WALDEN
UNIVERSITY

A higher degree. A higher purpose.

Walden University
ScholarWorks

Walden Dissertations and Doctoral Studies

Walden Dissertations and Doctoral Studies i
Collection

6-1992

The Influence of Antimicrobial use on Bacterial
Resistance

James T. Grifhith
Walden University

Follow this and additional works at: https://scholarworks.waldenu.edu/dissertations

b Part of the Bacteria Commons, Medical Cell Biology Commons, Medical Molecular Biology
Commons, Medical Pathology Commons, Other Medical Sciences Commons, and the Other
Medicine and Health Sciences Commons

This Dissertation is brought to you for free and open access by the Walden Dissertations and Doctoral Studies Collection at ScholarWorks. It has been
accepted for inclusion in Walden Dissertations and Doctoral Studies by an authorized administrator of ScholarWorks. For more information, please

contact ScholarWorks@waldenu.edu.


http://www.waldenu.edu/?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.waldenu.edu/?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.waldenu.edu?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.waldenu.edu/dissertations?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.waldenu.edu/dissanddoc?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.waldenu.edu/dissanddoc?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.waldenu.edu/dissertations?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/985?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/669?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/673?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/673?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/676?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/679?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/772?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/772?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F1395&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ScholarWorks@waldenu.edu

WALDEN UNIVERSITY

DISSERTATICN APPROVAL

THE INFLUENCE OF ANTIMICROBIAL USE ON BACTERTAL RESISTANCE

JAMES T. GRIFFITH

DR._FRED ROLAND 6/22/92 DR. JAMES P, DIXON  7/24/92
Faculty Advisor DATE Member, Review Com. DATE
DR. JOHN E. CANTELON DR. JACOB GREEN 7/10/92

Vice President, DATE Member, Review Com. DATE

Academic Affairs

DR. GLENDON F. DRAKE
President, DATE
Walden University




py T HT ST

THE INFLUENCE OF ANTIMICROBIAL USE ON BACTERIAL RESISTANCE

ABSTRACT

by
James T. Griffith

BS, University of Massachusetts Dartmouth, 1970
MS, University of Massachusetts Dartmouth, 1976

Lody AP G

Fredy Roland, MD, Advisor

Professor of Microbiology
Brown University

Providence, Rhode Island

Dissertation Abstract Submitted in Partial Fulfiliment of
The Requirements of the Degree of
Doctor of Philosophy

Walden University
June, 1992




The Influence of Antimicrobial Use on Bacterial Resistance
Abstract

Antimicrobial resisvance is becoming an increasingly serious problem
accompanied by relatively few studies examining the relationship between
use and resistance. The present study undertakes a twenty year analysis
of antimicrobial production and factors affecting antimicrobial use for a
particular microorganism (Stp. faecalis)/antimicrobial agent (Cephalothin)
combination. The period is inclusive of the market introduction of the
agent and considerate of prescribing practices to the present time. The
accumulated data reveal that there is indeed a relationship between total
drug availability (medicinal, agricultural) and increased antimicrobial
resistance. The data also suggest that national (or global) use changes
would likely have a long term beneficial effect on the deteriorating
circumstances surrounding microbial resistance to antimicrobial
chemotherapeutic agents The methodology utilized includes analysis of
primary historical data and graphical representation of indices derived
from these data. A literature review examines the impact on antimicrobial
resistance by historical duration of use, various mechanisms of resistance,
non-medical uses of antimicrobial agents and clinical misuse.
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The Influence of Antimicrobial Use

on Bacterial Resistance

Chapterl

Introduction
A report issued by the Great Britain Army Medical Directorate in
1945, evaluating the experience of Twenty-One Army Group with the
first wide-ranging use of penicillin in history, stated:
. . it is fair to say that never before has

penicillin been used either in prophylaxis or

therapy on such a wide scale . . .. One would

like to emphasize the prophylactic side of the

picture.!
Almost thirty years later, the U.S. Deputy Assistant Secretary for
Health said in an editorial addressed to the medical community, "the
prophylactic use of antibiotics should undergo the greatest scrutiny.
since this common use (especially in surgery) is supported by very
few appropriately designed . . . trials . . .." * This view had been

spoken before *and increasingly since.*®
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The significance in this turnaround lies in the alarming increase of
microbial resistance ' to the many antimicrobial agents now in use.
At the International Symposium of New Trends in Antibiotics (Milan,
Italy, 1980) Bernd Wiedmann commented, "like a shadow the
eniergence of antibiotic resistant bacteria followed the introduction
of every new antimicrobial drug." Whether this situation is due to
use is not entirely clear, but at a hearing in Washington, D.C. on
December 7, 1982 on the misuse of antibiotics, Senator Gaylord
Nelson of the Subcommittee on Monopoly of the Select Committee on
Small Business stated that antibiotics are among the most frequently
prescribed drugs in this country, exceeded only by the psychoactive

drugs. Calvin M. Kunin concluded that "antibiotics are overused in

this country.” °

Problem

Antimicrobial resistance is becoming an increasingly serious problem
in the treatment of many types of infectious disease. Although the
fact of increased resistance is widely known, few '°'‘‘?studies have
examined the relationship between use and resistance. Further, the
increase of this problem may have accelerated some time ago and

the rate of magnitude may also be accelerating faster than originally

thought.



Background

The statement by Alexander Fleming in 1929, commenting on his
recent discovery of penicillin "It may be an efficient antiseptic for
application to or injection into areas infected with penicillin-sensitive
microbes” issued all of us into the much-celebrated antibiotic era.
The cause for celebration was and is the tremendous decrease in
mortality resulting from a large group of microorganisms, During the
second World War, the western allies considered the production of
these antimicrobial agents a major war effort. Their effect on the
most dangerous and common infections resulting from war wounds

clearly justified the intent, '’

Since that time, however, serious problems have intervened. Selman
Waksman was one of the first to reflect on these now serious
difficulties in his early book on streptomycin, * After revealing that
the organism responsitle for the production of streptomycin  was
discovered at Rutgers University in September of 1943, he indicates
surprise that before 1947, "the first observations were then made of
the development of bacterial resistance to the drug . . .." A rather
substantial medical/scientific literature has accumulated over the
intervening one-third century, indicaiing that this srend has

continued unabated and possibly encouraged by our subsequent
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actions. 1In 1977, Faine '’ concluded that the resistance factors, by
then well known among health scientists, were in fact “ubiquitous”
throughout the world but were more common where the selection
pressure of use increased frequency. If the current use rate is
sustained, it may well spell an end to the antibiotic era and return us
to a quality of life that few now remember and none would welcome.
If the pressures leading to this conclusion are examined, they may

illuminate a path to stem this eventuality.

Rurpose

The purpose of this study is to compare the relationship between

antimicrobial resistance levels and usage patterns of the

antimicrobial(s) indexed. Selected for study was the cephalosporin,

Cephalothin, and the resistance developed to it by Streptococcus

faecalis.  This microorganism/antimicrobial agent combination offers:
* Microorganism taxonomy and nomenclature

stability adequate to the longevity of such a

study.

Prescribing practice stability rega-ding the

offending organism in clinical situations and a

single drug over a long period of time.




-

* Use of the same family of drugs in the
general field of medicinal chemicals over

the same period of study .

Thus, the fortuitous relationship between this microorganism/
antimicrobial agent and the long view of the study provide a
platform for better understanding of the long-term effects of
antimicrobial use. This understanding illuminates the course for
societal change needed to deal with the emerging problem of

widespread antimicrobial resistance.

Signifi
Clearly, antimicrobial resistance to the now commonly used
chemotherapeutics has received wide attention in recent years
(Alfor, '* Benveniste, '’ (Tohen, '* Finland, " Finland, ° Godfrey, *
Locksley, ** Neu ™ and Wiedmann ), Many possible contributing
factors have been suggested (Abramowiiz *, DiPiro, ** Durbin, *’
Scheife ** and Washington *°); costs have been studied by hospital
administrators, usage rates by hospital pharmacists, prescribing
patterns by physicians' groups, but one factor that has received less
attention than perhaps it deserves is the relationship between the

amount of drug present in the environment (partly measured by
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therapeutic consumption), and an organism’s net response (bacterial
population) to it over time. By examining the dynamic between these
two, solutions to this situation of increased antimicrobial resistance
may be suggested.  Particular points in our use history may
illuminate one of the above contributing factors over others as

having more than its share of contributory weight. For example, the

release date of a drug or the emergence of a new biological
competitor may be thought important. A study of the use of
previously restricted antibiotics in Czechoslovakia * suggests that
availability/introduction encourages use beyond medical necessity.
Indeed the observation that previously underutilized or unavailable
tools in the treatment of infectious diseases often have initial short-
term success, suggests that just such a longitudinal study as this may

be the only way to see the problem as it is.

Methodology (Nature of the Study)

The study has used methodology of developmental ressarch. The
resistance levels of Streptococcus faecalis to a selected cephalosporin
(Cephalothin) has been indexed at several points over a twenty-five
(25) year continuum, This data is compared to the amount of
cephalosporin available in the environme:t (production sales,

prescriptions issued, etc.) indexed at comparable points.



Chapter Il

A review of the literature reveals that antimicrobial resistance
among microorganisms is a wide-ranging problem of long duration
(hence the length of the study). Early chemotherapeutic agents
available in the antibiotic era were cotnmonly used in a prophylactic
mode as has been pointed out earlier. Part of the situation this study
has addressed stems from misinterpretations andfor wircasonable
extrapolations of early protocols. For example, the British 21 Army
Group's Manua! on the Use of Penicillin (1945) makes i1 clear that:

All the dangerous pathogens commonly found

in war wounds are penicillin sensitive, and if

one can get the penicillin into contact with

them and maintain it there in an adequate

concentration for a sufficient period of time

these organisms should be inhibited or

destroyed. *

Unfortunately, carrying this idea to general situations in the civilian

population may tend to cause overuse. The prubable success (in a

Darwinian sense) of resistance plasmids ** as opposed to
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chromosomal ** mutation resistance (once thought to be the only
mechanism), can be suggested by the occurrence of antibiotic
resistant organisms in unlikely settings, such as drinking water, **
"non-pathogenic" organisms causing nosocomial infections, and
various veterinary agricultural situations. ** In fact, at the Congress
on Antibiotics (Prague, 1964), Dr. A. Ch. Sarkisov of the All-Union

Experimental Veterinary Institute, Moscew, U.S.S.R. suggested,

"The problem of non-medical use of antibiotics

was contained in two general directions. 1) the
use of antibiotics by living bodies in the

period of their varied vital processes. To this

group belongs the application of antibiotics to

cattle breeding, vegetable production and
industrial microbiology. 2) the addition of
antibiotics to food and other products of

animal, vegetable and microbial origin.” *’

Many of these uses by this account and others involve massive
environmental introduction of chemotherapeutics, either as multiple
agent cocktails, or broad distribution to organisms diseased or not, or
both. This may not be as direct a contributing factor of resistance as

clinical misuse, but its promiscuity, in terms of not being directed at
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specific cases, one at a time, may still be quite significant. This isn't
to say that the case for clinical misuse cannot be made. For example,
in a summary statement of data from other papers dealing with the
reasons for misuse of antibiotics, Smith et a] * suggests that a
majority of patients receiving antibiotics have no evidence of
infection, and up to half had no culture taken. The suggestion is also
made that the "excessive use of antibiotics has led to the emergence
of Gram-negative organisms which are resistant to multiple
antibiotics.” Other data * indicate that not only do organisms have
measurable resistance patterns, but over time they can be seen to

change. This study offers a method for long term documentation of

such change.

Scope and Duration of the Problem

n the first of these points relating to the size of the problem, the -

literature is quite productive. A milepost in judging the scope of the
problem mey be forged by assuming that the date of insult relating
to human stimulation of antimicrobial resistance is coincident with
the dawning of the “antimicrobial era” and its rapid development and
expansion during and after World War II. This indeed seems to be
the case in concluding from the work of Hughes and Datta *° that

while plasmids were quite prevalent during the first part of the 20th

T D R
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century, they were apparently not about the business of transferring
antimicrobial resistance genetic information. This conclusion was
made possible by evaluating the genetic status of organisms
meticulously collected by the Canadian microbiologist, E. D. G. Murray
from 1917 to 1954. Thus in the amount of time available, for we
humans to have stimulated the huge genetic commitment on the part
of microorganisms that we seemingly have, we have produced quite
a sobering result. Clear antimicrobial resistance difficulties affecting
human medical care now exist in such diverse economic, political and
scientific environments as Germany, *“Scotland, **** Israel, ** Norway,
* Italy, *° Thailand, *' France‘® Philippines,” Spain, *° Nepal,’' Sri
Lanka, ** Rumania, %> New Guinea, % the United States, * and
practically every other nation in the world where investigations have

been done, according to a study ** sponsored by the Fogarty

International Center of the U. S. National Institutes of Health

conducted from 1983 to 1986. The universality of this problem has
been further documented in a set of sequential evaluations 58596
reported on by the World Health Organization spanning a decade
(1973-1982).  This series of observations, common to many studies
of lesser duration conducted during the 1950’s through the 1970’s,
has the startling revelation that during the 1950’s (the second

decade of the “antibiotic era”), hospitals were the focus of antibiotic
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resistance. This observed resistance was almost always to a single
antimicrobial agent, first seen in Staphylococcus aureus, then later in
various Gram-negative aerobic bacilli. By the early 1960’s, the focus
had shifted to include multiple drug resistance and being commonly
isolated from hospitalized and non-hospitalized patients. In the
latter part of the 1970’s it had become apparent that at least some
resistance to antimicrobial agents that an organism might possess
may well be derived from widely different organisms and
specifically organisms different from itself. * The literature is rich in
its appreciation for the wide-ranging aspect of this problem and
generally does not dispute the experience and findings of the
international microbiology community. 626364656667 The resaltant
literature provided some early clues for the duration of the
antimicrobial resistance problem;

Paul Ehrlich in 1907 described the

trypanocidal activity of p-rosaniline, and in

ti- same year his research group reported

that Trypanosoma brucei became resistant by

repeated exposure to the drug. Knowledge of

drug resistance in microorganisms is therefore

as old as the history of chemotherapy itself.

Drug resistance of bacteria was repurted by




Morgenroth and Kaufmann (1982) soon after
discovery of the anti - pneumococcal effect of
ethyldihydrocupreinehydrochloride
(optochin), ©*
We have come to expect this response of resistance to our
chemotherapeutic agents on microorganisms not in months or
years but rather during the treatment of a single episode in our
patients. “ In the retrospection that the literature provides, this
response has also been appreciated almost from the beginning of
the anti-microbial era in the treatment of war wounds, ’° hospital
infections, "' and typhoid fever.
Mgghgnigmsg_fggsistangg
In a well known series of studies by Finland et al. 737475 the
established fact of antimicrobial resistance variability exhibited
by streptococei was shown to be increasingly manifest in its
diversity regarding different antibiotics, as demonstrated within
strains of the same or related species. Further as one of the very
early appearances of this idea in the literature, one of the chief
conclusions of these studies related to the description of a
distinctive pattern of sensitivity. The commonly held feeling at
that time was that antimicrobial resistant strains were the result

of the “elimination of naturally sensitive strains” and

12,




subsequently the “persistence and spread of naturally resistant
strains of the same species.” The literature further reveals that
Finland recognized that quick emergence of resistant strains
occurs during the treatment of some patients. '® Also evident in
the literature of this time was that unexpectedly resistant strains
of some organisms complicate certain cases. ” These observations

occur elsewhere in the literature of the time. 7*7°2031824384

Explanations for observations of the fundamental differences
between sensitive and resistant strains of bacteria did appear,
Klimer, et al*® suggested that resistant organisms may grow more
slowly, while others "**"**** proposed various metabolic pathway
alternatives to explain the phenomenon. Anderson *° suggested “a
number of metabolic and biochemical changes found in a patient
isolate of Staphylococcus spp. correlated with resistanc: to five
antibiotics.” Phases of the bacterial cell cycle were also examined
for possible contributions to resistance °. The concepts of
bacterial persistence, **** virulence ** and cross resistance °°°%9%%8
were developed from these investigations. Theories and proposals
have continued through to the present time regarding groups of

micro- organisms **'*°!°Y°% iy varying circumstances '*.10410510¢




Further evidence as to the persistence of this problem began to
appear in the literature of the 1970’s and included the evidence of
various international comparisons. "“'®* A major conclusion was
that not only is there variable resistance but that there may be

local human practices that enhance it. '*M'®'“'? The innovative

contribution of this decade was the comparison and analysis of

these data by computer methods. ''*''*

By the ninth decade of the century the focus had shifted to the
ways in which various status quo resistance patterns changed

115116

over time This view evertually brought us to the present

mechanistic considerations involving microbial alteration of
antibiotic receptors ''"'*'* decreased entry of anti-microbial

110.121'121

agents, and destruction or inactivation of antimicrobial

agents. ‘21

Eventually antimicrobial resistance was described in evasive
terms reminiscent of post transplantation definition of “life.” '**
This description is due in part to the previously mentioned casual
reckoning of antibiotic prophylaxis. "'*’ As has been suggested

from conclusions of the landmark study by Datta on the pre-




antimicrobial agent era cultures of E.D.G. Murray, above
mentioned, the literature does allow that while antimicrobial
resistance probably predated the widespread scientific use of
purified antibiotics, '** it was probably of low frequency '** since
the challenge that would have made expressing and carrying the
extra genetic information beneficial in the Darwinian sense was
low. %' Misinterpretations ' and unreasonable extrapolation '**
of early success have led in part to our current predicament. The
literature provides many well-documented examples. For
example, a three-month study conducted at a 370-bed university-
affiliated VA hospital revealed that empiric prescribing patterns
for suspected infectious disease situations were wrong 28% of the
time when decisions were made prior to culture and sensitivity
reporis being available, and that prescribing on the basis of “past

clinical experience” with an agent were wrong 71% of the time.

The authors of this study concluded that attempts to influence
prescribing should be directed at “changing the prescribers’
response to the stimuli to prescribe and beliefs regarding the
perceived outcome of drug therapy.” '* In another example, a

rather daring study by Price and Sleigh'** showed that the

15.
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infection rate of multi - drug resistant strains of Kiebsiella spp. in
a neuro-surgical unit was reduced from 50% to 15% only after the
cessation of all antimicrobial use. Various statistical methods have
been developed ' to predict and potentiate patient outcomes
from situations relating to infections with resistant vs. non-

resistant microorganisms, but in major studies such as Holmberg’s

1

review ' of 175 published and unpublished reports:

. . . The likelihood of hospitalization, and the
length of hospital stay were usvally at least
twice as great for patients infected with drug-
resistant strains as for those infected with

drug-susceptible strains of the same bacteria.

RoleofPlasmids in Resistance

On the matter of the fourth point of this literature review, it is clear
that a significant amount of our current difficulty stems from the
effects of shared plasmids that transmit information from one
microorganism to another relative to the various processes of
antimicrobial resistance. '** These plasmids were conceived of early

on in work appearing in the eighth decade of this century as

consisting f:




. . . two major segments: a segment responsible

for the expression of drug resistance, and a
segment capable of conferring the ability of
episomic autonomy such as replication and
sexual transfer, '’

Since then various methods of transfer have been proposed, '° and
plasmid transfer maps ' have been used to allow better

understanding of the relationship between many closely related

microorganisms.

That resistance plasmids are central to the size of the problem in
antimicrobial resisiance today is scarcely debated and is generally
accepted the world over. ' More to the point of this present
investigation is the examination of how these plasmids come to be '**
and what factors drive their persistence. '** In the period attending
the discovery and introduction of the earliest chemotherapeutically
active antimicrobial agents, resistance was observed in short order as
has been reviewed in this chapter. The earliest assumptions used in

attempts to explain this resistance centered around chromosomal

mutation scenarios. '*

Indeed, there are examples '‘“' of this in
nature. It is, however, the extra chromosomal encoding of resistance

that has gained greatest attention in the decades of the most intense
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and productive investigation. '““'* The very transmissibility of these
genetic agents soon became the focus of researchers '*° the world
over and has been expanded and clarified to distinguish between
plasmids, episomes and transposons. '*' By the early 1980’s so much
was known about extra-chromosomal elements and their
participation in the antimicrobial process that mechanisms of purging
them from the corpus of a bacterium or “curing” were being
investigated and tested.'” Nonetheless, microorganisms containing
and indeed sharing these elements have been chrenicled in the
literature as taking an increasing toll on the morbidity and mortality
of infectious disease patients, '** and efforts to define the source '**
and the method of spread were underway by the mid 1970’s. *** The
ubiquity of discovery from the subsequent literature suggests that
perhaps a combination of agents may be necessary to affect the
desired outcome in the next phase of our relationship with the
disease producing microorganisms. '** The nature of the role of

human practice at inducing the frequency of drug resistance

15

plasmids " is an especially chilling contemplation. The enterococci

appear to have been especially respondent '** to this stimulus and

indeed are the focus of the present study.
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The relatedness of plasmids and how they are shared by inter- and
intra-species cvents has also been described in the literature. '™
Palomares and Perca showed, for example, that “the frequency of
transferable drug resistance among resistant Salmonella was 75%"
and that as much as 94% of all resistunt strains of E, coli carried
resistance plasmids. '* The works of Jorgensen and Johnston and
Kolator further demonstrate that this relatedness shows itself again
in that “Animals and human beings who share an environment
exchange microorganisms. '*' The Jorgensen work describes very
closely related E. coli plasmids in piglets and humans in Denmark, '*
while the Johnston and Kolator paper describes a 3.2 megadalton 8-
lactamase “African-type” encoding plasmid of Neisserig gonorrhoeae

found in the Netherlands, Canada and the U.K. ' At this point the

issue of transferability becomes significant in our appreciation of the

impact of extra-chromosomal resistance in modern medicine. '**'%
Throughout the 1980’s various examinations of conjugation and other
modalities appear in ihe literatare. ' A paper by Mays *'in 1982
was characteristic of several others '**'*°" in the late 1970’s and
early 1980’s describiny novel antibiotic resistence transfer that leads
directly to the contemporary situation. Malaiay and Tally ' were
among many by the end of the decade who had described gene

transfer of antimicrobial resistance factors between unrelated



20.

species. The literature of the previous decade also had a thorough

review and debate over the issues of multiresistant

microorganisms'”* and the global forces that encouraged this now

quite common phenomenon in the world’s health care facilities. The

combined problems of multiple drug resistance '™ and self
transferability abundantly demonstrated in the literature influenced
Lowbury and Ayliffe " to first propose that “we may see the decline
of useful antibiotic therapy in 40 years.” This avenue of the
literature leads in part to the current study. Moellering '™ has
suggested recently that the B-lactamase resistance genes of
enterococci are a product of this transferability function of plasmids
through evidence of their staphylococcal origin. Earlier studies have
corroborated important parts of this dilemma relating to a
staphylococcal resistance mechanisms ' and the exogenous

acquisition by enterococci of resistance plasmids. '™

Effect of Non-medical Uses of Antimicrobial Agents on
Resistance

The stimulatory effect on plasmids, episomes and transposons coding
for antimicrobial resistance is not limited to Luman-medicine related
activities. The abuses (from an antimicrobial resistance standpoint)

of the many non-medical uses of antimicrobial agents have appeared
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in the literature since the 1950’s. '™ In a sweeping review in 1987,

DuPont and Steele observe that:

Nearly half of the antimicrobial agents now

sold in the United States are used either
therapeutically or sub-therapeutically in
animals. A considerable portion of these drugs
are ionophores that are not used as therapeutic
agents in humans or animals. The majority of
the non-pet animals that are so treated end up
in the food chain for human consumption,
Antimicrobial agents are given to animals in
subtherapeutic concentrations for three
reasons: (1) to prevent infectious diseases
caused by bacteria or protozoa; (2) to decrease
the amount of feed needed; and (3) to increase
the rate of weight gain. It is generally
appreciated that the use of subtherapeutic
levels of antimicrobial agents is one tool that
has facilitated confinement housing, allowing
larger numbers of animals to be maintained in
production facilities of a given size. This

practice apparently has contributed to lower




costs of animal care and ultimately to a lower

cost to the consumer for meat, milk and eggs. '”*

This basically states the experience of the western world since World
War II.  This million or so kilograms of antimicrobial agent use '® is
distributed such that 80% of poultry, 45% of swine, 60% of feedlot
cattle and 75% of dairy calves marketed or raised in the U.S. are

estimated to have been fed an antimicrobial agent at some time

during life. '*' The subtherapeutic levels of antibiotics employed in
feeds for growth-promoting purposes in the U.S. range from 2g to
200g/ton of feed (2.2-220 ppm). For the prophylaxis of infection
among so-called stressed animals (i.e., those undergoing shipping,
weaning, or abrupt envirormental change), the concentration is
increased to 100-400 g/ton (110-440 ppm); the increased dose is
given to chickens for three to five days and to livestock for two to
three weeks. For the treatment of active infection, these drugs are
given in a still-higher dose; 200-1,000 g/ton (220-1,100 ppm). For
therapy, additional drugs may be added to water or injected

parenterally.
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Despite regulation of these substances via the Kefauver-Harris
Amendment of the Food, Drug and Cosmetic Act of 1938 and the
establishment of the National Research Council to study the Human
Health Effects of Subtherapeutic Antibiotic Use in Animal Feeds in
the U.S., the joint Agricultural and Medical Research Council
Committee in the U.K. and similar efforts in other couatries,
resistance generated in enteric organisms from chickens, pigs, sheep
and cattle fed antibiotics for growth enhancement, and the spread of
such bacterial resistance to regional farm workers persist. '** Along
with this, the continual flow of detectable levels of antimicrobial

agents continues into the human food chain, '*3'341851%6

By the mid 1980’s, the whole relationship between human and
animal physiology in these matters had become so blurred that the
technology of using animal models of infection to assess antimicrobial
activity had been called into question. '™ Once established by
Linton'® in 1977 that indeed antimicrobial resistant microorganisms
from antibiotic-fed commercial farm animals could colonize the

human gastrointestinal tract, the literature continually logged

1

examples ' of this phenomenon and even produced a molecular

epidemiology of it. '*°, Holmberg synthesized critical observations on

an 18-case outbreak of drug-resistant nontyphoidal salmonellosis:




1) It has been demonstrated that animals fed
antimicrobics at low doses shed bacteria

resistant to the ingested antimicrobics.

2) Surveys by the United States Department
of Agriculture (USDA) of meat and poultry
going to market show that a high proportion
harbor resistant Salmonella spp. and other

Enterobacteriaceae.

3) Resistant strains of Salmenella spp. are
frequently recovered from humans and have
increased in the 30 years during which sub-
therapeutic antimicrobials have been added to

beef, pork and poultry feed.

4) Several other investigators have shown
that resistance (R+) plasmids extracted from
Salmonella spp. from humans and from food
animals are the same (i.e., there is substantial
overlap between human and animal pools of

drug-resistant Salmonella spp.” "'
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These observations coincide with individual observations over a
great deal of the literature from the previous twenty years, including
the observations of A. Ch. Sarkisov of the All-Union Experimental
Veterinary Institute in the USSR (1966) cited earlier in the present
investigation. The notion of antimicrobials as food supplements has
even been considered for humans. In the 1950°s and 1960°’s, a series
of studies was conducted in which antibiotics (usually tetracyclines
or penicillins) were administered in doses ranging from 5 mg to 100
mg per day to persons of all ages for periods of up to three years.
These studies '** indicated that minimal but measurable growth

increases resulted when infants were given the supplemental

antibiotics,

The investigative and evaluative powers of organized teams from
various nations '*>'* have been brought to bear on antimicrobial use.
The most notorious of these (England, 1960’s) resulted in a series of
national regulations for the use of antibiotics in animals bred for
food. After a decade of being in effect, by most accounts these
regulations at the least failed to accomplish what their writers
originally intended. '"* The basic strategy here was to classify
antibiotics into two categories, “feed” and “therapeutic.” Those in the

feed category had either minimal or no therapeutic role, and were
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available for use in animal feeds without prescription.  Therapeutic
antimicrobials could be prescribed only by a medical or a veterinary
practitioner, and the regulations emphasized that the veterinarians
were to prescribe a therapeutic antimicrobial only if they had the

animals under their care. Threlfall '* suggested that the veterinary

profession ought to show more prudence in its prescribing habit and
Rickmond & Linton ' suggested that medical as opposed to
veterinary use of tetracycline may have created a selective pressure
for the high incidence of tetracycline-resistant organisms in the
human population. The Swann Committee may have placed undue
emphasis on the preservation of therapeutic usefulness of one
antimicrobial agent (chloramphenicol) over others. Some other
factors that may have conspired to defeat the utility of the British

regulations have been identified, including;

1) The use of other drugs (such as
tetracycline and trimethoprim) may have

encouraged spread of resistance to

chloramphenicol as part of multi-resistance.

(2) Over enthusiastic representatives of

pharmaceutical firms as well as black market



operators may have found farmers all too

ready to sidetrack their veterinarians,

3)  Advertisements in trade periodicals may

have encouraged these attitudes.

These lessons may have serious repercussions yet to be felt in

medicine.

There are yet other reports in the literature asserting that the
phenomenon of antibiotic resistance factors among microorganisms
likely to have been minimally affected by human intervention may
be linked to wild ecosystem survival. '** Despite all of the above
observations, there is little doubt that antibiotic use selects for
antibiotic resistance genes (See Gardner, et al,, 1969 cited carlier).
Several articles '*’*° and documents **'2*in the literature of the mid
1970°s to early 1980’s clearly demonstrate concern by the medical
community over its liability in this problem as well as its creativity
in proposing solutions in the form of proper prescribing regimens

and other policies.
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Effect of Clinical Misuse of Antimicrobial Agents on
Resistance

It is indeed this clinical issue which constitutes the sixth and last
major focal point revealed in the present review of the literature.
Could clinical misuse of antimicrobial agents act as a stimulatory
factor relating to antimicrobial resistance? The literature suggests
that this is likely to be so in some measure. Investigations began by
Louria & Kiaminski ** lasted over a decade *‘2°*%27 3pd established
that minimal overgrowth due to antimicrobially resistant bacteria
may predictably follow from systemic antimicrobial therapy. This
undesirable microbial complicition may be due to direct influence of
some of the agents used on the colonization resistance of the
digestive tract, *® or to the suppressive effect of the agents on
endogenous microorganisms *” or on other factors previously
reviewed here.  These concepts may have been developed over
decades of the “antimicrobial era,” but the idea that resistance was a
changeable, escalating phenomenon in the health care arena was

observed and reported early on.

In a series of reports *°?' in the early 1970’s, Maxwell Finland
chronicled the evolving nature of antimicrobial resistance among

microorganisms isolated at the Boston City Hospital since the




29.
beginning of the “antimicrobial era.” Other reports *':213214213216
clearly demonstrate that the phenomenon of drug resistance as
related to agent use was well documented and probably well known
to practicing physicians. During this period much has been made in
the literature about ways to deal with the fact that we may be
causing some of the problem. Some concern was related to the
notion of initial vs. definitive antimicrobial therapy and that very

different strategies need to be employed to achieve the greatest

217

success. Distinctions were also made between prescribing

strategies to be used in hospital practice *'**'* and office **° or family

221

practice. Various strategies for focused antimicrobial therapy

became popular by the mid-1970°s. 2

As many of these corrective efforts evident in the literature
suggested, there seemed to be no end to the responses that
microorganisms would make or exhibit in their own defense. Some
of these responses seemed to persist despite long standing efforts to
understand and defeat them. An example is tolerance. At least a
couple of forms of tolerance have been reported in the literature.
The first, phenotypic tolerance, was described in 1942 ** followed
by genotypic tolerance described in 1970 *** with continuing work

reported on the underlying basic science to the present day. *** By
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the late 1970°s and early 1980’s so much attention was focused upon
the complexity of factors to be considered in the selection of
appropriate antimicrobial agents that computer models based on
“expert system technology” were being developed and tested *** as

were patient-care audit * and computer based antimicrobial
p

auditing systems, **

Despite all these controls and all the awareness that is evident in the
literature, evidence has accumulated that the resistant strains that
we help to create **’in our health care facilities do in fact escape
from facilities and are distributed to the surrounding environs. **°
The third generation cephalosporins offer an example of another

problem in this arena. In the ever escalating effort to produce more

and newer

antimicrobial agents, did the technology of
development and production outstrip the science necessary to
understand and evaluate these agents adequately? Some of the
evidence summarized in 1983 by Sanders ** suggests that this
dichotomy may be so. New relationships between B-lactamases and
B-lactam antimicrobial agents have been reported ***** (such as
lactamase induction depression) that place even more emphasis on

correct clinical use. The very proximal process of (seating a patient

in a temporal sense has been afficted by the phenomenon of drug
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resistance emerging during antimicrobial therapy ** as has been
reviewed earlier. This problem is made even more troublesome by
the fact that some of the newer organism-agent resistance

relationships are not easily detectable by state-of-the-art laboratory

tests. 136‘237

This problem, of course, leads to more prescribing of
these agents with unpredictable success followed by subsequent

higher doses and the escalation continues.

Thus there appears to be evidence in the accumulated literature on
these matters leading us to understand that antimicrobial resistance
is very wide ranging, of long duraticn (both prior to, and during the
“antimicrobial era™), has beea contributed to by early prophylactic
prescribing practices, has evolved in complexity from chromosomally
mediated to plasmid mediated, has been rwdsurably affected by
non-medical use of antimicrobial agents and is contributed to by

clinical misuse.
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ChapterII1
Hypeothesis
As the cephalosporin amount increases, Streptococcus faecalis
resistance increases at least as fast. Based on the review of
literature, all factors affecting stimulation of antimicrobial resistance

should be considered and reflected in the data of overall resistance.

Definition of Terms
Abuse of antimicrobial/antibiotic agent:
A general level of production and antibiotic agent
consumption of an agent that results in long term
stimulation of high levels of resistance to those agents

not in the best interest of consumers of the agent,

Antibiotic:

A chemical substance produced by a microorganism
which, in dilute solutions, has the capacity to inhibit

the growth of or to kill other microorganisms.

Antimicrobial;

An agent that kills microorganisms or suppresses their

multiplication or growth.




Appropriate antimicrobial/antibiotic use:
Justifiable administration of an agent with regard to

the clinical situation and current medical practice.

cephalosporin level:
The annual dry weight production (adjusted for

population changes based upon an index year of 1971)

available in the U.S.

cephalesporin resistance:
Zone sizes by standard disc diffusion susceptibility
tests reported by diagnostic microbiology laboratories

as indicating in vitro contraindication of use.

Inappropriate antimicrobial/antibiotic use:
Administration of one agent when a more effective, a
less toxic or less expensive agent is recommended by
current medical practice; or when improper dosing or

administration intervals is prescribed.
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Streptococcus faecslis:*
A Gram-positive cytochrome-negative, coccoidal
bacteria characterized by the following attributes:

Catalase
Hemolysis (5% SRBC in TSA)
Streptococcal group Antigen

Hydrolysis of Bile Esculin Agar
Growth in 6.5% NaCl

Bile solubility -
Growth at 10°C.

Pyruvate

+ + O <

+

Arginine +,0e
Starch -
Hippurate v
Sucrose +,0e
Lactose +,0e
Mannitol +
Sorbitol +,0e
Arabinose -,0e
Sorbose -
Inulin -

Raffinose -,0e

Gluccan N

+

90% or more of strains positive

= 10% or less of strains positive

one of the Lancefield Catcgories

variable rcactions

occasional exceptions fiom the state reactions
no glucans

D
A
oc
N
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*The epithet of this organism was changed in common usage in the
late 1980°s to Enterococcus faecalis. It has been used in this form for

this study in consideration of the vast preponderance of literature

referring to it as such.

Unjustified antimicrobial/antibiotic use:
Administration of any agent when there is no clinical

indication or when excessive duration is prescribed.

Assumptions

1. Abuse of antimicrobial agents is widespread.

2. The sheer quantity of antimicrobials available to the
environment through human-directed production in exaggerated
comparison to the amount that would have been produced by natural
biosynthesizing organisms is stimulus enough to the microbial pool to

encourage emergence and frequency of genetic protective

mechanisms.

3.  The "amount" of cephalosporin available to the
environment can be objectively estimated by production and

certification figures and marketing research estimates. These figures
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are only estimates in that production sent to other countries cannot

always be identified.

To the extent that the hypothesis has been established, resistance
should be a reflection of the total Darwinian pressure for allelic
selection. The most appropriate data gathering technique then is to
quantify the gross production of cephalosporin and graph it

superimposed on the resistance profile over time exhibited to it by

Stp. faecalis .

While the data on the general subject of this study is abundant, it
tends to be discrete, noncontinuous and unpredictably available over
long periods of time. Therefore, a single organism with limited target
organ specificity and reasonably stable epithet designation over time
has been selected and, likewise, the agent selected has continuous
utilization over the span of the study with accomipanying standard
usage patterns,  Nonetheless, precise data has been difficult or

impossible to come by for some or several index points for each of

these two analytes.
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Procedure

Sources of Data

The primary documents of data have been the national
incidence of resistance to cephalosporin exhibited by
Streptococcus faecalis as recorded by the National Technical
Information Service, the United States International Trade
Commission and other national data bases. cephalosporin
quantity data have been determined by production and
certification figures and marketing research estimates obtained
from U.S. manufacturers of cephalosporins and compiled by

various federal agencies such as the U.S. International Trade

Commission.

Independent variable

In this study the level of availability (production) of
cephalosporin has been viewed as the predictor or independent
variable of resistance. This research study views availability of
drug as a cause, results being dependent upon differences of

level of the independent variable.




Dependent Variable
Microbial resistance levels are viewed as the dependent
variable because they should vary in some relationship to the

independent variable (availability).

Intervening Variable
Changes in prescribing protocols are viewed as intervening
variables because their effect would be to influence the

relationship between the independent variable (availability)

and the dependent variable (resistance).

Statistical H hesi
High levels of availability (production of cephalosporin) will
result in high levels of resistance on the part of Streptococcus

faecalis.

Data Gathering
Review of the primary documents (from US manufacturers and

CDC) has been ntilized to gather data for the study.
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Data Analysis
The gaps in available data and the change in reporting and
reviewing practices over the span of this study have obviated
several types of data analysis. The array and depth of data has
been sufficient for graphical analysis and is compelling,

Conclusions can be drawn from several graphical presentations

in Chapter IV,

A
3




Results

Enterococci (to include Stp. faecalis ) are important nosocomial

pathogens accounting for up to 10% of all infections among
hospitalized patients in the U.S »* Estimates indicate that the
number of serious enterococcal infections increased 20% per year
from 1976 to 1981 and continues to increase. *°**.?*'*? By the late
1970’s such high doses of Cephalothin and related agents were being
used to effect favorable clinical outcomes that quite serious ADR's
(adverse drug reactions) were becoming common enough to report

on in the literaiure, **

The hope that Streptococcus (Enterococcus)
faecalis would not fall i line with so many other B-lactam treated
invading microorganisms such as Sth. aureus and Gram-negative
bacilli was shattered in 1983 with the discovery of a B-lactamase
producing strain in Houstcsn, Texas ™' that turned out to be plasmid
dependent and of staphylococcal origin. 2** This observation quickly
brought Stp. faecalis into the same sphere of consideration as many
other infectious bacterial agents commonly treated with B lactam

agents, In particular this organism had a long relationship

chemotherapeutically with Cephalothin, a popular and successful 8-

lactam agent.
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The hypothesis of the present study assumes that there has been an
increase in antibiotic production over time that would contribute to
the Darwinian pressure to increase any antimicrobial allelic or

plasmid-derived resistance to such ageats as organisms might be

exposed to.

50 Total U.S. Production of Antibiotics
45
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Figure 1.
Figure 1 indicates that just such an event has occurred at least as
regards U.S. total production of antibiotics over the ncarly thirty year
period 1960-1988. This period showed a 256% increase overall
(389% increase for 1960-1986) with the most steady and sustained

increase occurring from the period after the passage of Medicare and
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other access-enhancing legislation of the 1960’s. While the total
production of medicinal chemicals in the U.S. has not been
consistently reported, the total antibiotic production has, as in Figure
2.

U.S. Production of Medicinal Chemicals and Antidbiotics
204. “Ifed. Cliom. Prod. D Antibietic Production

250 AM

e

8

=]
a

Millions of Pounds
@
o

OM

l9l60 19I7° 19'30 @ = Dats, See Appendix A
O = Estimated

Cephalothin approved by FDA, 1965
Years (1960 - 1988)

Figure 2.

It would appear from the limited data available that a rough parallel
between medicinal chemicals of all types and antibiotics exists.
Cephalothin, the first widely available cephalosporin was released in

1965 by the United States Food and Drug Administration (USFDA)
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and began to be monitored carefully in terms of total production in

1971.

When compared to total antibiotic prescriptions, there is a

production parallel as in Figure 3.

240,
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|
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Years (1964 - 1988)

Figure 3.

From this data, if the total cephalosporin prescription amount is

segregated (Figure 4) it indicates the same kind of increase as in the

total antibiotic production (Figure 1). To this extent it seems safe to

conclude that number of prescriptions of a particular agent (at least

in this case) parallels the total production in pounds. The fact that

=
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this comparison must be made for the purposes of this study is a
commentary on the true scope of the antimicrobial use-resistance
problem in the United States and worldwide. Despite the sizable
economic impact of these agents ($75 billion in 1980, $150 billion in
1990 and an estimated $270 billion by 2000 worldwide %), data is
still collected sporadically on their production and sales. In addition,
we are just beginning to appreciate that there is a disparate
distribation of these agents for all uses bstween developed and
developing nations. While the developed countries (U.S., Canada,
Japan and Western Europe) represent 15.9% of the world population,
they account for 51.9% of world sales and, by comparison, the 74.5%
of the world population living in Africa, the Middle East, Latin
America ard Asia only account for 21.0% of world pharmaceutical
sales. " In addition to the fact that our proportional overabundance
of these agents occasionally results in literal overdoses, ** it also
affecis the global resistance plasmid flow in ways that can only be

imagined at this juncturs of our knowledge.
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Figure 4.

Further, it would seem that this rate for Cephalothin at lcast and
perhaps for other antimicrobial agents exceeds the prescription
pattern of chemotherapeutic drugs in general as in Figure 5. Indeed
it appears that the sporadic and uneven world production data that
is interpretable suggests that cephalosporins have consistently

represented about 12% of total antibiotic production and use and

currently are at about 1,200 - 1,400 tons annually>**?*
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Figure 5.

Over this same period of time, the response by Stp. faecalis to the
increased presence of this agent, as for many others, has produced a
percent sensitive decline from roughly 62% to 18% as in Figure 6
(page 47). The cross species and even cross genus ** sharing of
resistance plasmids reviewed in Chapter IV may well have had an
effect on the slope of this curve especially since 1978. During this
time interval, Cephalothin was the lead cephalosporin in production
the world over except for the last couple of years when other agents

in this group and other groups of B - lactam and other agents began
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Figure 6.

to replace it in prescribing protocols. ** In fact this practice of

defining the standard prescribing protocols for various “drug-bug”

combinations quite popular in the 1960’s and 1970°s began to fade in
the 1980’s as they had to be revised so frequently and had to be of

such immense detail as to be of less and less use.

When the data sets from Figures 4 and 6 are superimposed, as in

Figure 7 {page 48), they show an obvious relationship.
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Cephalosporin Prescriptions vs. Streptococcus 18ecealis Resistance
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Figure 7.

In the span of this collective daia set, despite early > (1950’s)
knowledge of this organism’s quick response to chemotherapeutic

challenge and continual revelations about the organisms resistance

254

process and general epidemiologic attributes, *** entrenched

prescribing patterns persisted (as was true of many other “drug-bug”
combinations) to the point of a lack of use of the antimicrobial agent.
Other agents were discovered *** and introduced™ in such a way that
Cephalothin became less and less prescribed by prescribing
physicians in response to infectious disease challenges posed by Stp.

faecalis.® To this end the data collection on one arm of the data set
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arrayed in Fig 7 ends abruptly. This situation, repeated in various
ways for other “drug-bug” combinations given the collective
pressures of prescribing practices, pharmaceutical production
investment and the lag of research on resistance, has resulted in
making it difficult or unlikely to be able to do such a longitudinal
study as the present one with “drug-bug” combinations of the 1990’s
and beyond. Nonetheless, the information revealed by the data flow
culminating in Figure 7, is clear and compelling. As Cephalothin was
produced in ever increasing quantities, its effectiveness as a
chemotherapeutic agent in the treatment of Stp. faecalis induced

infectious disease in humans was diminished.
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Long Ranze Consequences
The results of this study are consistent with its hypothesis. They
illuminate corrective action to resolve a serious problem, that is to

say reducing the amount of antimicrobial available to the

environment by proper medical use, decreased agricultural
prophylactic use, etc., would result in a concurrent reduction in the
Darwinian pressure propagating high densities of drug resistant
plasmids. The possibility for change in the existing social system is
quite real and of significant magnitude.  The various changing
dynamics of non-medicinal and medicinal antimicrobial agent use as
a possibility of course must be taken inio account. An example of
this is indicated in Figure 8. The literature is convincing on the point
that our use of antimicrobial agents does have an effect on microbial
resistance to these agents. The data in this study shows clearly that
not only does our method of using these agents result in their
declining efficacy but alnost in direct parallel to the quantity of our
use. Continued misuse of these agents seems to be irresponsible.
Previous work in this field, such as that by Smith, et. al. (See Ref.
#38) suggests that at a minimum, we should try to use these agents

when their use is required rather than when it is expedient.
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This data reveals a change in the relationship between prescription
frequency and total population exposure to chemotherapeutic agents
in the US. Traditionally, the number of prescriptions paralleled the
total population exposure to chemotherapeutic drugs, but in the early
1970°s the total number of prescriptions fell as the prescription size
continued to grow. This growth in the size of prescriptions (number
of tablets, injections, capsules, spoonful, etc. per prescription event)
offset the decvease in numbers of prescriptions enough to keep the

total population exposure increasing for several years.  This

b
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phenomenon has continued to evolve to the current time where total

prescriptions and total population exposure are now again increasing

at a similar rate.

Yet another factor to be considered relates to the rapid change now
necessary in the organism-agent treatment regimens. For example,
the organism in this study is now considered to be inherently
resistant to multiple antimicrobial agents, including polymyxins,
lincloseamides and trimethoprim-sulfamethoxazole and as having
reduced susceptibility to cell wall agents such as B-lactams and
vancomycin. ’** The latest escalation in the confrontation between
prescribing practices and microbial genetics as regards this
microorganism, involves synergistic combinations of a cell wall active
agent plus an aminoglycoside. *****' Even in these regimens the
organism eventually breaks out on top with what is now described as
High Level Gentamycin Resistance (HLGR) and High Level
Streptomycin Resistance (HLSR) toward the aminnglycoside partner
in the antimicrobial cocktail with resulting loss of synergism. *** With
the subject microorganism of this study now well appreciated as
multi-drug resistant, these problems along with the $100 million to
$30 billion ** incremental cost associated with antimicrobial

resistance annually in U.S. hospitals alone is cause for social change.
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At this point, the literature and production figures may not suggest
the same conclusion for all organism-agent combinations, but a
commor: conclusion may be possible. *** It is quite likely that there
are more and more complicated factors at work in the dynamic of
other organism-agent relationships. *** What this study helps to
demonstrate is that evaluation from a long perspective is
illuminating, that further study in this arena is likely to be
productive, and that the resultant social change that might follow
could be part of the permanent relationship ** between us humans
and our microbial companions in evolution. Some social chanye

strategies that appear germane to the problem at hand include:

1) Curtail or abandon antimicrobial yse

Even though the literature clearly suggests that antimicrobial

Tresistance among microorganisms subsides over time when
antimicrobial agent use is minimized or discontinued, this is just not
a practical solution in general. However, in circumstances that are
desperate on a local level or unexplainable by other scenarios or

both, this notion should be kept in reserve.




2) Prevent acquisition of resistance
One of a number of possible reviews of this matter has been
conducted in Chapter IIf of this study suggesting that creating the
Darwinian pressures for plasmid-based resistance practically ensures
their increase in the microbial gene pool. Even the once-thought
barrier of cross-species or cross-genus sharing of these bits of DNA
are apparently no longer a matter of anticipated safety. To the
extent, however, that other research in this field may reveal some
inhibitable cell-cell or cell-surface property essential or contributor:’

to such genetic transfer, a solution at this level may some day be at

hand.

3) Proliferation Prevention Within an Individual

The major recommendation of this study must relate to proper use of
esisting antimicrobial agents and maximizing the contemporary
agent-organism competitiveness. These steps seem obvious from the
standpoint of minimization of resident flora depression so as to
enhance competition between drug-resistant invaders and host

microorganisms. The possibility of seif/non-self microbial vaccine

cannot be ruled out.
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4) Preventicn of Proliferation Between Individuals
This idea actually has a long *' and quasi-successful history relative
to this problem and may vet produce new solutions. The 1940°s
“barrier-strategy” was born of the challenge posed by Stp. pyogenes
and the shrapnel bombs of World War II. The idea in these cases
was tc erect a physical or fornite barrier between the infectious
disease patient and everyone else. The “filtration-strategy™ followed
vis-a-vis airborne Staphylococcus spp., wheseby microorganisms
likely to be aggressive in an infectiovs disease sense needed to be
plucked out of floating proximity of the patient. The “opportunity-
minimization strategy” was attendant to the 1970's problem of
Gram-negative bacillus resistance.  Observations were made that
infectious disease jeopardy with drug-resistant microorganisms was
due in part to opportunity, The use of indwelling urinary catheters
frequently results in infection within 48 hours. Reducing
unnecessary catheterization reduces infection and antimicrobial
resistance. The most contemporary challenge is the multiple-drug
resistant microbial invader and this circumstance has again
suggested an “environmental/people flow” Tesponse. All these
historic and current notions having a bearing on preventing cross
contamination with drug-resistant microorganisms should continue

to be explored as social change options.




5) Agricultural management

There are, of course, several obvious parameters extant in our non-

medicinal use of antimicrobial agents that bear on the overall
problem of resistance. The nature of consact between animals in
their feed-lot, habitat and slaughter-house environments, contact
with feces and general agricultural hygiene are all material to the
constellation of solutions needed to address this problem. Also
suggestive of societal-business actions would be matters of how
lost/sold animals from one farming location are replaced, from how

diverse a group of suppliers and how diverse the customer base

those suppliers have. These all relate to a defined technology

already existing in their field called Relocation-Mixing-Dietary {2MD)

syndrome,

6) Antimicrobial Use and Resistance Data Collection

The standard indexing for measuring drug use in each nation should

L be giver significant consideration. The Norwegian originated Defined
Daily Dose (DDD) index ** would provide a basis for national and
world evalvation and comparison of segmental data. If this were to
be coupled with the liberation of currently privately collected data in
this field, then the great possibility for more light to shine upon this

problem would be greatly enhanced.
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In all proBability the tremendous but stepwise modifications in
federal, state and other health policy, as well as policy decisions and
incentives in the United States Department of Agriculture and
elsewhere, have conspired to produce the various direction changes
evident in Figure 8. Many experts in the general arena of health care
have suggested that this imprecise and politically susceptible
approach has resulted in glaring loopholes in reimbursement
procedures for the federal and state governments as well as the over

1,500 health insurance agencies in the United States.

These data revealed in the present study suggest that national (or
global) attitude changes would likely have a long term beneficial
effect on the deteriorating circumstances surrounding microbial
resistance to antimicrobial chemotherapeutic agents. Basically this
would involve all of us looking at the “drug-bug” interface as a
microscopic representation of the whole earth environment that has
been examined stringently of late. The same type of policies and
awareness need to emerge in the chemotherapeutic world. That is,

we must all use the resources at hand in a thoughtful and

responsible manner.
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From once thinking of antibiotics as exceptional agents of prophylaxis

to recognizing their iimitations if used in that manner, we have come

far. The task now is to make some permanent system-wide advance

based on this lesson that may have been learned.
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Appendixd

The following “Datasets” are provided in order to clarify the origin of

various data presented in Chapters IV and V. Most data points are

ultimately referenced to original sources listed in Appendix B.




Dataset #1 (Figure 1.)

%0 Totel U.S. Production of Antibiotics
45

. K

304

25

20 ry

Miftions of Poundg

|- E——— -

|
1960 1970 1980 1988

O = Estimated
Yeers (1960 - 1988)

® Subset "A*, Years 1960, 1965, 1970
Source: USFDA, 1971

+ 1974  20.549 mijllion pounds sece Ref. 269,

« 1980 24.628 * “ see Ref. 270,
« 1983 31.886 “ see Ref. 271
o 1984 30442 ¢ “ see Ref, 272
+ 1985 31992 « “ see Ref. 273
* 1986 44430 « “ see Ref. 274

- 1988  28.827 « “ see Ref. 275
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Dataset #2 (Figure 2.)

US. Production of Medicinal Chemicals and Antibiotics
200 ¢Ied. Chem. Prod, O Antibiotic Production

-
*]

millions of pounds
a
-]

% A L
b W
1960 1970 1980 1988
© = estimated
Cephalothin approved by FDA, 1965
see Ref. 2, pg. 1025 ©® = Subset "A", gee dataset }

years (1960 - 1988)

B 1974 243.543 million pounds see Ref. 276 p. 95
C 1980 243876 “« ¢ see Ref. 277 p 117
D 1981-3 see Ref#278p. 97
E 1984-8 see Ref.#279




Miflions of Prescriptions

Dataset # 3 (Figurs 3.)

U.S. Antibiotic/Cephalosporin Prescriptions
2%0. OUS, Antibiotic Rx.'s @ Cephalosporin Rx.'s
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years {1964 - 1989

Subset “A” see Ref. 2, pg. 1025
Subset “B” IMS America, Ambler, Pa., 1985
Subset “C” see Dataset #4




Dalaset ¥4 (Figure 4)

Total U.€. Preseriplions of Cephalosporins
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MR
1972 1980
years (1972 - 1989)

Subset “A™ see Ref. 280, p.
1985 see Ref. 281, p.
1986 see Ref. 282, p. 6
1987 see Ref. 283, p. 11
1988 see Ref. 284, p. 8
1989 see Ref. 285, p. 9

1989




prescripticns (x10 million)

Total Rx.’s Dispensed by U.S. Pharmacies

Dataset 5 (Figure 5.)

200,
180
140 Poog
Boog

120 P
100 Dfu

80

60

40.

20

0
1964 1970 1980
yeers (1964 - 1980)
see Ref. 285, pg. 7

1964 836.4 million prescriptions dispensed
1965 945.5 “ * “
1966 1034.5 “ “ “
1967 1056.4 “ “ “
1968 1127.3 “ “ “
1969 1174.6 “ “ “
1970 1260.0 “ “ “
1971 1327.3 “ “ “
1972 1420.0 “ “ “
1973 14927 “ “ “
1974 14727 “ “ “
1975 1463.6 «“ “ «
1976 1432.7 “ “ “
1977 1374.5 “ “ “
1978 1367.3 « “ “
1979 1354.5 “ “ “
1980 1341.8 “ “ “




percent susceptible

Datasst ¥ 6 (Figurs 6.)

Streptococeus faecalis Susceptibiiity to Cephalothin
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see Ref. 286, p. 793
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Dataset # 7 (Figure 8.)

Prescriptions. Population and Outpatieat Drug Exposure

QUS. Popuiation ORx, Size Y Total Rx.'s
145 X Popriation Exposure & Total Quentity
140 /»
A
§ 1354 1
W 130 ’r‘h.,..l
& 128 f
~ 124
b
T 119, rw
9 110 —T)
5 105, /X/ i
1004
95
1971 1980 1985
years (1971 - 1985)
Subset “A” see Ref. 287, p. 7 (1-4)
Subset “B” see Ref. 288, p. 11(1-15)
Population Size Ra's Exposure  Quantjty
1971 100 100 100 100 100
1972 101 104.2 106.9 110.1 112
1973 102 108.4 113.6 120.5 123.5
1974 103.2 112.7 112.4 122.5 126.7
1975 104.3 115.3 111.4 123.3 128.9
1976 105.6 120 109.3 124 130.7
1977 106.6 122.7 106.4 121.7 129.4
1978 107.7 122.9 103 119.1 128.4
1979 108.8 124.3 102 116.8 127.3
1980 110.3 126.3 102.5 119.7 131.6
1981 111.4 127.7 105.8 121.7 135.1
1982 112 128.4 111.8 128.6 136.2
1983 113.4 130 113 129 138
* 1984 115.1 129.2 114.8 129.1 139.1
1985 115.7 130.3 114.9 130.2 141

* = reference point, sec Ref. 289, p. 1041

U.S. Population = 234,443,000



percent susceptibie/millions of Rx.'s

Figure 7.

Cephalosporin Prescriptions v Streptococcus faecalis Resistance
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