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Prelude to Disaster

A fifty-year-old businessman, in good health, takes the late-evening

shuttle from La Guardia Airport in New York to Boston, where he

has several appointments the next day. Shortly after checking into

his hotel, he notices he has a stuffy nose and scratchy throat. What

he assumes is a mild cold becomes more severe during the night: a

102-degree fever, chills  and a dry cough. The next morning, now

thinking he has the flu, he cancels all his appointments and flies

back to New York. Three days later, despite receiving massive doses

of a cephalosporin antibiotic, he dies in the hospital of a devastating

pneumonia.

A twenty-eight-year-old basketball player has a routine blood test

when he applies for a Zarge life insurance policy. The following

week, his physician informs him that he is HIV-positive. He assures

him, however, that all other biochemical parameters are normal

and that he is still in good health. He does not have AIDS and is

encouraged to continue playing basketball. A month later, while on

the road, he feels a little tired. He reaches into his equipment bag for

some antibiotics he always carries with him, and which he uses

routinely, on a doctor's prescription, to ward off colds and other

minor infections. Within a day he feels better. Three months later,

he is diagnosed with AIDS and the following year he is dead.

A young mother notices that her three-year-old daughter seems

restless and feverish and is constantly pulling at her ear. The pediatrician

diagnoses a middle-ear infection and prescribes the antibiotic

amoxicillin, which he says should clear up the problem in a few

days. The child, however, gets worse. The fever goes higher, she

begins vomiting and her neck becomes stiff She is rushed to the

hospital emergency room in the middle of the night where a spinal

tap is performed and acute bacterial meningitis is diagnosed. Despite

the administration of intravenous antibiotics, she dies the next

morning.

,A forty-four-year-old physician with a history of recurrent bladder

 infections experiences burning on urination, this time accompanied

by blood in the urine, a high lever and pain in her right flank. She

correctly self-diagnoses that she has pyelonephritis, a serious kidney

infection, and calls her friend, a kidney specialist. He says what

she dreads: she must be admitted to the hospital for intravenous

antibiotics.

Why should physicians, for whom the sights, sounds and smells of

the hospital are part of their everyday routine, be afraid to be patients?

It is simply because, far more than anyone else, they are

aware of the danger lurking there. They know too weIl that in those

gleaming, high-tech institutions, where medical miracles are performed

every day, roam the ghosts from the wards of the past, from

a time we thought we' d never have to see again. They know that

although in the 1990s the typical hospital patient is admitted with an

organic disease such as cancer, heart disease, strike or diabetic complications,

the pendulum has incredibly begun to swing back to the

1930s. They know that hospitals are in jeopardy of once again being

overwhelmed with untreatable infectious diseases such as pneumonia,

tuberculosis, meningitis, typhoid fever and dysentery. And they

know that just by being in a hospital they are at risk of contracting

one of these deadly illnesses.

Sixty years ago infectious diseases were the main cause of pain and

death because we had so little to combat them. This was before the

discovery of antibiotic drugs. Today a physician has a countless number 

of antibiotics to choose from. In 1992, there were 420 antiinfective

products on the United States market. Yet, despite this

impressive armamentarium, every day patients die of untreatable

infections in hospitals in New York, London, Paris, Tokyo and Barcelona.

The shocking case of the Muppets' creator, Jim Henson,

who died suddenly a few years ago in a New York hospital from a

fulminant case of pneumonia, was not an anomaly but a harbinger.

We see m to have come full cycle. The infections that are cutting a

wide swath through our hospitals today are completely resistant to

the antibiotics we have come to blindly rely on. As a result physicians

are once again helpless. Just as in the preantibiotic era, they can only

stand by, console the family and pray for miracles. Before the advent

of antibiotics we bad no therapeutic options. Today, many experts

believe we've just about exhausted them.

Hospitals aren't the only place where danger waits. Bacteria that

could be responsible for the new epidemics of antibiotic-resistant

pneumonia, meningitis and a hast of other infections can be transmitted

by casual contact in a shopping mall or a movie theatre. Fatalities

from a wide range of infectious diseases are occurring today

with alarming frequency throughout the world. And they signal a

potential for disaster that could involve millions of people in the next

decade or even sooner. We are standing on the brink of a catastrophe.

And if nothing is clone to prevent it, we will surfer a new plague

of infectious diseases more devastating than any we have experienced

in the past.

The seeds of the crisis were sown a long time ago, paradoxically the

moment antibiotics were introduced to the world. In fact, the notion

that therapy for infectious diseases would be a double-edged sword

was actually recognized nearly one hundred years ago, long before

antibiotics were known. The German Nobellaureate Paul Ehrlich,

father of immunology and the specific therapy of infectious disease,

noted that syphilis bacteria could develop resistance to the arsenic derived

compound he bad formulated. Salvarsan, the name of  Dr.

Ehrlich's drug, was not an antibiotic, and Dr. Ehrlich didn't know

exactly how the resistance developed, but the biochemical mechanism was similar to what would later be demonstrated with antibiotics.

While there are reports of scientists in Germany and England in

the late nineteenth and early twentieth centuries finding molds with

antibacterial properties, the modern antibiotic was associated with

only one name. In 1928, Sir Alexander Fleming serendipitously discovered

the antibacterial properties of the bread moId extract penicillin.

But being a pure laboratory scientist Fleming apparently did

not initially consider the remarkable therapeutic value of his finding.

It would be almost fifteen years before two Oxford scientists,

Howard Florey and Ernst B. Chain, tested and proved the value of

penicillin in humans. The mass production of penicillin followed

within a few years. This, along with the discovery of sulfa drugs by

Gerhard Domagk in Germany in the 1930s,of streptomycin by Rutgers

University soil microbiologist Selman Waksman, and cephalosporin

by Giuseppe Botzu in the mid-1940s, began the antibiotic

era and revolutionized the practice of medicine.

These were heady times for physicians. They finally had something

they could use to slay the bacterial dragons that had been a

scourge for centuries and had, at several times in the course of history,

all but wiped out whole populations. Doctors began using the

new wonderdrugs, the "magic bullets" that Ehrlich had sought but

never found, for virtually everything. And they were almost univer-

,sally successful. Survival rates for the dreaded pneumonia, for

example, called in 1901 the "captain of the men of death" by worldfamous

physician Sir William Osler, increased dramatically from

less than 20 percent in 1937 to 85 percent by 1964. As Walsh Mc-

Dermott described in a 1982 article in the Johns Hopkins Medical

Journal, the introduction of antibiotics into medical practice "heralded

the opening of an era in which literally millions of people, children,

adults and the elderly, all slated for early death or

invalidism- were spared." The family doctor became a hero.

The discovery of antibiotics still ranks as one of the greatest medical

achievements of the twentieth century. And new ways of effectively

using them are still being discovered. As recently as 1992, for

example, it was shown that same ulcers, for decades thought to be

the result of excess stomach acid, were instead almost certainly

caused by a common type of bacteria called Helicobacter and could

in turn be cured by antibiotics. There were other stunning medical

advances perfected during the 1930s and 1940s. But it was antimicrobial

therapy that was the real artillery, providing physicians with

the ability to prevent some infections, to cure others, and to curtail

the transmission of diseases.

It's really not difficult to understand why none stopped to heed

the danger signs that were pointed out. In Fleming's original 1929

paper in the British Journal of Experimental Pathology he noted

that, while penicillin was remarkably effective in inhibiting the

growth of staphylococci in the laboratory, it was completely ineffective

against other forms of bacteria called B. coli (now referred to as

E. coli). Eleven years later, while working with penicillin at Oxford,

Ernst B. Chain, along with his colleague Edward P. Abraham, isolated

an enzyme from the B. coli that was able to destroy penicillin,

giving biochemical credibility to Fleming's observation.

On the basis of these laboratory studies, quiet cautions began to

be issued to physicians. As early as 1942, even before penicillin began

to be used commercially, Fleming alerted the medical profession

that staphylococci might find a war to develop the resistance he

had seen in the B. coli bacteria. Two years later, in 1944, just after

penicillin was introduced to the American market, Florey publicly

decried the misuse that was already apparent in Britain. Physicians

were giving penicillin like candy. Supply couldn't keep up with demand.

Florey had noted that during treatment with penicillin, the inherently

resistant B. coli, along with other bacteria whose disease causing

potential was unknown, actually increased in number. Most

disturbing of all, Florey cited cases where the effectiveness of this

newly introduced wonder drug might already be waning. There

were clinical examples that required up to eight times the usual

starting dose before an infection could be tamed.

But Florey, Fleming, and other sober minds were drowned out by

the intoxication of the moment. No one wanted to hear any bad

news.  Medical Cassandras had no place in the era of miracle drugs.

It wasn't long, though, before their predictions began to come

true. Reports of outbreaks of infections difficult or impossible to

handle because of bacterial resistance to antibiotics started being

reported in medical journals in the 1940s.

This is what is even more disturbing than the gravity of the situation

confronting us. Antibiotic resistance hasn't just appeared on the

medical landscape. It's been developing for more than fifty years

fight under our noses, yet we've clone virtually nothing to slow it

down. Microbiologists and infectious disease experts have been discussing

this problem for decades, but mostly among themselves, in

hushed tones behind the closed doors of medical meetings or in the :

scientific literature. !

There was a brief period when the discussion got beyond ivory- ;

tower academics; in December 1984, a two-day congressional hearing

on antibiotic resistance was conducted by Vice President Albert

Gore in his last day as a member of the House of representatives.

Revelatory and striking testimony was taken from several experts,

Testimony that outlined the multitude of causes and very real and :

Forbidding consequences of antibiotic resistance. But no action was 

taken. And how many of us were even aware that the hearings took

place? It seems strange that this issue quietly died. Perhaps it was

because Mr. Gore moved on to the Senate and other concerns, leaving

behind no one to carry the ball. Vice President Gore's staff was

extremely helpful in providing me with information and material

about the 1984 hearings, but the question about why this wasn't fol-

"I lowed up was deftly sidestepped no matter whom I asked.

The problem of antibiotic resistance is something that most practicing

physicians seem either indifferent to or ignorant about. I remember

my microbiology lectures in medical school, where I first

learned about the ability of bacteria to develop resistance to antibiotics.

The information was delivered almost in passing, as an aside.

And the subject never came up again, not during my pediatric intership,

when I was using antibiotics every day, and not later as a

practicing pathologist, when I was responsible for supervising a microbiology

laboratory and chairing the infection control committees

in several community hospitals. I would attend national meetings

devoted to better performance of these duties, but monitoring and

trying to limit antibiotic resistance were never once discussed. Most

young physicians -myself included- filed the subject away on a

three-by- five card in the back of their mind, alongside the biochemical

intermediates of cellular glucose metabolism and the intricate

lire cycles of obscure tropical parasites we would never face in clinical

practice.

How blind we've been can be understood by the following, by no

means complete, chronology:

During the latter part of World War II, there were several serious

epidemics of pneumonia in the armed forces caused by beta-

haemolytic streptococci. These organisms were highly resistant to the

sulfadrug sulfadiazine, the only available antimicrobial agent and

a  drug to which the streptococci had been thought to be universally

insensitive. Curiously, sulfadiazine had been used earlier as part of an

extensive prophylactic campaign amongst he troops to prevent just

such epidemics.

In the mid-1940s, Fleming's forecast became reality when the

first strains of Staphylococcus resistant to penicillin were described.

Today, in excess of 95 percent of Staphylococcus worldwide are re-

sistant to penicillin.

In 1955, a Japanese woman who recently had returned  from

visiting Hong Kong came down with a stubborn case of dysentery.

The causative agent was isolated and identified as a typical dysentery

bacterium Shigella. But it was far from an ordinary Shigella.

This Shigella was highly resistant to four antibiotics: sulfa, streptomycin,

chloramphenicol and tetracycline.

Although recognized at the time by only a few astute Japanese

scientists, this event was a warning of dangerous things to occur in

subsequent decades. It was the first time a bacterium had been

shown to be multiply resistant to antibiotics. In the next few years

th' incidence of multiply drug-resistant shigellae in Japan increased,

and there were a number of epidemics of intractable dysentery.

In 1963, there began to be reports of several strains of pneumococci,

the most common cause of pneumonia at the time, that were

resistant to tetracycline. This was not just a laboratory finding but

resulted in several treatment failures and deaths. Shortly thereafter,

strains of pneumococci resistant to the antibiotics Erythromycin and

Lincomycin were reported almost simultaneously in England and

New York.

In 1967 from Australia came the first report of pneumococci

resistant to penicillin. This was followed in 1971 by a short paper in

The New England Journal oi Medicine which reported a reduced

susceptibility to penicillin in carriers and patients with pneumonia

in New Guinea. Because penicillin bad been used in one area of

New Guinea for prophylaxis of pneumonia, concern was expressed

that this was responsible for the 25-fold lower than average susceptibility

of the pneumococcal bacteria isolated.

In Iran, within a ten-year period between 1963 and 1973, the

strain of Salmonella causing epidemics changed from almost 100

percent sensitive to almost 100 percent resistant.

Neisseria gonorrhoeae, the bacterium responsible for gonorrhoea,

was almost uniformly sensitive to penicillin unti11975, when a

few resistant cases were observed in the Philippines. Today, in excess

of 90 percent of Neisseria gonorrhoeae in the Philippines and

Thailand is resistant to penicillin and almost 50 percent in India,

Africa, Japan, western Europe and the United States.

Resistance of the bacterium Hemophilus influenzae -the most

common cause of serious ear infections and meningitis in children

younger than five years old- to the antibiotic Ampicillin didn't beginn

to show up at all until1974. When first observed, the resistance

was found in only about 4 percent of blood and spinal fluid samples

in the United States, but by 1982 it bad increased to up to 48 percent.

In 1977, in a hospital in Durban, South Africa, three cases of

meningitis and two of septicemia (blood poisoning) were caused by

pneumococcal bacteria resistant to both penicillin and chloramphenicol.

All three patients with meningitis died. By 1978, this same

strain bad been isolated from patients in Johannesburg, bad acquired

additional resistance to erythromycin, tetracycline and cephalosporins,

and bad caused fourteen deaths. Shortly thereafter, the

same resistant strain surfaced in Colorado and Minnesota.

These bacteria from South Africa were even more resistant to

penicillin than the earlier examples from Australia and New Guinea,

and it was the first report of pneumococci displaying resistance to

multiple antibiotics.

"Little by little we are experiencing the erosion of the strongest

bulwarks against serious bacterial infections in the modem anti-

bacterial era," wrote Dr. Maxwell Finland of Harvard Medical School

in an accompanying editorial to this report in The New England

Journal of Medicine in 1978. Dr. Finland was one of the world's

most respected authorities on infectious disease, and he feIt that

unless certain steps were taken, we could reach the point of no re-

turn.

Two years later, in 1980, Dr. Lewis Thomas, a renowned physician and 

philosopher, voiced his concern. "I am worried about the

future of antibiotics if we do not continue to do research on the appalling 

problem of antibiotic resistance among our most common

pathogens he wrote. But the warnings of both of these visionaries

were largely ignored just as had been the earlier Ones from Fleming

and Florey.

In a 1989 survey of several Greek hospitals, the incidence of

bacterial antibiotic resistance was extremely high, in some cases up

to 100 percent, depending on the type of bacterium and the antibiotic

surveyed.

In Finland, in just two years between 1988 and 1990, the percentage

of isolates of streptococci resistant to Erythromycin grew

rapidly from 4 percent to more than 24 percent.

These are but a few oft he hundreds of examples of bacterial antibiotic

resistance that have been reported in the past fifty years.

Most of them have resulted in treatment failures, and many in

deaths. If they are taken as individual, seemingly unrelated occurrencies,

they appear to be no great cause for alarm.

But they are not unrelated occurrences. They are the result of an

insidious process, a bacterial plague that has been an unbroken global

chain of events that extends fight up until today.

Yet, in 1962, Sir F. Macfarlane Burnet, the Australian immunologist

and Nobellaureate whose research paved the war for organ

transplantation, wrote that the late twentieth century would be witness

to "the virtual elimination of infectious disease as a significant

factor in social life." To write about infectious disease, he said, "is

almost to write of something that has passed into history." This was

echoed seven years later in 1969, when United States Surgeon General

William Stewart testified before the Congress that it was time to

"close the book on infectious diseases." Even as he spoke these

words they were being contradicted by scenes being played out in

pharmaceutical houses around the world. A crisis that was already in

the making in 1969 would explode in the last decade of the twentieth

century. But even now, despite the outcries of some of the world's

most highly respected scientists, the danger lies buried weIl beneath

the public consciousness.

"The stunning success of the pharmaceutical industry in the

United States, Japan, the United Kingdom, France and Germany in

creating new antibiotics over the first three decades has caused society

and the scientific community to become complacent about the

potential of bacterial resistance," said Dr. Harold Neu, an expert in

infectious disease and antibiotics at Columbia University School of

Medicine. And it is this complacency, believes Dr. Neu, that has put

us on the brink of disaster.

Dr. Neu is not allone in his apprehensions. Dr. Richard Krause,

senior scientific adviser at the National Institutes of Health and

former director of the National Institute of Allergy and Infectious

Diseases, said that, based on the increasing number of cases around

the world of resistant pneumonia, dysentery, strep, malaria and

other diseases, there is only one frightening conclusion that can be

drawn: 'We have an epidemic of microbial resistance."

But it is Dr. Mitchell Cohen, an infectious disease specialist and

epidemiologist at the Centers for Disease Control and Prevention

in Atlanta, who sounds the most pessimistic alarm of all, coining a

chilling term that may soon become part of our lives. "Unless currently

effective antimicrobial agents can be successfully preserved

and the transmission of drug-resistant organisms curtailed," he said,

"the 'postantimicrobial era may be rapidly approaching in which

infectious disease wards housing untreatable infections will again

be seen."

How have we gotten ourselves into such a predicament? This is a

complex problem with more heads than Hydra, but at the centre of

the issue is science, or rather the disregard of science. Therefore, in

order to fully appreciate both the problem and what we can do to

solve it, we're going to spend the rest of this chapter discussing a

little science -how antibiotics work and how bacteria develop resistance

to them.

All antibiotics function by interfering with either the structure or

the metabolism of a bacterial cell, affecting its ability both to survive

and to reproduce. To make an antibiotic therapeutically useful, a

basic premise is that the physiologic process to be attacked in the

microorganisms should be as different as possible from our own

physiology. Obviously it would be a clinical failure to kill or inhibit

the growth of bacteria at the cast of a patient's lire or well-being.

This is similar to the problem that cancer researchers come up

against in trying to develop safe and effective chemotherapeutic

agents -those that will attack only cancer cells, while leaving normal

tissues untouched. Up till now, however, oncologists have had

the more difficult task. Not only have they had fewer anticancer

compounds to work with, but it has been more difficult to identify

fundamental differences between normal human cells and cancer

cells than between human cells and bacteria. Therefore, they have

had to rely on drugs that have toxic side effects. Microbial pharmacologists,

on the other hand, have had a greater arsenal from which

to choose and have been able to be much more selective. From

among the thousands of antimicrobial agents known, either derived

from natural sources or chemically synthesized in the laboratory,

scientists have been able to separate the few hundred that are the

most effective and the least toxic. Although same antibiotics still are

capable of causing serious side effects, for the most part they are

among the safest of all drugs. As we will soon see, this has been both

a boon and a bane.

Clinically useful antibiotics can be grouped into several different

categories, depending on what part of the bacterial metabolic apparatus

they disrupt. One large class prevents bacterial genes from

making copies of themselves and from forming the cellular proteins

they need to sustain lire. Rifampin, One of the antibiotics used to

treat tuberculosis, inhibits a specific enzyme that allows bacterial

DNA to replicate. A new class of antibiotics, the most popular of

which is called ciprofloxacin (trade name Cipro) works in a similar

manner. Although our own cells contain aversion of the same en-

zyme, the two types are different enough for the antibiotic not to

confuse our cells with bacteria.

Another class of antibiotics, the best-known examples of which

are streptomycin, Kanamycin, Gentamicin and Tobramycin, also work

in the genetic arena, but in a slightly different war. They interfere

with the organization of the bacterial proteins at the main cellular

assembly plant called the ribosome. Tetracycline, chloramphenicol

and erythromycin and same of the newer relatives are structurally in

a slightly different class, but also work by interfering with protein

synthesis. Unfortunately, most of the protein-inhibiting antibiotics

are not perfect at making the distinction between bacteria and human

cells, and it is with this group that we see the most toxic side

effects. Streptomycin is rarely used anymore because it can permanently

damage hearing. Chloramphenicol is still used around the

world to treat typhoid fever, but is almost never used in the United

States today because it has a tendency to depress the hone marrow

and therefore the formation of new blood cells. And erythromycin

causes stomach upset, not so serious a side effect, but still annoying

and interfering with the absorption of the antibiotic.

In addition to antibiotics that interfere with the function of genes

or the protein synthesis directed by the genes, there are those anti-

bacterial agents that attack bacterial enzymes. The best known of

these are the sulfa drugs, chemically synthesized compounds that

were first used in the mid-1930s. Sulfa drugs work specifically by

inhibiting the formation of the essential chemical folic acid in the

bacterial cell without interfering with its formation in human cells.

The best -studied antibiotics belong to the class that interfere with

the formation of the bacterial cell wall. These include the penicillins

and the cephalosporins. Since human cells don't have a cell wall,

these antibiotics are perfectly safe for us (unless we happen to be

allergic to them, which is rare).

The penicillins work by inhibiting the enzymes bacteria need to

form cross-links in the proteins of their cell wall. Without these crucial

cross-links, the bacteria become unstable heads of protoplasm

and collapse. Although nenicillin doesn't have any affect on adult

bacteria, whose cell walls are already formed, there is another war

they can attack. Most serious infections require that bacteria multiply.

Penicillin can deal with that.

RESISTANCE REARS ITS HEAD

Since the historic first successful use of penicillin in March 1941, .

a wide variety of penicillin and penicillin like compounds has been

introduced. The main stimulus for these derivatives and refinements

was the clinical observation beginning in the 1950s that

staphylococci, the bacteria that were causing the most serious and

fatal cases of pneumonia and that penicillin was originally most effective

against, were rapidly developing resistance to the antibiotic.

Just as Fleming had predicted, staphylococci had now acquired the

enzyme that Abraham and Chain had identified in other bacteria in

1940. What researchers were able to determine was that this enzyme

specifically inactivated a portion of the penicillin molecule

known as the beta-lactam ring. By the early 1960s, new penicillins

and the related antibiotic cephalosporin were introduced. These

compounds all worked by stabilizing the beta-lactam ring of the antibiotic,

protecting it from attack by the bacteria and preventing

them from developing resistance.

It was assumed that the introduction of these new penicillins

closed a very short book on bacterial resistance. It was comforting

to imagine that through same strange biochemical accident the

staphylococci had managed to develop resistance to penicillin and

that the stabilization of the beta-lactam ring would take care of that

problem once and for all. Virtually everyone in the pharmaceutical

industry congratulated themselves on their ingenuity. Science had

once again triumphed over microorganisms, and this time for good.

The victory, though, proved hollow and extremely short-lived.

The ability of staphylococci to inactivate penicillin enzymatically

wasn't an isolated phenomenon but rather the first example of a

widespread and disturbing trend. Our encounter with bacterial antibiotic

resistance hadn't ended. In fact, it was just beginning. Nervous

scientists were soon sent back to the laboratory to develop more

antibiotics to circumvent yet another instance of bacterial resistance.

And they've been tethered to their workbenches ever since.

Not only did bacteria find a war to become resistant to cephalosporin

and the new penicillins, but they began to find ways of becoming

resistant to virtually all other antibiotics, old and new. For

the past thirty years we've been engaged in a race with what would

would seem incongruent adversaries, unicellular organisms at the far opposite 

of the evolutionary spectrum. But in this confrontation, our specialized organs and complicated genetic code put us at a disadvantage. Just as small entrepreneurial companies are often more adept at new product development than the large corporate

bureaucracies, so are bacteria quicker to adapt than our more

complex systems. Bacteria don't need brains or livers. All they need

is the biochemical makeup to become resistant to antibiotics, and

for that they are the ultimate gene machines. As Dr. David Perlman,

a renowned microbiologist from the University of Wisconsin, has

said, "Microorganisms can do anything. Microorganisms are wiser

than chemists." Our human hubris has blinded us to the fact that we

have never been more than one step ahead of the bacteria and we

are in grave danger of losing that slender lead.

This really shouldn't be surprising. Bacteria have had an almost

infinite amount of time to become molecularly streamlined, to become

far more expert at resisting antibiotics than we are at finding or

making them. While antibiotics have been in clinical use for only the

last sixty years, bacteria have existed for almost four billion years.

And they haven't been lying dormant while the glaciers moved. They've

been multiplying and adapting, and doing it, genetically

speaking, with blinding speed. A generation of humans is reckoned

to be about every twenty years, but bacteria produce progeny every

twenty minutes, five hundred thousand times faster than we do. In

evolutionary terms, a bacterium that existed in the preantibiotic era

of sixty years ago bears the same relationship to one isolated today as

does Dryopithecus, the thirty-million-year-old ancestor of humankind,

to modem men and women.

After all that time for trial and error, bacteria have come up with

essentially three basic biochemical counterattacks against antibiotics.

The mechanisms are both elegant and simple. Which one is employed

by the bacterium depends on both the type of bacterium and

the antibiotic. Often a combination of methods is used on the same

antibiotic.

1. Drug inactivation. This is the most common mechanism of

resistance to penicillin, ampicillin, amoxicillin ( the most widely prescribed

drug in the world in 1991) and most oft he cephalosporin 

antibiotics. If you've had any kind of infection in the last five years,

especially a urinary or respiratory infection, it's likely your doctor

has prescribed a drug in the cephalosporin class. These antibiotics

attack the enzyme the bacteria need to stabilize their cell walls, without

which they cannot live. As a parry, the bacteria learn to produce

another enzyme, whose sole function is to inactivate the antibiotic.

Biochemists have counterattacked with a more advanced class of

antibiotics called clavulanates, which prevent the action of this bacterial

enzyme. But no one believes that this advantage will prevail. It

can't be long before a a new generation comes along with yet another

enzyme that will render the clavulanates impotent.

Streptomycin and most of the latter-day "mycins," such as tobramycin,

gentamicin and kanamycin, are also inactivated by enzymes

bacteria produce.

2. Altered target site. Rather than produce an enzyme to neutralize

their attacker, bacteria sometimes choose to leave the antibiotic

as is and change their own structure instead, usually through

mutation. The target bacteria are altered in such a war that the antibiotics

can no longer bind to them. The bacteria are, in effect, "hiding" from the antibiotic.

This is another war penicillin and cephalosporin can be rendered

ineffective.

3. Metabolic bypass. Rather than destroy the antibiotic or hide

from it, in some cases bacteria develop the means to do an end run

around the job the antibiotic does. For example, sulfa drugs work by

blocking an enzyme bacteria need to make folic acid. But resistant

bacteria were able to produce a brand-new enzyme which would

allow them to make the crucial folic acid even in the presence of the

antibiotic.

Except for a few cases in which scientists haven't yet figured out

the mechanisms, almost every one of the reported clinical cases of

antibiotic resistance encountered around the world in the last fifty

years since the introduction of penicillin -from Japan to Greece to

Finland to the United States- has been the result of one or more

permutations or refinements by bacteria of these three methods.

As remarkable as all this is as an example of the malleability of an

organism, even more remarkable is the war these methods are com-

municated to other bacteria. Furthermore, bacteria of one species

are capable of passing along their biochemical accomplishments to

members of other species.

The mechanism bacteria use to thwart the effects of an antibiotic

is coded for and directed by a gene. The structure and location of

bacterial genes are remarkably similar to those of humans. Just like

ours, they are made up of double strands of DNA, and most of them

are located on chromosomes. Naturally, bacteria have only a small

fraction of the genes we do, but the ones they do possess are responsible

for determining all their properties, including antibiotic resistance.

Again similar to what happens to human genes, the bacterial genes

on their chromosomes are subject to occasional changes, or mutations.

A mutation that imbues a bacterium with an enhanced ability

to survive will stick and be passed on from generation to generation.

Mutating is just one thing bacteria are capable of. Bacteria have

developed an additional genetic method of becoming resistant that

departs completely from anything our own human cells possess.

Once in place, this method allows the recipient to quickly spread the

wealth far outside its own family. It is this method, in fact, that has

been most responsible for the widespread antibiotic resistance we

see today and that has finally put us on the brink of disaster.

Although most of the bacterial genes are found on chromosomes,

other genes can be found on small circular pieces of DNA outside

the chromosome called plasmids. It is here, on the plasmids, that

most of the antibiotic-resistance genes are found. One bacterium

can carry several types of plasmids; the ones that harbour the genes

for antibiotic resistance are called R-plasmids or R-factors. Plasmids

can exist autonomously of the parent bacterium; they are almost an

organism within an organism. They have a life of their own. They

can multiply independently of the bacterium that harbours them and,

more important, they can be easily transferred to other bacteria.

One of the ways this transfer takes place is by two bacteria coming

into direct contact and exchanging plasmids, the bacterial version of

a sexual encounter known as conjugation. Bacteria like to conjugate,

but only specialized plasmids can be exchanged by conjugation. If

the antibiotic- resistance genes are already on these specialized plasmids,

they are smoothly transferred durng  conjugation But if they .

aren't, the bacteria solve the problem by employing another unique

molecular tool. Like a genetic flea, tiny pieces of material known as

transposons grab on to the R-factors and "hop" from the non-transferable

plasmid to the transferable one. This additional step

allows virtually all R-factors to be exchanged by conjugation, making

it a very efficient way indeed of transferring antibiotic-resistance genes. 

Some bacteria, however, that want to transfer their antibiotic resistance

genes simply can't conjugate. Rather than seek counselling,

they utilize viral surrogates. These viruses, called bacteriophages,

latch onto the R-factors just as do the transposons, but

instead of working internally and bringing the genes to a plasmid

that can then be transferred by conjugation, the viruses replicate,

leave the bacterium and enter another, carrying with them the resistance

genes.

By arranging for most resistance genes to be located primarilyon

plasmids rather than on chromosomes, bacteria have raised the

stakes considerably. Antibiotic resistance has changed from the relatively

rare clinical occurrences seen in the early days of antibiotic

therapy to the explosion of today. Rather than being passed only

vertically from mother to daughter cells-as happens if the

antibiotic-resistance genes are located on chromosomes- promiscuous

bacteria are able to pass R-plasmids to any bacteria they happen

to meet up with. Since every one of the more than five billion

people in the world carry more bacteria than they do cells, and since

bacteria don't need passports to travel, it's not difficult to imagine a

scenario whereby bacteria are encountering new and anxious recipients

of genetic material all the time. This is why resistance noticed

first at one place in the world shows up suddenly and almost simultaneously at

a distant corner.

Plasmids and the ease with which they can be transferred among

bacteria have been responsible for one other parallel problem, the

one that most infectious disease experts believe to be the real challenge

of the 1990s: multiple drug resistance. Let's take another look

at a few of our earlier examples.

The most significant of them is the almost forty-year-old case of

the Japanese woman with dysentery, caused by a Shigella bacterium

simultaneously resistant to four antibiotics. This phenomenon resulted

in more than one epidemic. When it was found that other

bacteria -such as normally harmless E. coli- which were isolated

from the intestinal tracts of infected patients turned out to be resistant

to the same four drugs, Tomoichiro Akiba of Tokyo University

concluded that resistance had been transferred during conjugation

in the patient's digestive tract between the E. coli and the shigellae.

Finding multiple-drug-resistant plasmids sitting among normally

friendly intestinal bacteria had to mean that they could easily "hitch

a ride" to anywhere they chose to go. A few years ago, a study conducted

by Dr. Stuart Levy and his colleagues at Tufts University

found that almost two-thirds of the stool samples taken randomly

from people in the Boston area contained bacteria resistant to at

least one antibiotic. This is no longer an unusual finding.

Bacterial resistance to antibiotics is unavoidable. It is a necessary

molecular consequence of the use of antibiotics. And none would

suggest that we abandon the use of antibiotics altogether. What we

have neglected is finding a balance: a judicious use of antibiotics that

would allow the benefits of their use to outweigh the dangers of their

misuse. The scale is too heavily tipped toward danger. Physicians

have failed to appreciate bacterial physiology and biochemistry. But

that is only one part of the problem. The real problem is in the science

marketplace.

Completing the AIDS Hypothesis.

When I spoke again with Dr. Root-Bernstein, I was to discover that

there was another path between antibiotics and AIDS, One just as

interesting and even more direct. It didn't in any war conflict with

what I had learned from Montagnier but rather embellished it.

Whereas Luc Montagnier's research implicates antibiotic use as a

Catalytic agent in the development of AIDS, Robert Root-Bernstein

maintains that antibiotic use can contribute directly to the development

of the disease. The difference between these points of view is

essentially a matter of emphasis. The ways in which their concepts

overlap only strengthen the argument that links antibiotics with

AIDS.

Dr. Montagnier, the discoverer of HIV, has not changed his mind

about the presence of HIV being essential to AIDS. When, at the

Eighth International AIDS Conference in Amsterdam in July 1992,

he said, "I think we should put the same weight on the cofactors as

we have on HIV," he stated his position clearly. He no Ionger believed

HIV was sufficient to cause AIDS but still feIt it was necessary,

although he does grant that there can be exceptions to the

involvement of HIV.

Dr. Root-Bernstein, on the other hand, has deliberately chosen to

Stay outside the established thinking about HIV and AIDS. He is on

the editorial board of a newly formed group in San Francisco, "Rethinking

AIDS." Organized by Dr. Charles Thomas, it is composed

of several respected scientists who are calling for a reappraisal of the

existing hypothesis that HIV is the cause of AIDS. They are developing

a hypothesis that may not include HIV at all.

Root-Bernstein believes that HIV is just another immunesuppressing

cofactor. He began his second meeting with me by explaining

why he feIt that cofactors played a significant role in AIDS.

He was originally drawn to this concept in much the same war Dr.

Montagnier and Dr. Duesberg were, by observing that it is virtually

impossible for an infection caused by a single virus with affinity for

T -lymphocytes to simultaneously suppress all the different components

of the immune system, as is characteristic of AIDS patients:

T -cells, natural killer cells, B-cells and macrophages. This, along

with the increasing rate of AIDS cases without HIV, made Root-

Bernstein highly suspicious that there must be something other than

HIV involved.

And recent epidemiological data clinched it for him. Studies of

gay men and intravenous drug abusers show that the average time

from infection to overt AIDS is ten years. If HIV alone controlled

AIDS, he said, then about half of the people infected with HIV in

1983 should have developed AIDS by 1993. Yet this is not true of

hemophiliacs, a well-defined group that is easy to study. Of the

15,000 hemophiliacs in the United States who were infected with

HlV between 1981 and 1984, one would expect at least half of them

to have developed AIDS by now. Yet only 1,500 cases of AIDS

among hemophiliacs -10 percent of those infected- have been recorded

during the entire epidemic. "If anything proves that HIV

allone does not control the development of AIDS, this is it," Root-

Bernstein said.

So what else is involved? "Before we can accept HIV as the sole

cause of immunosuppression, he said, "it is necessary to assure ourselves

that alternative explanations of the data do not exist." In other

words, we must determine that the HIV theory is necessary and sufficient

to explain AIDS and that no other theory is necessary or sufficient.

In this regard, a crucial question is: Do AIDS patients have

any identified immunosuppressive risks other than HIV?

The answer, he said, is a definite yes. "All AIDS patients do have

multiple causes of immunosuppression prior to, concomitant with,

subsequent to and sometimes even in the absence of HIV infection."

These immunosuppressive agents are of seven basic types:

chronic or repeated infectious diseases caused by immunosuppressive

organisms (Mycoplasma falls into this category); recreational

and addictive drugs; anesthetics; semen components; blood (from

intravenous drug use and transfusions, malnutrition and antibiotics.

While few AIDS patients are likely to encounter all of these

agents, Root-Bernstein's research has demonstrated that all encounter

at least one of them and very likely several.

Antibiotic abuse, he said, is an immunosuppressive factor that has

been particularly overlooked as a risk factor for developing AIDS.

There is a sad irony here. In contrast to every other item on the

cofactor list, antibiotics are viewed as a disease preventive. The evidence

is strong that they may be doing just the opposite.

Antibiotic abuse is especially common in the two largest population

groups at risk for AIDS: gay men and intravenous drug users.

Gay men were aware of their disease vulnerability long before AIDS

emerged as a problem. Many of them readily volunteered for tests

of experimental hepatitis vaccines in the 1970s. Many became

chronic users of antibiotics, either prophylactically or to treat recurrent

venereal infections and other problems. Antibiotics are almost

always self-administered and frequently obtained by manipulating

unsuspecting physicians and even pharmacists.

A formal survey of antibiotic use among gay men was published in

1987 in the Southern Medical Journal. Dr. Linda Pifer and her associates

at the University of Tennessee School of Medicine conducted

an extensive study of regular male homosexual patrons of gay

bars in Memphis. Along with other overlapping practices, such as

the abuse of recreational drugs and the routine use of inhalant nitrites,

more than 40 percent of the men were found to be regularly

treating themselves with prescription antibiotics.

Many intravenous drug users are also aware of their unusual risk

of infection and therefore also take prophylactic measures that they

believe protect them. In a letter to the editor in the Journal of the

American Medical Association, Drs. Scott R. and Sydria K. Schaffer,

who practice internal medicine in Philadelphia, reported that

approximately 60 percent of the intravenous drug abusers they saw

Many intravenous drug users are also aware of their unusual risk

of infection and therefore also take prophylactic measures that they

believe protect them. In a letter to the editor in the Journal of the

American Medical Association, Drs. Scott R. and Sydria K. Schaffer,

who practice internal medicine in Philadelphia, reported that

approximately 60 percent of the intravenous drug abusers they saw

during a three-month period at the emergency rooms of Temple University 

and Hahnemann University hospitals were using antibiotics

in the hope of preventing cellulites, phlebitis and abscess formation,

all common infections in intravenous drug abusers. 

The feeling of these physicians was that considerably more than 60 percent

were using antibiotics. A good reason for withholding this information from 

the interviewers was to conceal the way in

which the antibiotics were frequently obtained. Virtually everyone 

of the IV drug abusers seen by these doctors admitted that they received 

antibiotics on the street from their drug dealer. 

Antibiotic abuse and illicit drug abuse have become synonymous,

a practice repeated daily for months or even years on end. "The

irony of the situation," Dr. Root-Bernstein said, "is that in protecting

themselves against everyday infections, they open themselves

up to more exotic and more deadly infections." Many of these infections,

such as Pneumocystis pneumonia, fall under the umbrella of

the almost thirty conditions currently defined as AIDS.

The most common antibiotic supplied, reported by every patient

the Philadelphia doctors saw who admitted to antibiotic abuse, was

the Cephalosporin Keflex, a broad-spectrum antibiotic. Besides fostering

the development of bacterial resistance, Keflex also has

strong immunosuppressive properties. This is not merely a theoretical

risk: the connection has been demonstrated clinically. Dr. P. H.

Chandrasekar and his colleagues at Wayne State University School

Of Medicine in Detroit reported in 1990 that illicit antibiotic use was

one of the main factors (along with the duration of intravenous drug

use, sexual promiscuity, and malnutrition) closely associated with

the subsequent development of AIDS. In many cases, the association

was completely independent of infection with HIV. .Antibiotics have been recognized as immune-suppressing substances for some time. As far back as the 1950ies, in the still early days of antibiotic use, there were many reports published that high doses

of penicillin compounds often resulted in opportunistic infections

with various fungi and yeasts, such as Candida albicans. Although

the elimination of the yeast' s enemies -the so-called good bacteria- by

the antibiotic plays a role in these infections, so does an impairment

iin our body's immune system, whose function is to stop these ubiquitous

organisms from overgrowing. Yeast infections have ranged

from the annoying but nonthreatening vaginal variety to the deadly

Candida septicemias increasingly common in cancer and AIDS patients.

This immune impairment occurs through a variety of biochemical

mechanisms, depending on the drug involved. The antibiotic chloramphenicol

is described as "immunotoxic" because it has been established

that it can inhibit several types of immune responses,

sometimes quite severely. When men previously immunized for tetanus

were given chloramphenicol for ten to fourteen days and then

given a booster injection, their antibody response -which should

have been vigorous- was actually significantly suppressed. It has

even been possible for researchers to prolong the survival of skin

grafts between completely untreated donor and recipient animals

by giving the recipient chloramphenicol in advance to prevent the

immune system's rejection. This was not a welcome discovery with

potential therapeutic implications for human transplantation, but

rather an indication of how broad the repressive reach of this antibiotic

is across the entire immune spectrum. The most widely accepted

account of how chloramphenicol is able to so effectively

suppress immune function is that it is very efficient at inhibiting all

protein synthesis, including the proteins the immune system needs

to perform its various tasks.

If this effect were limited to chloramphenicol, there would be little

danger for gays, IV drug users and others at risk for contracting

AIDS. Chloramphenicol, however, is only the prototype for a wide

range of antibiotics that have a suppressive effect on protein synthesis

and therefore on several aspects of immunity. The mechanisms

differ slightly from drug to drug but they all work in much the same

way. Most notable among this group is tetracycline, the antibiotic

Luc Montagnier correlated with the resistant mycoplasma when he

proposed a different way its use can lead to AIDS. Tetracycline is a

favourite of gay men as a prophylactic drug.

Other antibiotics, those that interfere with the metabolism of folic

acid, are potentially dangerous to immunity as weIl. Included in this

group are the sulfa drugs, as weIl as trimethoprim and pyrimethamine.

Inhibition of folic acid synthesis is beneficial to a point, since bacteria 

need to make this vitamin in order to reproduce.

But if the antibiotic is taken for long periods of time, or in high

Doses its effects go beyond inhibition of microbes and interfere with

1 immunology.

I Many of the new era antibiotics, including the latest cephalosporins

(which the Philadelphia survey found were abused by everyone of

the intravenous drug users interviewed), amikacin and piperacillin,

have been described as "immunomodulatory", meaning that they

affect only specific parts of the immune system, implying that they

are less devastating. In terms of progression toward AIDS, however,

that is not the case. Apart of the immune system these antibiotics do

modify is the T-cells, the area that most goes awry in AIDS.

How do they do this? It has been demonstrated that the antibiotics

in this group deplete or bind and otherwise make unavailable

crucial minerals, especially zinc but also calcium and selenium.

T-cells are known to require one or more of these elements for division

and cloning, necessary components of an immune response

to a foreign invader. Lacking this ability, one would quickly become

vulnerable to the type of opportunistic infections characteristic of

AIDS. In 1992 scientists at Vanderbilt University School of Medicine 

discovered that the subset of T-cells that require zinc for growth the most

 are those known as CD4, a term which by now has become familiar in the 

AIDS vocabulary. By definition AIDS cannot exist without a depletion of D4 T -cells below a level of 300. 

Even without using antibiotics, gay men and IV drug users typi- "

cally have unusually low serum levels of zinc and selenium com- .,'

pared with heterosexual men and women and lesbians. Although the reason for this 

hasn't been determined conclusively, some scientists

believe it secondary to poor nutrition, increased numbers of

infections or a combination of the two. This has been found in completely all

asymptomatic individuals, not just those already diagnosed

with AIDS. So, when you add antibiotic use, you are adding something

that severely exacerbates any already existing nutritional deficiencies,

further compromises the immune system and pushes it over the brink.

Antibiotics specifically used to treat parasitic infections also have

a variety of immunosuppressive effects. Africans could be especially

affected by these drugs. Prone to both malaria and a parasitic worm

infestation called schistosomiasis Africans also show a proneness to

develop AIDS. Chloroquine, the antibiotic most commonly used to

treat or prevent malaria, has been extensively studied for its immunosuppressive

effects. In laboratory studies, the proliferation of T-cells, as weIl as their ability to kill foreign invaders, was decreased from 25 to 100 percent after treatment with chloroquine. 

So potent and immunosuppressive agent is chloroquine that it is even occasionally

used in the treatment of severe rheumatoid arthritis, a disease

manifested by excessive activity of the immune system, in many

ways on the opposite end of the spectrum from AIDS. According to

Dr. Root-Bemstein, there have not been any adequate studies under

clinical conditions of the immunological toxicity of antiparasitic

drugs, but it is his feeling that they are involved in the high incidence

of AIDS in Africa.

Gay men use antiparasitic antibiotics extensively. From 20 to 50

percent of gay men in major American cities experience repeated

bouts of the "gay bowel syndrome," a confluence of several parasitic

infections (such as amebiasis and giardiasis) in their intestinal tract.

Because of this, they are routinely treated (even prophylactically by

themselves and by some physicians) with antiparasitic antibiotics.

There are still other ways in which antibiotics could conceivably

increase the development of AIDS, some through the immune system

and others via different mechanisms. The antifungal drug ketoconazole,

often used to treat infections of gay men at risk for AIDS, inhibits the production of

cortisol by the adrenal gland and subsequently causes lass of appetite, weight loss, potassium and sodium disturbances in the blood, as weIl as low blood pressure. Lack

of adrenal cortisol reserve is extremely dangerous for anyone subjected

to major stress, especially surgery.

The antibiotic rifampin accelerates the breakdown of adrenal cortisone.

The antibiotic trimethoprim-sulfamethoxazole, commonly

used by gays and IV drug users, has been associated with acute pancreatitis,

a condition found in half of gay men on autopsy. This is the

same antibiotic that has an adverse effect on folic acid.

Nitrite compounds are not antibiotics but can interact with them

in an evil way. Inhalants such as amyl nitrite and butyl nitrite, more

commonly known as "poppers" or "snappers," are mainstays of the

gay lire-style. The same study on gay men in Memphis which found

that 40 percent regularly abused antibiotics also reported that 80

percent of the men used nitrite compounds at least occasionally and

that 30 percent used them more than once a week. In major cities

such as Washington, D.C., San Francisco, Los Angeles and New ,:

York, approximately 95 percent of gay men report using nitrites, often 

regularly. The reason for abusing these drugs relates to the dilatory 

effect they have on smooth muscles throughout the body. This facilitates

anal intercourse and, because of the dilation of blood vessels in the brain, 

apparently enhances sexual pleasure.

Nitrite compounds themselves have an immunosuppressive effect,

and early on in the AIDS epidemic the Centres for Disease

Control seriously considered the possibility that nitrite abuse was

the cause of AIDS. (This was before the discovery of HIV.) Especially

frightening is the prospect of what can happen when nitrites

and antibiotics are taken together, a highly likely occurrence since

abuse of both drugs is extremely common. In the test tube and in

animal studies, it has been shown that nitrites can convert most antibiotics

into carcinogens; and although not yet proven, it has been

suggested that this same chemical reaction may occur in many gay

men. If that were true, it could account for the unusually high incidence

of both Kaposi's sarcoma and lymphoma (cancer of the lymph

nodes) that is found almost uniquely in this risk group.

Where, then, does all this information leave us? No matter what

we have believed up until now, we have to be suspicious of the role 

of HIV in the development of AIDS. Since we have become so accustomed

to calling it "the virus that causes AIDS" or even equating

HIV infection with having AIDS, it will be difficult to revise our

thinking. But it is clearly time for us to focus on the cofactors,

especially antibiotics. The scientific literature on the immunesuppressing

effects of antibiotics is too abundant to be ignored. This

message must be disseminated to all those at risk.

Dangerous exports from the Third World

When Marshall McLuhan called the world a global village, he was

describing the outcome of an electronic revolution. That phrase can

now be applied to antibiotic resistance. The global village has, in

fact, become a test tube for breeding a multitude of antibiotic resistant

strains of microorganisms. The United States and the rest

of the industrialized world have done a poor job of dealing with this

problem. But even with a well-conceived plan that was perfectly implemented,

we would still be in trouble. The amount of antibiotic resistant

bacteria spewed into the environment in the developed

world is a mere trickle compared with the torrent flooding the Third

World.

The consequences we face as a result of this Third World dilemma

are not hypothetical exercises for scientists to ponder in the medical

literature. It is a grave problem that has the potential to affect us as

directly as any foreign crisis we see on television or read about in the

newspapers. It is a dilemma without national or political boundaries.

Just as these potentially lethal bacteria gain strength in our hospitals

and are then disseminated into the community, so do the resistant

bacteria selected for in Nigeria or Chile or Thailand add to an

expanding global pool. The fallout created can eventually reverberate

throughout the entire world. With nowhere to hide, none of us

will be able to find protection from bacteria that have become as

common and dangerous an export from developing countries as cocaine

and heroin, which we have been just as unsuccessful in interdicting.

Global travel is what connects us to antibiotic resistance in the

Third World. Bacteria that develop there easily attach themselves to

visitors or to products and hitch a ride across oceans and continents.

There are many reasons why the Third World provides such fertile

soil for the production of resistant bacteria. Some are cultural, some

economic. But it finally comes down to two basic factors: inappropriate

antibiotics and inappropriate doses. These are at the heart of

our problem in the industrialized world as weIl. But in the developing

world they take on a truly bizarre aspect.

Sjaak van der Geest, a Dutch medical anthropologist, describes

an experience he had at the Central Lorrystation of Kumasi in

Ghana. Shortly after he arrived, his attention was caught by a young

boy hawking capsules from a plastic had. Dr. van der Geest asked

what the capsules were for. "Piles," answered the boy with an air of

authority .

Van der Geest followed the boy around the station, watching for

some time as he plied his wares. Later, he saw the boy seIl the pills as

a cure for sexual impotence. His curiosity piqued, Vall der Geest

finally bought this wonder drug himself, paying two and a half shillings

for a single capsule. When he arrived back in Holland, he had

the drug analyzed. It turned out to be Penbritin, 250 milligrams.

Penbritin is an antibiotic, certainly useful in the treatment of susceptible

bacterial infections, but hardly indicated for treating piles,

sexual impotence, or whatever other ailments the entrepreneurial

boy sold the antibiotic for that day.

In the open markets in Nairobi and most other African cities, an

array of antibiotic capsules is displayed on huge trays alongside

equally colourful sweets and candies. On any given day, One can see

long lines of people waiting to bur a single capsule of chloramphenicol or

tetracycline or penicillin to self-medicate a headache or a

stomach pain or sometimes not to treat a disease at all, but merely as

a blanket protection against veneral disease. Weaving throughout

these same markets are vendors hustling antibiotics the same way

New York City street vendors seIl watches, T-shirts and incense.

Taking one capsule wouldn't do much, but hundreds of thousands

Of people in the Third World regularly buy antibiotics from street

vendors as part of their daily routine.

These are perfect setups for danger. Every time an uncontrolled

use of antibiotics like this occurs, there is a selection of resistant

strains, either of pathogenic bacteria (if any happen to be present)

or of friendly bacteria, which are always present. That' s why there is

a much greater prevalence of ampicillin resistance, for example, in

Vellore, India, than in Edinburgh, Scotland, and why in Kenya, most

strains of E. coli bacteria isolated from stools in a pediatric observation

ward were resistant to streptomycin, tetracycline and ampicillin,

and why in Bangladesh, more than 80 percent of Shigella

bacteria are resistant to ampicillin and trimethoprim, the first agents

recommended in the treatment of dysentery.

In another study on children, this time on perfectly healthy children,

there was a comparison made among the intestinal bacteria of

infants and small children from Boston, Caracas, Venezuela, and

Qin Pu, China. The study specifically looked at how resistant were

the intestinal bacteria in children who had never taken any antibiotic

(That it was difficult to find children from any of the locations in

this category, even though they were all under five years old, is yet

another indication of how much antibiotics are over utilized worldwide.

The E. coli from the Boston kids had little resistance to any of

eight different antibiotics, but the E. coli from children in China and

Venezuela were already highly resistant.

Another study reported a high level of resistance to 75 percent of

strains of gonococcus in countries with no restrictions on antibiotic

use, but only 20 percent in countries with tight controls. And yet

another study, from the University of Texas, demonstrated not only

the greater prevalence of antibiotic-resistant bacteria in the Third

World but how easily these bacteria can infiltrate the developed

world. Students from the United States who were studying in Mexico

retuned with their intestinal bacteria carrying a resistance plasmid

for the antibiotic trimethoprim, to which they had had no

resistance before entering Mexico, and to which resistance in the

United States in general was rare.

This sort of dangerous subtherapeutic (or nontherapeutic) dosing

doesn't just originate on the street from Third World hucksters. Of-

ten when people in the developing countries take ill they are conditioned

to go to a folk healer, such as the tribal medicine man in Africa

or an "injection doctor" in southeast Asia, particularly in Laos.

These healers traditionally use herbs and other non-Western remedies,

but those have begun to fallout of favour. The belief that Western

medicines are imbued with certain magical therapeutic and

prophylactic powers has been growing in several developing countries

for same time. Therefore, in an attempt to attract more patients

to their dwindling practices, many traditional healers have begun

to incorporate the techniques of Western marketing and give

their patients what they want. They have introduced Western drugs

such as antibiotics into their therapies. While presumably they are

better intentioned than the street hawkers, the results are frequently

the same. These practitioners of Folk medicine have little or

no training in the proper use of ethical pharmaceuticals, and the

antibiotics they prescribe are almost always either subtherapeutic

doses or given to treat diseases that don't require an antibiotic at all.

Even where same controls seemingly exist and a more competent

performance would be expected, the situation is really no better.

Mostly because of the shortage of physicians in the developing

world, the legal role of prescribing and dispensing of drugs, including

antibiotics, has fallen to the pharmacies. Whereas in the developed

world, there is about 1 physician for every 520 people, this

number is about 1 to 2,700 in most of the developing world, and in

so me cases the ratio of physicians to population may be as low as 1

to 17,000. But the pharmacies have the same casual attitude toward

the dispensing of potentially dangerous drugs as the street

vendors do.

I remember a personal experience with this. While visiting Rio de

Janeiro on holiday in 1983, I came down with a sore throat and a

low-grade fever. I wasn't concerned that I had a strep throat, only a

viral cold. Since I had found that (contrary to what many of my colleagues

believed) increased vitamin C intake and zinc lozenges almost

always worked to abate my symptoms, I went from my hotel

across the street to a large pharmacy. Fortunately the pharmacist

understood some English. When I explained what I wanted, he

quickly obliged me with the vitamin C. Although he didn't have the

zinc lozenges, he offered me what he undoubtedly considered a 

superior substitute: ampicillin, neatly packaged in plastic heads of five

capsules. He was not catering to me in this fashion because I was a

physician - he never found that out. I quickly got the idea that he

tried to seIl ampicillin, or some other antibiotic, to customers who

came into his shop for a variety of complaints. To my knowledge,

this practice continues today.

Dr. Diana Melrose of Oxfam in Britain, who has studied the problems

of pharmaceutical abuse in Third World countries, relates a

similar experience she had in North Yemen, where a supposedly

trained pharmacist glibly recommended a very short course of a

drug called Rivomycin Strepto, which he would have gladly provided,

for her diarrhea.

A formal study of pharmaceutical dispensing in the developing

world was conducted in Thailand a few years ago by Visanu Thamlikitkul

from the division of infectious diseases at Siriraj Hospital in

Bangkok. There was some attempt at supervision of the pharmacies,

but ast his study showed it was meaningless. The drugstores in Thailand

are divided into first-class and second-class stores. The first class

stores, of which there are about 1,800 in Bangkok, are required

to have a registered pharmacist on duty at all times. He or she is the

only One legally authorized to dispense antimicrobial agents without

a prescription.

Forty fourth-year medical students were recruited to simulate patients

in this study. They were instructed to fall out, each to a separate

first-class drugstore, and present to the pharmacist a wide range

of complaints, either for themselves or their children. The complaints

included penile discharge, a wound in a four-year-old child,

watery diarrhea in a six-month-old baby, fever with sore throat in

both children and adults, and runny nose and cough in a two-month old baby.

The results were nothing short of astonishing. The medical students

might as weIl have consulted with a street vendor as with these

Thai pharmacists. Only Cour of them refused to dispense medication

to the two-month-old baby, and only one refused the six-month-old.

In every other case, antibiotics were freely prescribed. Both the

types of antibiotics and the dosage schedules varied widely, with no

apparent rhyme or reason. And to further .complicate matters, in no

instance was a full course of the drug supplied. What was given

ranged from a single dose to multiple doses lasting less than four

days, with an average of two days. Even if the conditions bad actually

existed, all the doses would have been subtherapeutic and would

have selected for resistant strains of bacteria. 

Besides a general lack of education in the Third World on what

antibiotics are for, poverty is another reason for their misuse that

physicians and competent pharmacists are forced to deal with. Many

people simply can't afford to take an entire course of antibiotics.

Workers in the Dominican Republic and other countries often have

to spend an entire day's wages on One day's worth of drugs. Taking

medication for tell days would mean their families wouldn't eat. The

choice for them is clear. The economics of the developing world

undoubtedly corresponds to the packaging policies of the pharmacies.

If they seIl antibiotics only in a tell-dar supply, they will seIl none. 

From the proprietor' s point of view, it' s better to ring up a few

capsules on the cash register than none.

Poverty, not surprisingly, creates still other problems. In the

United States, Europe and Japan, if resistance to a drug such as penicillin

or tetracycline develops, there are newer drugs available

which may be better simply because they haven't been on the market

as long and as a result resistance to them will be less prevalent.

But these newer drugs are always more expensive. The governments

of most Third World countries can't afford to import them. Therefore,

there is a vicious cycle: because of lack of controls and previous

abuses, the bacteria that cause diseases in the Third World are

largely resistant to the only available drugs. Yet these drugs are administered.

As a consequence, resistance becomes more and more

entrenched, going to more and different plasmids and then eventually

back to the developed world.

Third World physicians might be tempted to try another solution,

such as pressuring their governments to enact more controls or to

try to purchase at least limited supplies of newer antibiotics, if they 

aren't constantly being pulled in the opposite direction by the horde 

of pharmaceutical sales representatives on whom they rely  for information 

about drug protocol. Even physicians in the industrialized

world have difficulty keeping up with the latest developments

in pharmaceuticals and tend to trust detail men. While there

are strict regulations to adhere to and potentially stiff penalties to

par for violations in the United States, there is no Food and Drug

Administration or comparable organization in most Third World

countries. The pharmaceutical companies there can say pretty

much what ever they want about a drug. And they do.

This situation has improved quite a bit in the past several years,

however. Under pressure from research by Dr. Phillip R. Lee and

Dr. Milton Silverman of the University of California, San Francisco

( Dr. Lee is now assistant secretary of Health and Human Services in

the Clinton administration), who first uncovered many of the unethical

marketing practices as long ago as the 1970s, the International Federation 

of Pharmaceutical Manufacturers' Associations

(IFPMA) promulgated a Code of Pharmaceutical Marketing Practices

in 1981. Member companies were called upon to conduct all

their dealings with "complete candour" and to restrict their claims to

those that could be supported by scientific fact. According to

follow-up research by Dr. Lee in the late 1980s, most of the large

multinational member companies have been very good about complying

with these regulations.

The IFMP A Code has been supplemented by legal action and dissemination

of literature by several consumer groups. These include

Health Action International (HAI), an umbrella for many consumer

organizations worldwide; the International Organization of Consumer

Unions (IOCU); Social Audit in England; and the recently

formed Medical Lobby for Appropriate Marketing. The result of

action by an of these groups has been the removal from the market

of several ineffective or potentially harmful drugs, especially the

dangerous or irrational combinations that are so common in the

Third World. There has also been modification of several misleading

advertising claims. Unfortunately, the ending is not entirely

happy. Discrepancies still exist, because many of the smaller pharmaceutical

firms, based in the Third World, have continued their

unethical marketing, so physicians are still prescribing antibiotics

for the wrong conditions -and the problem continues with no foreseeable

end.

How much damage does the deplorable state of antibiotic use in the

Third World actually do? It's been known to be a serious problem

ever since 1969, when a dramatic pandemia of dysentery began in

Guatemala and eventually spread to involve six Central American

countries and southern Mexico before subsiding the following year.

As many as 500,000 cases occurred during this epidemic, with many

thousands of deaths. Much of the devastation was traced to an epidemic

strain carrying an R-plasmid which imbued it with resistance

to sulfa drugs, streptomycin, tetracycline and chloramphenicol.

A short time later, in 1972, a large outbreak of more than 10,000

cases of typhoid fever occurred in and around Mexico City. Later, in

the 1970s and the 1980s, similar outbreaks of disease-carrying multiple

antibiotic resistance surfaced in developing countries all over

the world, from Mexico to Bangladesh, India, Burma, Sri Lanka and

Zaire.

Also in the 1970s, a devastating cholera pandemia in Africa was

caused by the so-called EI Tor bacterium (a strain of Vibrio cholerae,

the causative agent of cholera). Today in much of Africa, over

50 percent of these bacteria are resistant to tetracycline. Despite

this widespread resistance, tetracycline continues to be used in almost

astonishing amounts. Nothing has changed since Dr. Stuart

Levy of Tufts University, a worldwide expert on antibiotic abuse,

witnessed the following incident in 1981 while visiting a laboratory

in Jakarta, Indonesia.

One hundred thousand Indonesian Muslims were to make a pilgrimage

to Saudi Arabia, fulfilling a lifelong dream. The Indonesian

Ministry of Religion was concerned, however, about the spread of

disease among people travelling so far and for so long in such close

quarters. The most likely disease they might contract was cholera.

As a precaution, besides performing bacterial cultures on all foods

served on the airplanes and trains, everyone of the 100,000 pilgrims

was given a course of tetracycline. Not only were these prophylactic

doses ill advised in general, but with the bacteria already resistant to

tetracycline, the administration of the antibiotic only worsened the

problem. But this was the only drug the government had available.

And this was the only way it could think of to combat the danger.

Not long after the epidemics welt roaring full-force through the

developing world, it was discovered that the resistance genes were

not going to be confined. In many cases, travellers to these countries

either came down with the same diseases-resistant to multiple anti-

biotics-or else became carriers of the antibiotic-resistance plasmids

and brought them home.

We have also seen this same phenomenon of transfer of antibiotic

resistance originate from instances that weren't catastrophic, or

even noticed at the time, but which have caused us problems nonetheless.

Until American servicemen went to Vietnam, gonorrhea in

the Western world was universally sensitive to penicillin. But when

Americans began to regularly frequent the brothels of Saigon, they

acquired an unusual strain of gonorrhea that was almost completely

resistant. The prostitutes in these brothels had, for same time, been

receiving regular doses of penicillin to keep them free of disease.

This perhaps well-intentioned but poorly advised practice had exactly

the opposite effect. It eventually selected for the rare

penicillin-resistant strains of gonococcus, which were transmitted

to the American soldiers, who then brought them back to the United

States. Today, it is rare to find a strain of gonococcus that is sensitive

to penicillin anywhere in America or Europe.

And now that we are in the post-Cold War era, we can expect the

exportation of antibiotic-resistant strains from places such as Hungary

(where more than 50 percent of the pnemococci are already

resistant to penicillin) and other countries that large numbers of

Americans are travelling to for the first time. The situation doesn't

have to be this way. A survey of antibiotic use in primary care clinics

in Harare, Zimbabwe, demonstrated that it was possible to train the

ancillary staff to prescribe antibiotics appropriately. The performance

of these clinics was as good as that in most in the United

States. And recently, in both Nigeria and Costa Rica, groups have

begun speaking out and lobbying those responsible for health policy

and purchasing to eschew the outmoded, dangerous antibiotics in

favour of discreet use of the more effective ones. Of course, if the

newer drugs are not used judiciously, the cycle will start all over

again.

Bigger Animals, More Resistance

A few years ago, I attended a scientific meeting at the University of

California in Berkeley. At a Saturday evening social event, a dinner

dance aboard a chartered ship, my wife and I were introduced to Dr.

Thomas Jukes. I had known Dr. Jukes, now nearing the age of

eighty-five and a professor emeritus of biology at Berkeley, to be a

nutritional researcher of some prominence. He had done some of

the seminal work on vitamin B12 in the 1940s and 1950s. But I was

about to discover another aspect of Thomas Jukes. I was in the presence of the man

whose work was arguably responsible for more antibiotic use

in the United States than any other individual's.

In 1948, when Dr. Jukes was a young researcher at Lederle Laboratories,

he and his colleague Robert Stokstad were looking for

ways to improve growth in chickens. They were specifically hunting

for sources of vitamin B 12 that could be added to poultry feeds, most

of which were prepared from soybean meal and were devoid of vitamin

B12, which is not produced by plants. A number of chance

circumstances led them not only to what they were seeking but far

beyond.

Only one year earlier at Lederle, another scientist, Benjamin

Duggar, had isolated chlortetracycline (also known then as Aureo-

mycin), the first of the tetracycline antibiotics, from soil bacteria.

This had been hailed as a major breakthrough, and large-scale production

of chlortetracycline was begun, employing huge vats of the

soil bacteria. Once the antibiotic had been extracted, the vats remained

filled with a mash of leftover bacteria, something for which Lederle had no

other use, so Jukes and Stokstad claimed it, knowing that bacteria can produce

vitamin B12. Here, they thought, tailormade for their purposes, was a cheap and readily

available source of the vitamin.

When Jukes and Stokstad added the mash to the diet of young

chicks, the growth that resulted was far greater than they could have

expected. After only twenty-five days, the chicks eating the mash

were almost three limes the size of other chicks that had been given

a purified source of vitamin B12 in their food. The scientists could

hardly believe their eyes. This sort of growth was unheard of; it had

to be something more than the effect of the B12. To be certain their

discovery wasn't an anomaly, Jukes and Stokstad repeated the experiment

over and over, varying the conditions in every way they

could think of. "Very few experiments have been repeated so many

times," Dr. Jukes told me. And each time they saw a remarkable

growth effect from the bacterial mash, although not always as dramatic

as in their original experiment. Thoroughly excited by their

finding, they dubbed their as yet unidentified compound a new nutritional

"growth factor."

That growth factor turned out to be traces of the antibiotic

chlortetracycline left in the fermentation tanks after extraction. And

it was later discovered that tetracycline was not only a powerful

growth stimulant in young chicks, it was equally effective in cattle

and hads.

When Jukes announced these findings at the American Chemical

Society annual meeting in Philadelphia in 1950, they were

widely trumpeted by the press. The Daily Telegraph in London

headlined its story "Drug Speeds Growth Fifty Percent; Effect on

Animals," and said that "the American Chemical Society has announced

in Philadelphia that the drug Aureomycin, hitherto

known for its anti-infection properties, is also one of the greatest

growth-promoting substances ever discovered." In a very short

time, this discovery became the biggest boon ever to livestock and~

poultry production, transforming it from the small  usiness it still

was in the early 1950s into the multibillion-dollar industry it is today.

Since Jukes had found only minute amounts of tetracycline,

about five parts per million, was just as powerful a growth stimulant

as larger amounts, the additional cost to farmers and ranchers would

be minimal. And since government~ regulatory agencies viewed the

addition of the antibiotic to animal feed as a nutritional supplement

rather than a therapeutic intervention, the antibiotics could be sold

without a prescription. In fact, so unanimous was the approval

for using the antibiotic in animal feed that the farmers weren't

even given the option to use it or not. Frequently the antibiotic was

added to the feed during manufacture, right along with vitamins and

minerals.

When Jukes tried to duplicate the growth-stimulant effect with

the only other available antibiotic, penicillin, he succeeded with it as

weIl. Since that time, other antibiotics have been shown to have a

growth-stimulant effect, but tetracycline and penicillin remain the

most commonly used in animal feed.

Here's the rub. Antibiotics have been used for growth promotion

for more than forty years, and we still don't know how they work to

accomplish this result. Dr. Jukes told me he believes that all so

called normal young animals are marginally sick, that is, infected

with bacteria. These bacteria, he explained, could slow growth in

one of two ways, or a combination of both. They could compete directly with 

the animal for the limited supply of nutrients, or they

could compete for nutrients with the friendly intestinal bacteria which make certain other nutrients (such as vitamin B12). In either case the antibiotics would make more

nutrients available to the animal and speed growth. Although some other researchers have at times attributed same hidden, still undiscovered nutritional value to

antibiotics, Dr.Jukes disputes this. Animals raised in a laboratory

under strictly sterile conditions, in what is called a germ-free environment,

do not benefit from the addition of antibiotics to their

feed. They grow no faster. This implies that the effect of antibiotics

is an antibacterial one. And antibiotics given to animals pass through

their intestines unchanged. If they were providing some nutritional

benefit, it would be logical to expect them to be somehow metabolized.

Why, after all this time, haven't the mystery bacteria responsible

for making the animals sick been identified? Jukes's answer is that

the intestine of a warm-blooded vertebrate contains some twenty-one trillion bacteria, many species of which still haven't been isolated.

When first introduced, the antibiotics provided a whole variety of

benefits. Although sanitary conditions on many farms and feedlots

are not ideal today, they were much worse forty years ago. Before

the use of antibiotics, the land on which animals were raised was

often contaminated by parasites that caused diseases. Bloody diarrhea

caused death in young pigs, and chickens died by the thousands,

suffocated by air-sac diseases. Baby calves frequently

perished from a condition called scours. These problems were alleviated

by antibiotics.

But it was the growth factor, unquestionably, that secured the use

of antibiotics as routine. There are approximately six billion animals

raised each year in the United States for human consumption, primarily

cattle, swine and poultry, thirty times more than all the peopIe

in the United States, and more even than the total population of

the world. Most of these animals receive antibiotics every day in

their feed, from the time they are weaned until the day they are

slaughtered. This amounts to about twenty million pounds of antibiotics

a year, twice as much as is used in humans -although in the

early days, the practice of using these drugs in this war almost spilled

over into the human population. So successful were the animal results

that Dr. Jukes and others began to experiment with and subsequently advocated

 the routine feeding of antibiotics to children, presumably believing 

that all young children were as marginally "sick" as young cattle. 

Even after all these years, Dr. Jukes says he

still thinks it' s a good idea and that if there were the same economic

motivation to see children grow as fast as animals, it undoubtedly

would be acted upon.

Not surprisingly, a huge problem developed. What was a boon to

the meat and poultry industries turned out to be a bane to the health

of the world.

Administering a subtherapeutic dose of an antibiotic to an animal

can select for resistant strains of bacteria, in exactly the same

way it does in people. The small amounts of antibiotics given to animals

for growth promotion remain subtherapeutic doses even

though they are given for long periods of time; the problem is only

compounded by the repetition of the dose. If a microbiologist were

designing a laboratory experiment under the most carefully

controlled conditions, the purpose of which was to select for

the greatest number of antibiotic-resistant bacteria, he couldn't

come up with a better scheme than the one carried out on animals

every day.

The resistant bacteria that result from this reckless practice do not

star confined to the animals in which they develop. There are no

"cow bacteria" or "pig bacteria" or "chicken bacteria." In terms of

the microbiological world, we humans along with the rest ofthe animal

kingdom are all part of One giant ecosystem. The same resistant

bacteria that grow in the intestinal tract of a cow or pig can, and da,

eventually end up in Dur bodies.

In 1965, there was a large outbreak in England of food poisoning

and diarrhea associated with Salmonella. Infections of this sort due

to Salmonella are usually mild, and when they are severe enough to

require antibiotic therapy, the response is generally rapid. In this

case, however, many of the bacteria were resistant to several antibiotics,

a situation that resulted in six human deaths. This epidemic

occurred concomitantly with a rash of Salmonella cases in calves;

and investigation revealed that almost 25 percent of the human Salmonella

strains showed the same antibiotic-resistance pattern -tetracycline as weIl as other antibiotics- was found in the calves Salmonella. 

The seriousness of the outbreak led to an intensive inquiry by a

group of government-appointed microbiologists and physicians

called the Swann Committee. In 1969, the Swann Committee issued

a report which concluded that subtherapeutic use of antibiotics

in animals for long periods of time produces a strong selection for

resistant bacteria in the intestinal flora of the animals and that these

bacteria have a potential human risk. The committee recommended

banning the routine use in animals of any antibiotic that was 

commonly used in human therapy. It also recommended that the use of

antibiotics as a feed supplement should require a prescription written

by a veterinarian. The recommendations were accepted in 1970,

and since then the only antibiotics legally allowed to be used in Britain

for growth promotion in animals are those prescribed by a veterinarian

and not used in human medicine. This practice was soon

adopted by several other European countries, including the Netherlands,

all of Scandinavia, and Germany. It was adopted by Canada

as well.

Soon after the ban was put into effect in these countries, the feeling

that the same thing should be done in the United States was

widely expressed. In April 1977, the Food and Drug Administration

proposed to remove penicillin and tetracyclines from animal feed

and place them solely on veterinary prescription "for the shortest

time necessary to achieve the desired result." "The theoretical possibility

that drug-resistant pathogens can be produced by antibiotic

selection has become a real threat," the FDA said. "The point is

that known routes of transfer exist by which antibiotic use in animals

contributes to such threats."

Congress, however, never approved this ban on antibiotics.

Whether or not there was behind-the-scenes lobbying by the livestock

industry, the result was a request for more evidence linking

antibiotic-resistant bacteria that cause human disease with the use

of penicillin and tetracyclines for growth promotion.

Even before 1977, in fact even before Britain enacted legislation

in 1970, the scientific community was sharply polarized on what action

should be taken. And although much of the evidence the FDA

requested in 1977 had already been provided, there was still disagreement.

That disagreement continues.

Not suIprisingly, Dr. Jukes is still solidly on the side of the benefits

of feeding antibiotics to animals and he summarizes for the beliefs 

of several influential scientists who share his point of view. According to him, 

the positive effect on growth has been observed for as much as thirty years at places such as Washington State University, the American Cyanamid Corporation (Lederle) 

and the University of Wisconsin. This growth promotion, he said, has continued 

despite the development of antibiotic resistance by the animals. According to him, 

there was no indication even now that disease had increased in the animals as 

a result of the resistant strains.

The various effects on animals notwithstanding, the crux of the

issue, of course, is the effect of these antibiotics on human health.

This is where the real controversy comes in. Dr. Jukes and several

other scientists believe that there has not been conclusive evidence

showing a definite link between antibiotic-resistant bacteria that

cause human disease and the use of penicillin and tetracyclines for

growth promotion in animals. The term "conclusive" is the catch.

We are dealing here with a problem for which it may be impossible

to offer definitive proof.

The same antibiotics are used to treat both animals and humans,

so it's difficult to sort out which type of usage selects for what type of

resistance. Dr. Calvin Kunin, chief of infectious disease at Ohio

State University School of Medicine, believes that it is the overuse

by physicians on humans and not the subtherapeutic use on animals

that is the problem. He points out that resistance to the newest

antibiotics -the third-generation cephalosporins and the fluoroquinolones,

for example- occurs because of inappropriate use on humans

 and has nothing to do with animals.

Whatever one believes, it is clear that there are no easy solutions

to the problem. In December 1984, Vice President (then Congressman)

Gore presided over a congressional subcommittee hearing on

antibiotic resistance. The entire first day was devoted to the animal

issue. One of the witnesses, Dr. Leon Sabath, a professor of medicine

and infectious disease expert at the University of Minnesota,

pointed out that there are four separate segments of antibiotic use,

all of which contribute to the selection and propagation of resistant

strains of bacteria: the subtherapeutic use for growth promotion in

animals, therapeutic use in treating disease in animals, prophylactic

use in humans, and disease treatment in humans. Limiting just one

segment, he testified, wouldn't solve the problem. If we stopped

using all antibiotics for growth promotion in animals, we would still

have to contend with the inappropriate use in the medical community,

and veterinarians would still have the freedom to prescribe antibiotics

whenever they deemed fit. He pointed out that since the

legislative ban on subtherapeutic antibiotic use in Britain in 1970,

neither resistance nor antibiotic use has decreased at all. Most believe

the reason is that farmers, unwilling to have to deal with longer

growth periods and increased feeding costs, simply have asked

veterinarians for antibiotic prescriptions, and apparently the veterinarians

have complied. Dr. Sabath feIt that since it had been established

in the United Kingdom that a legislative ban on the subtherapeutic

use of antibiotics wouldn't decrease total antibiotic use at all, it was

fruitless to consider it.

Humans can pick up the genes of resistant bacteria from animals

in a variety of ways. The most direct way is through eating meat,

especially undercooked or raw. As to more indirect gene transfers,

Dr. Stuart Levy of Tufts University School of Medicine, one of the

foremost researchers in the world on antibiotic abuse, has estimated

that a cow will excrete about one hundred times the fecal matter of

a human every day. Resistant bacteria that are produced in the intestinal

tract of the cow will be excreted in the fecal matter, and most

of them have the ability to survive. Often this same fecal material is

used to fertilize produce, either directly or after treatment to form a

slurry. In either case, the resistant bacteria are added to the soil and

are incorporated by the vegetables and fruits as they grow.

There has been an increasing concern in recent years over pesticide

residue on produce, but at least there is evidence that these

toxic materials can be washed off in the kitchen if the proper solvents are used.

In contrast, resistant bacteria and antibioticresistance

genes persist even after washing. In fact washing, by

pushing bacteria deep into existing crevices, can make things even

worse. This means that vegetarians -even those who eat only organically

grown produce- may not be protected from exposure to

antibiotic-resistance genes.

Even when animal excrement isn't used as fertilizer, the resistant

bacteria have other ways of spreading around the environment, especially

via contact with birds, insects (flies are particularly adept at

transporting bacteria long distances) and other animals which eventually

bring the resistant bacteria to us. 

Farmworkers, in particular, are vulnerable to picking up

antibiotic-resistance genes from animals. No matter how careful

one is, bacteria are ubiquitous. They can be swallowed or enter

through the nose or even through the skin. More than fifteen years

ago, Dr. Stuart Levy's laboratory group at Tufts University Medical

School examined what happens when subtherapeutic levels of tetracycline,

the same amounts that were normally used for growth

promotion, were introduced into a farm environment. They divided

three hundred newly hatched chicks into six different cages. Four

cages were kept inside a bam and two were placed outside. Half the

chicks received feed controlling tetracycline; the other half didn't.

Over the next five months, the researchers examined the feces of all

the chicks as weIl as the farmworkers and their families.

They discovered that within less than two days after beginning the

feeding, the majority of the E. coli bacteria in the intestines of the

chicks given tetracycline were resistant to the antibiotic, and over

the next three months the bacteria developed resistance to ampicillin, 

as weIl as to streptomycin and sulfa drugs, even though none of the chicks, on the farm, had been given those antibiotics at all. Just as disturbing was that over a period of about six months, the same resistance pattern began to be seen in the farmworkers and

their family members, beginning first with resistance to tetracycline

and followed by resistance to the other antibiotics. It was weIl documented

that none of these people took any antibiotics, including tetracycline, nor did they eat the chickens.

In a conversation I had with Dr. Kunin of Ohio State University,

he dismissed as purely theoretical the concern that feeding one antibiotic

to animals might subsequently lead to the development of

resistance to multiple antibiotics and that this might then be transferred

to humans. But Dr. Levy's study demonstrates that it is far

more than a hypothesis.

And it is not the only study to show this forbidding prospect. In

fact, studies conducted on pigs on farms in what was East Germany

in the late 1980s carried the transfer of multiple-antibiotic resistance

genes even further. Within six months after introducing

the antibiotic streptothricin into the pigs feed for growth promotion,

the resistance gene showed up in their intestinal bacteria. Two

years later, the same resistance gene was recovered from the stools

not only of many of the farmworkers but also of people who didn't

even live on the farm but merely in the same area.

Although the bacteria acquired from the animals that carry these

antibiotic-resistance genes aren't necessarily more likely to cause

disease, once a disease is contracted multiple antibiotic resistance

will make it very difficult to treat. In some cases it will be impossible,

Despite the inability of any American scientific body to suggest a

legislative ban on the addition of antibiotics to animal feed, things

are moving in that direction anyway. In the past few years, for example,

the Cattlemen's Association has taken an unprecedented

step and recommended that its members stop the routine use

of common antibiotics as growth promoters and instead follow

the British example, employing only those antibiotics not used

in treatment of human disease. There is strong evidence that

many livestock ranchers are heeding this advice and using instead

a chemical called monensin. And other chemicals of this sort are

becoming available. The poultry industry may be heading in the

same direction, but the pork industry still uses tetracycline and

penicillin.

Largely through organizations such as the National Resources

Defense Council and Food Animal Concerns Trust (FACT), the

public is being made more aware of the dangers, creating pressure

where it is most feIt -in the marketplace- and demanding animals

raised without antibiotics. Consequently, we are beginning to

see more of these products available. FACT, based in Chicago, has

launched a chicken-egg product called Nest Eggs, produced by

free-range chickens on farms in New Jersey and Illinois. These

chickens are raised without any antibiotics added to their feed and

are allowed to roam and scratch, instead of being crowded into

tight cages as is common in the poultry industry. These same freerange

chickens are becoming increasingly available in supermarkets

and better restaurants. What was thought to be a fringe

movement started by health fanatics had gained a solid head of scientific

steam. If it keeps going, we will begin to see major changes 

in this area of antibiotic usage, a giant step in the direction of better

health. 

But even as we are developing some solutions to the livestock

problem, we are facing continued and new challenges from other

areas. Agrobusiness is one example. Not only do antibiotics get into

our fruits and vegetables via the fertilizer route, in same instances

the drugs are applied directly to the plants. This practice is extremely

common in fruit orchards. Just like people, plants are vulnerable

to a variety of bacterial infections, and many growers apply

the antibiotics in an attempt to prevent these diseases at particularly

vulnerable points in the growing cycle. Although the antibiotics are

occasionally injected directly into the tree trunks, more often they

are sprayed, either by budge ground-based machines or from airplanes.

While this may be a more efficient war of getting antibiotics

into the trees, it also spreads them onto many other bystander plants.

This leads to more bacterial resistance to antibiotics, which can then be 

transferred to humans. Even though the plant bacteria rarely

cause disease in humans, the resistance genes are now residing in

the intestinal tract and can eventually be donated to disease-causing

bacteria.

The fish industry is another area where antibiotics are being used

more and more. As we have become aware of the health beneits of

eating fish, Our consumption has increased, and fish farms are

sprouting up around the United States, producing catfish, traut and

salmon, imitating practices already in place for many years in Japan

and Scandinavia, where the majority of fish consumed are cultured

rather than caught. In whatever country it takes place, most of these

fish are given antibiotics in their feed. There is little evidence that a

growth-promoting effect exists for fish as for other animals, but

many species are susceptible to bacterial diseases, so antibiotics are

used frequently. By law in the 'United States, the administration of

the drugs must be stopped several weeks before the fish are sold for

consumption. This ensures that there will be no antibiotic residue in

the fish (for which they are periodically inspected), but it does not

protect against the presence of antibiotic-resistant bacteria (for

which the fish are not inspected).

In addition, antibiotics are indiscriminately given to our pets, either

by small-animal veterinarians or sometimes by the pet owners

themselves. In virtually all pet stores, there are antibiotics for sale

without prescription. These are meant mostly for fish hobbyists, but

there are numerous accounts of the same antibiotics being given to

dogs and cats, and even sometimes taken by the pet owners themselves.

This is not a trivial matter. There are more than 150 million

bigger animals, cats and dogs in the United States alone, as weIl as countless fish

and birds as pets. The indiscriminate administration of antibiotics to

them can account for a significant increase in the global pool of resistant

bacteria. Thus it is imperative that we address each of these

areas of antibiotic abuse as diligently as we have begun to address

the livestock and poultry problem.

Fifteen Things You can do

to Avert Catastrophe

Given the perils of the inappropriate use of antibiotics, it is a practice

that must be stopped. And all of us can play a part in the following

program. This is not a program for you to read and set aside. It is

a call to action -your action. In virtually everyone of the facets of

this plan, there is something you can do. In some cases, you can

apply the advice to yourself. But most of the time you will be called

upon to interact with either your physician, a medical society or the

government. The specific names and addresses of those you should

contact appear in the last section of this book. Implementing the

plan will cost money from funding authorities, so we all must be

insistent and persistent. We can no longer ignore the problem. The

stakes are too high.

1. MEDICAL STUDENTS AND RESIDENTS MUST

BE TAUGHT WHAT THEY NEED TO KNOW

ABOUT ANTIBIOTICS

Dr. Donald Kollisch is a family practitioner who has been on both

sides of the fence, formerly in private practice and now as a teacher

in the family practice residency program at the University of North

Carolina School of Medicine. He admitted to me that he was appalled

at how little his colleagues or the students and residents who

pass through his service know about the clinical use of antibiotics.

"The time has come to stopp giving students lists of germs to memorize

in microbiology and integrate it more with clinical teaching,"

he said. "It is the only war we can prepare them for dealing with patients." 

Dr. Kollisch suggests that in the first two years of medical school the

So called preclinical years when students spend most of their

time in classrooms or laboratories -during microbiology classes,

whenever the structure and physiology of a particular type of bacterium

are being taught, the students should be taken to the hospital

floor to observe a patient infected with that organism. If the topic of

the lecture that day is Streptococcus pneumoniae, then a patient

with the pneumonia it causes should be examined. Right then and

there a discussion should be held about how best to treat that patient,

which antibiotic to use and why, and it should be correlated

with strong admonitions about inappropriate use and the development

of resistance. Only then will the integrated message hit home.

"If the same plan is carried forward into residency, perhaps we can

start turning out doctors who understand more how to deal with the

resistance problem", Dr. Kollisch said.

What you can do: Strongly urge your physician to put pressure on

specialty board organizations, local and state medical societies, and

the American Medical Association; also include the American Associ~

tion of Medical Colleges and the liaison Committee on Medical

Education, the two organizations that oversee the standardized

medical school curriculum taught in the United States. Regardless

of whether your doctor agrees or not, write to these organizations.

Encourage everyone you know to do the same.

2. PHYSICIANS MUST TAKE PERIODIC

RECERTIFICATION EXAMS IN WHICH THEY ARE

TESTED ON ANTIBIOTIC KNOWLEDGE IN ORDER

TO RETAIN THEIR MEDICAL LICENSE

The increasing number of Continuing Medical Education courses

that are becoming available is a good start. But it's not nearly

enough. First, it must be made mandatory for every physician who is

in the position of prescribing or monitoring antibiotics (we could

exempt, for example, psychiatrists, radiologists and physiatrists specialists

in physical medicine and rehabilitation) to take an annual

update course in antibiotics and infectious diseases, with emphasis

on appropriate usage to avoid selection for resistant strains of bacteria.

Second, every few years it would be required for physicians to

pass an exam on this knowledge, not only in order to remain in good

standing with one's specialty board but also to retain the license to

practice medicine. This could, and should, include knowledge in

other areas of medicine as weIl, but antibiotics cut across all specialty

lines and are the key component.

There is a bit of good news here. As a bold first step, the American

Board of Family Practice has already begun recertifying its member

physicians and there is talk that the American Board of Internal

Medicine will do the same. What we need now is to extend recertification

to surgeons, obstetrician-gynecologists and pediatricians,

make certain the material the doctors are being tested on includes

the right information about antibiotics, and tie it in to license renewal.

What you can do: Lobbying your physician for recertification is

likely to fall upon deaf, perhaps even hostile, ears. While inteIlectually

admitting the desirability or even the necessity of periodic

recertification, few doctors would relish having to study as they did

in medical school. But thousands of calls and letters to the state

medical boards that control doctors' licenses, as weIl as to the various

specialty boards, can be a strong incentive for change. Ask

your congressional representatives and senators (both state and

federal) to intervene and put further pressure on the licensing

boards.

3. GIVE HOSPITAL PHARMACISTS VETO POWER

OVER DOCTORS

As so many antibiotic-resistant bacteria are bred in hospitals, a great

deal of effort must be concentrated there. Strong reins must be put

on profligate prescribing of antibiotics.

Same small inroads have already been made in this area. According

to both Dr. Calvin Kunin, chief of infectious diseases at Ohio

State University School of Medicine and the physician responsible

for establishing the antibiotic auditing system used in most hospitals,

and Dr. Harry Gallis, an infectious disease specialist at Duke

University Medical School, there has recently been improvement in

the war prophylactic antibiotics are administered by surgeons. The

short course is beginning to catch on. As approximately half the

antibiotics used in hospitals are for prophylactic purposes, the pressure

to limit antibiotics for this use to only one dose before surgery

needs to be continued.

The way to make certain that occurs, as weIl as improving other

areas of antibiotic use in hospitals, is to put restrictions on the antibiotics

physicians can use and the situations in which they can use

them. In this scenario, the hospital pharmacist is someone you may

be able to trust more than your own doctor to make intelligent decisions

about antibiotics. The pharmacist occupies an influential position

on the hospital formulary committee, the organization in the

hospital that determines what are the appropriate antibiotics to treat

certain conditions. The pharmacist doesn't act alone on the committee

- there are usually infectious disease specialists, infection control

nurses and the hospital administrator as weIl-but the burden

of assessing and sometimes vetoing doctors' orders falls on him.

What will keep the members of such committees pure, free of pressure

from the pharmaceutical companies lobbying to have their antibiotics

kept off the restricted list, is going to be the increased

emphasis on managed care. To hold down costs, there will be more

significance placed on both using the cheaper antibiotics and using

them for only the length of time and in the situations for which they

are needed. As an upshot of these money-saving policies, the emergence

of resistant strains will be held in check.

Mandatory restrictions have already been tried in same institutions with 

varying degrees of success. Dr. Stephen Barriere is a hospital

pharmacist at UCLA Medical Center, like many hospital

pharmacists he has an advanced degree called a Pharrn. D.) who

chairs the formulary committee. Dr. Barriere told me that things in

his institution have worked out pretty well. Because repeated audits

revealed overuse, restrictions were placed on the administration of

several newer and more expensive antibiotics, including ciprofloxacin,

imipenem and the combination drug ampicillin/sulbactam. Every

time a physician orders one of these drugs at UCLA there has to

be a "mandatory consult" with the pharmacy department to deter-

mine whether the order is justified. If in the view of Dr. Barriere the

antibiotic is not justified, he has the authority to veto the order and

ask the doctor to prescribe another antibiotic. As might be expected,

Dr. Barriere told me that physicians first bristled at having their authority

questioned in this manner, but eventually came to accept

that if they learned the appropriate circumstances for prescribing

the drugs on the restricted list, their orders would be approved.

But Dr. Barriere and other formulary committees also found out

that the guard can never be relaxed. According to Dr. Cheryl Himmelberg,

also a Pharrn. D. at the University of North Carolina School

of Medicine, while the mandatory consult/veto program was in place

at her hospital, inappropriate antibiotic use and bacterial resistance

declined. As soon as the restrictions were lifted, however, it was like

floodgates breaking, and the number of prescriptions for the previously

restricted drugs increased by 158 percent. Clearly, these restrictions

need to be kept in place, and not only in just a few teaching

hospitals around the country, but in every hospital where a formulary

committee exists.

What you can do: Once again, for obvious reasons, your doctor is

not the best conduit to action. Put pressure on the administrators of

hospitals in your area. Write to the Joint Commission on the Accreditation

of Healthcare Organizations and insist that mandatory restrictions

be placed on antibiotic ordering.

4. EDUCATE PHYSICIANS VIA COMPUTER AT THE

TIME THEY ORDER AN ANTIBIOTIC

Dr. Jeny Avorn, professor of social medicine and health policy at

Harvard Medical School, is a pioneer in the field of physicians' prescribing

habits and how to change them. Although he is not against

the hospital pharmacist having veto power, he believes that physicians

may respond just as weIl to a softer seIl, a more educational

approach. In same cases, such as the larger hospitals where there is

a formulary committee, the two methods could be tried in tandem.

One plan Dr. Avorn recommends is a consultation, not with the

hospital pharmacist, but with the infectious disease specialist. This

meeting would also be mandatory, but the difference is that no veto

power would be involved. Instead of restricting a doctor from using

a particular antibiotic, the infectious disease specialist would try to

educate his fellow physician about why antibiotic X may be a better

choice to reduce propagation of resistance than antibiotic Y. Dr.

Avom is confident that most doctors under these circumstances will

make the correct choice and won't need shackles. This procedure

has been tested in only a limited manner, however, and the soft seIl

clearly needs more trials. The veto should loom in the background,

ready to be called into action if necessary.

Dr. Avorn has also developed a more innovative educational approach,

operating on the same foundation that doctors will make the

appropriate decisions if presented with the correct information at

the right time. To that end, he has created the structured educational

order form for antibiotics. For the program to work, it is mandatory

that hospital policy be changed so that any antibiotic ordered must be

entered on the structured form, different for each antibiotic. The

form contains educational messages and graphic reminders about

the proper use of the antibiotic being ordered, not only what infections

it should be used for -for example, "the aminoglycoside antibiotic

of choice in this hospital is gentamicin unless infection with

Pseudomonas is suspected or proven"-but also the recommended

dose and length of administration. The message is very similar to the

highly effective pharmaceutical advertisements that physicians read

in their medical journals, colourful and eye-catching.

Dr. Avorn designed this form in 1988, and in limited testing it has

worked very weIl to bring physicians' antibiotic prescribing habits

into line. In One study he conducted, the use of the most expensive

antibiotics (the sameones that are newest and to which it is vital to

preserve bacterial sensitivity) plummeted by more than 70 percent.

A very attractive feature of the structured order form is that Dr.

Avorn is already adapting it to be used on computers, the vehicle by

which most antibiotics will be ordered by the end of the decade.

"This will provide an even greater opportunity to educate hospital

staff physicians," Dr. Avorn told me. The software he is developing

not only will be able to keep up to date with the antibiotic sensitivity

patterns in the hospital and feed them back to the physician at the

time the antibiotic is ordered on the computer terminal, but will be

interactive as weIl. It will provide an individualized tutorial about

the prescribing of the particular antibiotic, right at the time the order

is being placed, the time when the doctor will be most receptive

to being educated.

In addition, this computerized order form/tutorial is easily exportable.

Of the more than eight thousand hospitals in the United States,

over half of them are community hospitals with fewer than one hundred

beds. Few of these smaller hospitals have the personnel for a

weIl-structured formulary committee (infectious disease specialists,

for example, in these settings are almost nonexistent). But they all

have personal computers. If Dr. Avorn's software is installed, it will

provide the equivalent of a private consultation with an infectious

disease expert every time an antibiotic is ordered.

What yon can do: Write to the Joint Commission on the Accreditation

of Healthcare Organizations and ask that Dr. Avorn's program,

or one similar to it, be made mandatory. Talk to your local

hospital administrator, especially in the community hospitals.

5. INSTALL HIGH-TECH HAND-WASHERS

IN HOSPITALS

The introduction of disposable latex gloves several decades ago was

an inestimable contribution to medicine. But there has been a backlash.

More than One expert observer has reported that the ability to

pull gloves on and off at will had made hospital personnel far too

complacent about a most basic principle of infection control: handwashing.

We have forgotten the principles of Semmelweis. 

Just as we described earlier, in the story of the Serratia- Klebsiella

multihospital Nashville epidemic in the 1970s, most nosocomial infections

are transmitted on the hands of health care workers. Pathogenic

gram-negative bacteria can survive on the hands for over two

hours, as can others, including the very dangerous methicillin resistant

staph bacteria.

In a meticulous study conducted for more than eight months, involving

almost two thousand patients and reported in 1992 in the

New England Journal of Medicine, Dr. Richard Wenzel and his colleagues

at the University of Iowa College of Medicine found that not

only did more frequent and thorough hand-washing by hospital personnel

significantly reduce the transmission of infections, but what

was used as a washing agent was important as weIl. Many hospitals

use a combination of rubbing alcohol and soap, which proved not

nearly as effective in reducing the nosocomial infection rate as the

antimicrobial disinfectant chlorhexidine.

An innovative means of dispensing chlorhexidine could be a hightech

hand-washer -a small unit with two round openings in which a

photocell activates spinning jets of the antibacterial solution. Limited

studies have shown it cleanses even more thoroughly than standard

washing procedure and that people are more likely to use it

than other methods.

What you can do: Again, write to the Joint Commission on the

Accreditation of Healthcare Organizations and visit your local hospital

administrator. Insist that a strictly enforced hand-washing

policy be instituted, preferably employing a high-tech hand-

 washer, which can be purchased for about six thousand dollars, a

small price to pay if it will encourage more frequent washing and

reduce transmission of resistant bacteria.

6. BALANCE THE PHARMACEUTICAL SALES PITCH

,Programs need to be put in place to address inappropriate prescribing

by office-based physicians as weIl; much of this is the result of

doctors relying too heavily on pharmaceutical detailers for their information.

Dr. Avom has also devised a solution here. "Let the sales

reps come in and take their best shot," he said, "but at the same

time, let's put some mechanisms in place to strike a balance."

The impetus for this is proving to be not antibiotic resistance but

money, but if applied correctly the result will be the same. Many of

the large, powerful corporations in the United States are turning to

managed health care for their employees and in so doing have determined

that many of the antibiotic prescriptions written are unnecessary

expenses. In order to address this, several managed care

companies now employ specially trained pharmacists whose sole

function is to visit physicians and counterbalance the sales pitch they

receive from the pharmaceutical industry.

This program has been called counterdetailing, but Dr. Avorn

prefers the term academic detailing. A session might go like this: A

detailing pharmacist says, "I know you've heard a lot about Cipro,

Doctor, and it' s a good drug, but did you know that in an otherwise

Healthy woman with a urinary tract infection caused by E. coli, ampicillin

is still the antibiotic of choice?" Controlled studies by Dr.

Avom and Dr. William Schaffner of Vanderbilt University indicated

that academic detailing could be quite successful in bringing doctors'

antibiotic prescribing patterns into line.

The large Kaiser Program in California has already adopted academic

detailing, and according to Don Kitajima of Kaiser Northern

California in Oakland, the pharmacist at the helm, early results are

encouraging. Medco, a large drug-benefits manager in Montvale,

New Jersey, has been employed by Blue Cross and Blue Shield of

Massachusetts (Dr. Avorn is their chief consultant) to do the same

thing. The Veterans Administration is also considering adopting academic

detailing.

What You can do: If you belong to an HMO or other managed care

organization, ask if it is using a similar program. If not, explain to the

administrator why it should be and put him in touch with either Don

Kitajima at Kaiser in San Francisco or Terry Latanich at Medco to

get the particulars of the academic detailing program and how the

hospital can become involved.

7. ENCOURAGE USE OF A COMPUTER PROGRAM

FOR DOCTORS' OFFICES THAT HELPS THEM

PRESCRIBE ANTIBIOTICS APPROPRIATELY

To reinforce the academic detailing, an instrument is needed for

physicians' offices such as we advocated for hospitals, a computer

program that provides feedback to the doctor at the time of getting

ready to write a prescription for an antibiotic. It wouldn't have the

mandatory aspect of the hospital-based system, but the desire for

good information and the pressure of periodic antibiotic audits by

the state or county medical societies would provide incentive for the

physician to use the software.

There is already one such program available called Antibiotica

PC: Infectious Disease Analytical Software, available from a small

company called MacroMed in Whittier, California. I purchased a copy of

this program, and although it has some flaws, it is still valuable for 

a physician to have. Undoubtedly there will be other programs

available soon. Dr. Avorn, for example, is working on an office

version of his structured order form.

What you can do: Suggest to your physician that he or she purchase

a copy of the software. The basic version is only one hundred

dollars, the deluxe edition two hundred.

,

8. GIVE PATIENTS LIFE-STYLE PRESCRIPTIONS

Several surveys have been conducted which have shown that the

majority of people still don't know the difference between a viral

and a bacterial infection, and that antibiotics are effective only for

the latter. Because of this lack of knowledge, many patients practically

demand antibiotic prescriptions from their doctors for colds

and other viral infections. As the writing of a prescription has be-

come so inculcated into the modern office visit, rather than have

physicians flatly refuse to offer a prescription when the situation is

inappropriate, Dr. Avorn has come up with yet another vehicle, One

that turns the act of prescription writing into a positive.

His idea is to give patients what looks just like a prescription but

which, instead of providing an antibiotic, is a "life-style prescription,"

which carries an explanation of the difference between viral

and bacterial infections, why antibiotics don't kill viruses and what

the patients can do for their problem other than taking an antibiotic.

"A prescription is a powerful sociological tool," says Dr. Avom, "and

this life-style prescription imbues the nonuse of drugs with the same

clout as using them."

Life-style prescriptions can also be used on the other end of the

spectrum. As many patients fail to finish their antibiotic prescriptions

even where they are appropriately prescribed -a good situation

for promoting growth of resistant bacteria-along with the

antibiotic prescription could come a life-style prescription explaining

the importance (with regard to resistance) of taking the entire

dose.

What You can do: Besides never asking for an antibiotic prescription

when it is not indicated and always finishing the ones you do get,

encourage your doctor to contact Dr. Avorn at Harvard for more

information about lire-style prescriptions. Your physician should

welcome this suggestion, as it could help relieve some of the unrelenting

patient pressure to provide unnecessary antibiotics.

9. ENCOURAGE PHYSICIANS TO JOIN THE

ALLIANCE FOR PRUDENT USE OF ANTIBIOTICS

The Alliance for Prudent Use of Antibiotics (APUA) was formed in

1981 by Dr. Stuart Levy, professor of microbiology and molecular

biology at Tufts University Medical School and one of the world's

recognized authorities on antibiotic abuse and bacterial resistance.

It grew out of an international conference in the Dominican Republic

that year, when Dr. Levy and more than onehundred fifty research

scientists and clinicians signed an " Antibiotic Misuse

Statement." It was endorsed by health authorities worldwide, translated

into many languages and featured in Newsweek, Time, The

New York Times and The Washington Post. In the past decade,

APUA has been communicating the basic tenets of proper antibiotic

usage and highlighting areas of abuse around the world in a quarterly

newsletter. As Dr. Levy says, "It is the only organization of its

kind, dedicated solely to the improved use and knowledge about a

therapeutic product, not a disease." Besides the newsletter, APUA

is developing audiovisual programs for the general public as weIl as

the medical profession.

What You can do: This is an excellent organization which has been

severely underpublicized and underutilized. You can either join it

yourself (the articles are not highly technical, less so, for example,

than those in Scientific American ) or at least encourage your doctor

to join. If you are so inclined, you could give him or her a gift membership.

There are various levels of membership (student to lifetime),

and youc an get one for less than fifty dollars. Even better, as

APUA is designated a 501c3 corporation, the entire membership

fee is tax-deductible.

10. SUPPORT A PROGRAM TRAT LINKS ANTIBIOTIC

RESISTANCE IN EVERY HOSPITAL IN THE WORLD

A vice president and member of the board of directors of APUA is

Dr. Thomas O'Brien, the medical director of the microbiology laboratory

at Brigham and Women's Hospital in Boston and an associate

professor of medicine at Harvard Medical School. Dr. O'Brien

strongly believes that a key ingredient in controlling the outbreak of

antibiotic resistance is to recognize it quickly enough so that the appropriate

controls can be put in place. Antibiotic-resistant bacteria

can develop in Malaysia and rapidly find their way to Minneapolis or

anywhere else in the world. If we knew that there had been an outbreak

of resistance in Malaysia, we would be in a far better position

to deal with it. "As the world's bacteria form networks to spread

resistance to antibiotics, we need to build our own network to control

that resistance," Dr. O'Brien told me.

To that end, Dr. O'Brien and his colleague Dr. John Stelling have

developed an elegant piece of computer software that can take advantage

of the fact that in every hospital in the world, even in developing

countries, antibiotic sensitivity tests are done every day as a

matter of course. The only additional step necessary would be to

record the results of these tests on Dr. O'Brien's software, which he

calls WHONET (the original funding came from the World Health

Organization). A central computer in Boston would then be able to

monitor resistance patterns throughout the world on a daily basis.

What you can do: There are forty thousand labs in the world that

perform daily antibiotic sensitivity tests. WHONET is presently in

only seventy of them. Expanding the program will take a couple of

million dollars, small change in the larger scheme of things and an

investment that will pay huge dividends. Unfortunately, the World

Health Organization has contributed only five thousand dollars.

Write WHO in Geneva, Switzerland, and urge it to free up money

for this purpose. Write to Dr. Phillip Lee, the assistant secretary for

Health and Human Services. Dr. Lee, whom we referred to earlier,

is from the University of California, San Francisco, and has had a

lifelong interest in the inappropriate use of antibiotics, especially in

the developing world. The request for his support should fall on

sympathetic ears.

Write to and call your senators and representatives asking for the

same. Write to Vice President Al Gore, who in 1984 chaired a House

Subcommittee Hearing on Antibiotic Resistance; at least he is aware

of the dangers. In addition to money, there should be better cooperation

from the governments in developing countries, where these

resistant strains often arise, to import at least some of the newer

antibiotics so that resistant infections aren't treated with old antibiotics,

making the problem worse. Urge Vice President Gore and

your congressional representatives to get involved in this area as

weIl.

11. END THE USE OF ANTIBIOTICS AS GROWTH

PROMOTERS IN ANIMALS ,

Although this is an issue that is still shrouded in controversy, special interest

lobbying and government bureaucracy, there is evidence

that things are finally moving in the direction of eliminating, or at

least drastically reducing the routine use of antibiotics in animals.

But pressure must continue to be applied and from several directions.

What You can do: Make a donation to the Food Animal Concerns

Trust (FACT) in Chicago, a privately financed, not-for-profit organization

that supports farms where animals are raised without antibiotics

added to their feed (this is also a 501c3 corporation, and

your donation is tax-deductible). Encourage others to donate as

well. Ask for products produced in this manner at your local supermarket

and write its corporate headquarters. Nest Eggs, from

chickens not fed antibiotics, are one example of such a product.

With just one request, I convinced my local supermarket to carry

them.

Put same pressure on the veterinary profession. If possible, begin

at the grass-roots level and enlist the aid of your own veterinarian (if

you use one) to contact the American Veterinary Association, urging

it to issue an official statement deploring the wholesale use of subtherapeutic

doses of antibiotics in animals and supporting nonantibiotic

growth promoters.

Contact the National Cattlemen' s Association and the Poultry Science

Association. Commend them for already advocating the elimination

of penicillin and tetracycline from feed, and urge them to

continue reminding farmers and livestock ranchers that there are

alternatives such as monensin, a chemical used only for animals, and

bacitracin and bambermycin, nonabsorbable antibiotics. Contact

the National Park Producers Council, which has clone nothing thus

rar, and push it to followthe example ofthe others.

Contact the Natural Resources Defense Council in New York, an

advocacy group of scientists and attorneys who have been pushing

for a federal ban on antibiotics in animal feed for a decade. Askwhat

you can do to help advance their cause.

12. USE IMPROVED DIAGNOSTIC TESTS IN

DOCTORS' OFFICES AND HOSPITALS

One of the main reasons why physicians use so much shotgun antibiotic

therapy is that they don't know what bacteria are causing an

infection, or even if the infection is bacterial at all. In order for all the

antibiotic software programs to be effective in directing doctors toward

the appropriate narrow-spectrum drugs, first there must be

quick and accurate means of identifying the organisms.

In this regard, hospital microbiology laboratories have improved a

great deal in recent years, with most of their identification and sensitivity testing

being done on fully automated instruments. But there

is room for improvement. Physicians can start by making some of

the diagnoses themselves. There are now several inexpensive kits

available for in-office use that allow identification of Streptococcus

from a throat swab or the offending bacteria from a urine specimen

in less than twenty-four hours. In these cases, guessing about what

organism is the cause of the infection is no longer necessary.

These kits, while valuable now, are merely interim steps to what' s

coming in rapid diagnosis. Segments of it are already available in

some of the larger hospitals, will soon be available for community

hospitals and within five years will be standard in most doctors' offices.

We are talking about DNA probes, another outgrowth of the

molecular biology revolution that is transforming medicine. Not

only will these probes be able to identify bacteria from body fluids

and tissues -much more quickly than even the most sophisticated

laboratory equipment now available- in many cases within just a

few hours-but they will also be able to determine the antibioticresistance

pattern of the bacteria.

The DNA probes are tiny pieces of genetic material that bind like

molecular Velcro to complementary DNA fragments in a bacterial

cells. Since each type of bacteria has its specific DNA, a probe will

bind to a stretch of DNA that belongs to that type of organism exclusively.

The DNA probe of a particular organism, for example,

pneumococcus, will not bind to the DNA of staph. The probes are

added to the specimen for identification, such as blood, feces, or

urine, and within just a few hours analyzed to determine which bacteria

are present. By first subjecting the specimen to amplification~

with another novel technique called the polymerase chain reaction,

or PCR (the same PCR is being used to identify human genes),

which can increase the size of the sampIe by more than a billionfold,

it is possible to identify the organism from just a single cell.

Once that has been accomplished, a second series of probes, designed

to detect the DNA sequences of antibiotic-resistance genes

rather than the entire organism, can be added. The applicability of

this aspect of the test will depend on the availability of the corresponding

DNA probes. Although several have been developed,

many more are needed. As DNA probe technology becomes

cheaper and more widely used, it could be not only available for the

large teaching hospitals but routinely used in community hospitals

and eventually in physicians' offices. Knowing precisely what they

are dealing with in a matter of a few hours will provide the opportunity

to cut down shotgun therapy dramatically.

What You can do: Ask your doctor if he uses the in-office diagnostic

kits. Check with the hospitals in your area to see if the DNA

probes are being tried, and if not, encourage their use. Write to the

NIH and support research on DNA probe development.

13. MAKE BETTER USE OF EXISTING VACCINES

The better we can become at defeating bacterial invaders with our

endogenous or internal capabilities, the less need there will be to

use antibiotics. At the forefront in this area are vaccines, especially

valuable for the elderly and the very young, the two groups whose

immune systems are the least robust and therefore most vulnerable

to infection.

This is especially true for pneumococcal pneumonia, which remains

an important cause of morbidity and mortality among the elderly.

According to Dr. David Fedson of the University of Virginia

School of Medicine, as many as 120,000 adults over sixty-five are

hospitalized in the United States annually for pneumococcal pneumonia

and pumped full of antibiotics. Still, 40,000 of them die.

This needn't happen. We have had available for more than a decade

a safe and effective vaccine against pneumococcal pneumonia,

but it is not widely used. During the 1980s, then U.S. Surgeon General

C. Everett Koop set a goal of vaccinating 60 percent of the elderly

with pneumococcal (and influenza) vaccines. They are

recommended for all elderly persons, not just those with chronic

medical conditions such as cardiovascular disease, kidney disease or

diabetes. Yet we didn't even come close. The last time the Centres

for Disease Control surveyed annual immunization rates, in 1985, it

was determined that only 10 to 15 percent of the elderly and other

high-risk persons bad ever received pneumococcal vaccine. In the

. years since then, says Dr. Fedson, it is unlikely the rate has increased

to much more than 20 to 25 percent. The same goal of 60 percent

immunized has been repeated for the year 2000, but it too will not

be reached without major changes being instituted.

What you can do: First, make certain that if you or any family member

is over sixty-five, you receive a pneumococcal vaccine. Second,

several studies have shown that if physicians and other health care

providers recommend immunization against pneumonia, a high

proportion of patients will comply. Ask your doctor if he or she does

this as a matter of course. Write the American Medical Association

and your local and state medical societies encouraging them to make

and enforce an official policy regarding pneumococcal vaccine use.

The other problem is the lack of federal support. Up until now,

the government has been reluctant to provide adequate financial

support for vaccination programs. Although in 1981 Congress established

a Medicare reimbursement program for pneumococcal

vaccine, this has not increased its use, probably because the actual

level of reimbursement to doctors has been astonishingly low, barely

covering the cost of the vaccine. This congressional program, far

more sizzle than substance, may actually be providing a financial

disincentive for physicians who wish to vaccinate their patients. As

genetic engineering is making pneumococcal pneumonia vaccines

even more immunologically effective, we can only hope that the

Clinton administration will realize how cost -effective it is to prevent

pneumonia rather than have to treat it. Contact Hillary Rodham

Clinton and your congressional representatives and insist that, as

part of any restructuring of our health care system, we need to ensure

adequate delivery of this vaccine.

We can, and should, apply these same principles to young children.

Pneumococcal pneumonia, while not as common a cause of

morbidity or mortality in this age group, still is a significant problem.

And it can be greatly avoided by using a similar vaccine, One recently

developed and tailored to the subtypes of the pneumococcal bacteria

most likely to cause infection in children. 

14. SUPPORT RESEARCH INTO NEW V ACCINES

AND OTHER IMMUNE-ENHANCING SUBSTANCES

When bacteria invade our bodies, in order to attack to a cell' they

secrete proteins called adhesins. Vaccines that stimulate production

of antibodies against adhesins could be effective in providing immunity

to a wide variety of strains of a given bacterial species. A small

biotech company called MicroCarb claims to have identified cell receptors

and their corresponding adhesins for more than sixty microorganisms

and is beginning research on vaccines for several types

of bacteria-Hemophilus influenzae, Streptococcus pneumoniae,

Helicobacter pylori (for ulcers) and Chlamydia.

Besides immunological strategies to enhance immune defenses

against specific bacteria, there also exists the possibility of bolstering

the immune system in a more general way, thereby increasing our

resistance to not one bacterial infection, but many or even most.

The nonspecific augmenting of immunity is not a new concept.

Since the beginning of the century, many studies have demonstrated

nonspecific resistance to infection that can be enhanced by

the administration of killed microorganisms. Later, it was found that

tms worked by inducing the production by our immune cells (primarily

the T -lymphocytes) of a variety of immune-enhancing proteins

called cytokines, such as interferon, interleukin and tumor

necrosis factor. The cytokines, in turn, are able to increase the ability

of other white blood cells to home in on and kill bacteria. A wide

range of serious bacterial infections caused by pneumococcus,

Staphylococcus, Klebsilla and Pseudomonas has been affected by

using these cytokines as immunomodulators. This procedure, however,

is still in the laboratory. While they have great clinical potential

to replace the use of antibiotics in certain situations, the cytokines

are still tao taxie. More research needs to be clone to determine

proper doses, to engineer the cytokines better genetically to improve

their effectiveness, to evaluate which combinations work best

and to see if certain premedications will reduce toxicity without reducing

effectiveness.

What you can do: For the antiadhesin vaccines, the biotech industry

needs additional investment. If you are in a position to invest,

discuss the financial health of MicroCarb with an analyst and also

see if there are other companies pursuing the same technology. For

the nonspecific modulators, this is an issue that needs additional research

support from the National Institutes of Health. Write the

director and ask for more dollars to be channeled into immune modulators.

Also ask your senators and congressman to help.

15. DEVELOP NEW DRUGS TO FIGHT INFECTIONS

AND OVERCOME RESISTANCE

First, all the good news.

In the late 1980s Dr. Michael Zasloff, professor of pediatrics and

chief of molecular biology at the University of Pennsylvania School

of Medicine, wondered why African clawed frogs rarely became infected

in the dirty water of holding tanks. After some research he

discovered the answer in frog skin: a series of protein like compounds

capable of killing bacteria, protozoa and fungi. He named

them magainins.

Only a couple of years later, in 1989, Dr. Zasloff listened to a lecture

describing how pregnant dogfish sharks flush their fallopian

tunes with seawater to eliminate foetal waste and again wondered

how the fetuses were protected from the murky water. Finally, in

1993, he and his graduate student Karen Moore isolated a novel

compound from several shark tissues that can kill a wide variety of

microorganisms, a steroid compound they dubbed squalamine. He

believes the antimicrobial activity of squalamine to be comparable

to that of ampicillin.

Dr. Zasloff s ingenuity is but one example of the possibilities that

exist for developing anti-infectives that work differently from the

standard antibiotics. In fact, his work on magainins has already been

expanded by a drug company, Magainin Pharmaceuticals (Dr.

Zasloff is executive vice president). The company has been working

on a compound called MSI- 78, which in 1993entered FDA trials for

the topical treatment of bacterial infections. It is now working to

develop a systemic antibacterial compound from squalamine.

Another approach is to find techniques that can eliminate resistance

plasmids from bacterial cells-for example, inserting an analogue

of an R-factor capable of blocking the expression of resistance

to one or more antibiotics. A corollary to this research should be

drugs to dislocate the transposons, the even smaller pieces of molecular

material that now carry many resistance genes.

We also need more research on the molecular basis of new resistance

mechanisms affecting existing antibiotics. The breakthrough

in 1992 at Hammersmith Hospital in London on specifically how

TB bacteria become resistant to the antibiotic isoniazid is proof that

this avenue can yield important results for other antibiotics.

The most exciting area for progress exists in what is called rational

drug design, or structure-based drug design. All infectious agents bacteria,

viruses and fungi--encode or carry their own crucial enzymes

and DNA, which therefore serve as obvious targets for

intervention. In the last decade and a half, the ability to clone and

purify these proteins and nucleic acids has improved enormously, to

the point where it is now possible to exploit strategies for the discovery

and design of a wide variety of inhibitors. According to Dr. Irwin

Kuntz, a pharmaceutical chemist at the University of California, San

Francisco, structural techniques have also advanced, especially in

the area of crystallography and magnetic resonance imaging, which

have allowed for the understanding at the three-dimensional level

of the bacterial compounds to be inhibited. Taking this information

to highly sophisticated computer-aided design programs, scientists

can sculpt on screen the exact compound they need.

The first and perhaps most promising opportunity to employ this

technique of rational drug design could come as a result of a discovery

made early in 1993 at Harvard Medical School that electrified

the scientific community. It had been known for same time that it

was not possible to determine how bacteria would act in the body by

observing and studying how they behave on petri dishes in the lab-

oratory. Too often it would be discovered that an organism that appeared

tame in the lab would become a disease-causing terror in

animals or humans. It was suspected that such organisms possessed

genes -called virulence genes- that somehow remained hidden or

inactive until the bacteria were inside the body, at which time the

genes would become activated, allowing the microorganisms to

cause disease and spread from tissue to tissue.

By using a truly ingenious method of chopping up bacterial DNA

into fragments and recombining it in certain sequences, Dr. John

Mekalanos and his colleagues were able to uncover the bacterial secrets

and identify the virulence genes. This was originally done in a

strain of typhoid bacteria that affect only mice, but Dr. Mekalanos

feels certain the same techniques can be applied to almost all human

bacterial diseases as weIl.

The first payoff from this research could be the rationally designed

development of new drugs to block the virulence genes. This rep

resents such a departure from previous approaches that to call them

antibiotics would really be inaccurate; scientists will have to come

up with a new name (perhaps antivirulents?). Since the virulence

genes-just like all other genes-direct the formation of proteins

that carry out their instructions, it will be theoretically possible to

develop new vaccines to block the function of the virulence proteins.

Another fruitful result of this discovery, according to Dr. Staffan

Normark of Washington University in St. Louis, an expert on the

molecular basis of bacterial illness, is the possibility of looking at

how the virulence genes behave in different strains of mice. These

findings can then be extrapolated to people, to answer the perplexing

question of why same organisms cause disease in some people

but not in others. To say simply that it is a matter of one having superior

resistance to another is too glib. Understanding how our immune

systems interact with the virulence genes could provide the

answer, leading to yet more innovative ways of resisting bacterial

infection without antibiotics.

Now the bad news.

There is not nearly enough support for developing these scientific

ideas into drugs that can be used to treat patients. The biotech companies

we cited working in the field are too anomalous to make

enough of a contribution. We need to get the pharmaceutical industry

charged up in a big way. At present, most companies are looking

for future profits in areas other than anti-infective compounds. It

was estimated in 1992 at a National Institutes of Health workshop

that 50 percent of the pharmaceutical industry has either decreased

or outright curtailed, antimicrobial research. The reason given was

that they feIt the antibiotic market was glutted. While it may be overcrowded

with "me-too" compounds, there are these tremendous

new opportunities that need to be encouraged. No doubt, they will

be very R&D intensive.

This is where the government comes in. Just as was done for the

anticancer drug taxol, there need to be more CRADAs (Cooperative

Research and Development Agreements), in which pharmaceutical

firms cooperate with government agencies such as the

National Institutes of Health. Much of the basic science will be done

at the NIH and then brought to market by the private sector, each

segment doing what it does best. To provide additional incentives,

pharmaceutical companies should be urged to form consortiums

and be given additional tax credits and longer patent protection.

Even Senator David Pryor of Arkansas, an ardent critic of the pharmaceutical

industry, supports this idea, at least in theory. If the pharmaceutical

companies don't develop these compounds, who will?

Prices can still be controlled by agreement, and in the long run it will

save the health care system billions of dollars and millions of lives.

What You can do: The development of new strategies to kill bacteria

is a big idea and where much of the future of fighting infection

lies.. You should strongly encourage your political representatives

and Hillary Rodham Clinton to jump on this bandwagon and support

CRADAs and the other incentives for the drug industry. Concomitantly,

we need a much larger budget at the NIH. Otherwise,

all the ingenuity in the world won't transfer to one life saved or one

resistant bacterium thwarted.

This, then, with all its ramifications, is the problem facing us today.

It is one of enormous magnitude. Bacterial resistance to antibiotics

continues to develop inexorably, every day and everywhere in the

world, and the number of patients with infections that can't be controlled

mounts. Since this process is inherent in the molecular

makeup of bacteria, we can't stop it entirely. But by beginning fight

now to use antibiotics appropriately, we can slow it down. If we do,

it will buy us some time to begin intense development and implementation

of the alternative methods of thwarting bacteria. If we

don't, the consequences are almost too horrible to imagine.
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