it will emerge and spread.






Chapter 2 Introduction | 41

Some bacteria are virulent and can kill that the antibiotic is not taken up, or that cause
quickly: A virulent strain of group A streptococ- the production of an enzyme that inactivates the
cus causes a disease called toxic shock-like symntibiotic, or that cause the antibiotic to be
drome (TSLS) which killed Muppeteer Jim excreted from the bacterial cell. These mutations
Henson. Because this strain and other virulenbappen in the absence of any exposure to antibi-
bacteria can “fell otherwise healthy peopleotics, but the presence of an antibiotic favors the
within hours of the onset of symptoms” (Wright, growth of the bacteria that contain a mutation for
1990), antibiotics have to be administered veryesistance, or in the usual jargon, the antibiotic
early in order to defeat the infection. “selects for” the mutant bacteria. Weiner (1995

Some bacteria grow in biofilms that cannot ~ at pp. 257-262) discusses the origins of muta-
be easily penetrated by antibiotics:Biofilms  tions to antibiotic resistance and the selection of
are multilayer bacterial populations embedded ithose mutations in an evolutionary context.

a film that is attached to some surface. Some Mutations are of three general kind3oint
examples of bacteria growing in biofilms are themutations are “single letter” mistakes that occa-
plaque that causes tooth decay, films ofsionally occur in copying the DNA code, and
Pseudomonas aeruginosiaat infect lung tissue they can cause a small change in an enzyme or
especially in cystic fibrosis patients, and filmsstructural protein. The other two kinds of muta-
that grow on the surfaces of medical devicedions, insertions and deletions generally have
such as catheters (see chapter 6). Antibioticgiore far-reaching effects; they can completely
often cannot penetrate biofilms; therefore, evergliminate an enzyme activity or destroy a struc-
though the antibiotic may be effective against thdural protein. Mutations are passed on to future
strain of the bacteria in the laboratory, the antibigenerations of bacteria, and the number of resis-

otic may be ineffective against the infection. tant bacteria can increase very rapidly. Under the
most favorable conditions, some bacteria can

[J Mechanisms for the Emergence duplicate every 20 minutes. . .
and Spread of Resistance As shown “on figure 2-2, "bacterla‘tl DNA |s"
present on “chromosomes” and “plasmids.

When a new antibiotic is introduced, many bac-chromosomes usually contain all the genes nec-
teria are susceptible to it. Hughes and Datt@ssary for the life of the bacteria, and some genes
(1983) demonstrated that bacteria preserveghat confer resistance to antibiotics are found on
from 1917-1954 (the “pre-antibiotic” era) had the chromosome. Plasmids, smaller pieces of
little if any antibiotic resistance except intrinsic pNA that replicate separately from the chromo-
resistance. However, since the dawn of the antisome’ can also be present. They can and often do
biotic age, acquired resistance to every knowmarry genes for antibiotic resistance, and, as dis-

antibiotic has been observed in one or more bagussed below, they can be transferred from bac-
terial strains. This resistance sometimes arises grium to bacterium.

an individual patient during the course of treat-
ment, but more often people are infected bychromosomal mutations

resistant bacteria that are acquired from the comggnes for resistance to fluoroquinolone antibiot-
munity or the hospital environment. ics (e.g., ciprofloxacin and ofloxacin) are known

_ to occur, so far, only on chromosomes and not on
Mutations plasmids. Single courses of therapy with fluoro-
Antibiotic resistance arises through processeguinolones may produce only low levels of resis-
that involve mutations and selection. Mutationstance, but multiple mutations selected by
occur spontaneously in bacterial DNA that mod-repeated exposure to increasing doses of fluoro-
ify or eliminate a target for an antibiotic’s action, quinolones can confer high levels of resistance
or that cause changes in the bacteria surface gblooper and Wolfson, 1991). Even though muta-
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too rarely. Scientists showed that conjugationamight have originated as a self-protective mecha-
transfer of multiple-resistant plasmids accountechism in antibiotic-producing organisms. For
for the epidemic and established plasmids asxample, some strains of streptomyces that pro-
major agents in the spread of antibiotic-resistantiuce aminoglycosides (streptomycin is an ami-
genes. noglycoside) also produce aminoglycoside-
Hughes and Datta (1983), who examined premodifying enzymes (Benveniste and Davies,
served bacterial strains from the pre-antibiotic1973).
era, showed that plasmids were present in many Genes can be transferred between different
of the bacteria and that 24 percent of the plasspecies of bacteria. In a 1979 outbreak in a Ken-
mids were able to be transferred by conjugationucky hospital (Tauxe, Holmberg, and Cohen,
between bacteria. However, very few of the pre1989), 31 patients and personnel became infected
served bacteria were resistant to antibiotics andiith a strain ofStaph. aureushat was resistant
those few were resistant to only one antibioticto methicillin, penicillin, gentamicin, erythromy-
This indicates that multi-resistance plasmidscin, clindamycin and tetracycline. Bacteria iso-
must have been created in the decades followinigted from all of those affected contained the
the discovery of penicillin, when the use of anti-same resistance plasmid. Plasmids of a similar
biotics became extensive. Importantly, howeversize were also found in the common skin com-
the pre-existing transferable plasmids in bacterisnensal organismStaph. epidermisfrom the
became the vehicle for transfer of multiple anti-affected patients. Analysis of the plasmids by
biotic-resistant genes. molecular techniques suggested that the same
Resistance genes can also travelt@ms- plasmid had been transferred betwestaph.
posons small pieces of DNA that can transfer toaureusandStaph. epidermis
different sites on bacterial chromosomes and In another study that demonstrated inter-spe-
plasmids in the same bacterial cell or in differencies transfer, Tauxe, Cavanagh, and Cohen
bacterial cells. Hall and coworkers (Hall and(1989) examined multiple-antibiotic-resistett
Stokes, 1993) have been studying the structure &pli andShigella flexnerthat were isolated from
some transposons callddtegrons that carry @ hospitaliz_ed patient. Their analysis indicated
antibiotic-resistance genes. The integrons arthat the resistant genes had been transferred from

like freight trains: sequences of DNA necessar);h_e E. colito theS. erxnﬁrian?] that the antibri{
for the functioning of the integrons at the frontOt'C'res'StantS' flexnerihad then become the

and the back are like the engine and the caboosg2Use of a small outbreak of infections in the

" ! . community. These examples show that resistance
and any number of “cassettes” of resistance .

g . ._genes can be transferred between different bacte-
genes, like the cars of the train, can be carrie

bet th Diff ¢ tt nsert int”al species and demonstrate a pathway for wide-
) Ef[ ween err:j. thl' e][enil'::a:ssethes can mste fg)pread distribution of antibiotic-resistant genes.
INtegrons, -an IS Tacliitates the acquisition ot “rpoe are two other mechanisms for gene

resstar;lce gelnesf by dbﬁctega. CO”_'S a;n(rj‘ Ha“ransfer in addition to conjugatiotransduction
(1995) have also found that tepressionof the 5, yransformation. In transduction, genes are

integrons depends on their position in the casgansferred by bacterial viruses (called “bacte-
sette: resistance coded by genes close to the frofihphages” or “phages”). In  transformation,
of the train is stronger than resistance from genegieces of DNA in the bacteria’s environment are
near the back of the train. This helps explain thgaken into the bacteria and incorporated into the
Variability in the levels of resistance between dif-bacteria| chromosomeHemophilus influenzae
ferent strains of bacteria. takes up DNA from its surroundings, and

The origin of the resistance genes that can beecently reported data indicate that transforma-
transferred between bacteria on plasmids antlon may play an important role in the survival of
transposons is unknown, but some, at leasthose bacteria (box 2-3).



