CENTRE FOR NEWFOUNDLAND STUDIES

TOTAL OF 10 PAG
MAY BE XEROXED

SUSAN ELIZABETH JELINSKI







v

&
%PA'OI"IL um“‘ﬁ )
NEWFQUND!







THE EPIDEMIOLOGY OF ANTIBIOTIC UTILISATION: A STUDY OF
ANTIBIOTIC USE IN INSTITUTIONAL SETTINGS AND COMMUNITY
PRACTICE

By

Susan Elizabeth Jelinski

A Thesis
Submitted to the
School of Graduate Studies in
Partial Fulfillment of the Requirements
for the Degree of Doctorate of Philosophy
in the Faculty of Medicine, Clinical Epidemiology Unit
ial University of
St. John's, Newfoundland
Canada

May 2002



ABSTRACT
The frequent use of antibiotics, and the ensuing increase in bacterial resistance,

has caused much concern in the medical community in recent years. This study examines

antibiotic prescribing from various perspectives, utilising ibing i ion from
several sources including market research databases, a provincial prescription drug plan,
hospital records and patient-specific information obtained through chart review. Overall
quantities and types of antibiotics prescribed have been studied at a national level
comparing both Canada and the USA. at a provincial level using prescription claims data

for specific facets of the 1 ion, at the ity practice level

utilising chart review of a representative sample of patients in the communities of St.

John's and Mount Pearl. Newfoundland and at the hospital level using chart review.

of national ibi and the p
database has d similar ibing trends. A icillin was the most
used antibioti icilli for the greatest proportion of total

antibiotic prescriptions, a decrease in the amount of penicillins used was noted, and an
increase in macrolide use was seen across all three longitudinal databases. The cross-
sectional study of community practices in St. John’s demonstrated that amoxicillin was

the most used antibiotic, and the ions of total antibiotic use

by each antibiotic drug class were similar to those seen in Canada.



The Ontario Anti-infective Guidelines for C ity-acquired ions' was

chosen as the tool for i ipti i in ity practice.
When the physicians’ diagnoses were assumed to be correct, 59% of prescriptions were
appropriate. Using a criteria-based dcci;ion tree to predict etiology, 88% of respiratory
tract infections were likely to be viral, while the physicians thought that only 44% were
viral. The treatment recommendations outlined by the Canadian Community Acquired
Pneumnonia Consensus Conference G'mv.lp2 were used to assess appropriateness of
antibiotic treatment in patients admitted to hospital with community acquired pneumonia.

Sixty five percent of initial antibiotics and 59% of secondary oral antibiotics were

However ibing guideline was much lower for patients with

less severe community-acquired pneumonia.

To decrease i iate and i ibiotic use, it is necessary to first
the nature of antibioti ibing. The results from this analysis allow for
specific ic areas in ibioti ibing to be i it From this,

interventions to improve ibi i can be i

iii
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CHAPTER I - INTRODUCTION

1.1 Badl und of

The

p of antibiotics has greatly il to the ication of many
infections which were once untreatable before the advent of antimicrobial agents.
However this pharmacological advancement in clinical medicine has not occurred
without consequence. In order to survive environmental pressures and attacks on

viability, bacteria have

ped several isms 1o resist eradication. Most notably
bacteria have the capability to become resistant to antibiotics. Several lines of evidence

have a causal i ip between antibiotic use and the of

antibiotic resistance in bacteria’'® At present, bacterial infections have emerged in
which the causal organism is resistant to most or all available antibiotics, thus making
o

some infections untreatable. In response to this very serious public health issue, it is

necessary to ensure that antibiotics are only ibed for ios in which medical

indication warrants their use. As bacterial resistance is a response to antibiotic use, the

problem of resi: may be by judicious antibi

In Canada, antibiotics for human consumption can only be obtained through
prescription by a physician. Therefore these agents can be prescribed in such places as a
hospital or in community practices by both general practitioners and specialists. Each of
these care facilities or locations pose unique problems with regard to antibiotic resistance.

In the hospital, resistance is perpetuated by the abundant use of broad spectrum agents,



prescribed because of the severity of illness of many patients requiring care.
Furthermore, the close proximity of patients in hospital promotes the spread of infection
among patients, thus requiring further antibiotic use, as well as the spread of resistance
genes among bacteria.  Approximately 80% of all antibiotics are prescribed in
community practice settings.'> It has previously been proposed that many of these
prescriptions are unnecessary; one of the most common reasons for an antibiotic

prescription by a family doctor is for respiratory tract infections, such as the common

cold, which are predominantly viral in nature. As a result, many more antibiotics are

being i and than i indicated. IMS Health Canada has

that i 10% of all iptions issued are for antibiotics. This
amounts to 25.4 million antibioti iptions for a ion of approxi 30
million people. Therefore, on average, about one antibiotic prescription is

for each Canadian citizen in a one year period. It is likely that this excessive use has

contributed to the problem of bacterial resistance.



12 Pus of St
The problems surrounding antibiotic use have been a topical issue in recent years. As
a result. i i have studies ining how antibiotics are

in the various health care sectors. Valid drug use data are essential for determining how
antibiotics are prescribed. Medical practice patterns of antibiotic use utilising patient

specific data impart valuable information that can be used for intervention purposes

focussed on improving the ibing habits of the ici F because of
the concern for antibioti i ibiotic utilisation data can aid in predicting future
bacterial resi that may arise as a direct result of antibiotic use.

G i iations in the ibing of antibiotics exist. Therefore it is

to study local antibioti ibing practices in order to specifically determine

potential prescribing problems that may be present in the defined population of interest.

This study has obtained valid data in order to study the determinants of antibiotic

in St. John's, ining both ing in
practices, well as in-hospital antibiotic prescribing for patients with community-
acquired pncumonia. Specifically, a chart review study was conducted in general

offices to i igate antibioti ibing for ity infecti In
addition to this, antibiotic prescribing databases were obtained from the Newfoundland
and Labrador Prescription Drug Program and IMS Health Canada for comparison with

the community antibiotic prescribing trends captured in the chart review study. A chart



review study was also toi

igate how antibiotics are ibed for patients

admitted to hospital with the di: is of i ired

Although quantification studies provide imporant insights into the types of
antimicrobial agents that are regularly used and the indications for which they are

prescribed, it is also important to examine the i of these ipti It
has been that of i have been avoided because of
di in assigning a tangible and i ition of i as it

relates to antibiotics."* Part of this problem stems from the sources of prescribing
information that are available (i.e. administrative databases compared to patient-specific
information obtained through chart review). The current study has utilised a chart review

process to obtain maximum information so that ome may accurately assign

ratings. several i rating tools have been
mpl such as the Anti-infective Guidelines for C: ! as
well as the Canadian clinical practice guidelines for the of ity acquired

ja’ Once i has been specific ibing problems can
be easily identified. With knowledge of these specific prescribing problems, focussed
interventions to change ibi iour can be ped and i with

the aim of decreasing unnecessary antibiotic use.



CHAPTER 11 - LITERATURE REVIEW

2.1 Bacterial Resistance

211 ition of A and i of Action

Antibiotics are defined as compounds, either occurring naturally or produced
synthetically, that can kill bacteria directly (bactericidal), or prevent the growth and

of these 13

It is thought that antibiotics

originated from microorganisms as natural products made to protect these same

in their ' For example soil streptomycete intrinsically
produces the antibiotic streptomycin. To survive, however, the soil streptomycete had to
be resistant to its own antibiotic that it produced.'” Therefore the phenomenon of

antibiotic resistance occurred naturally, long before antibiotic therapy became a routine

part of clinical medicine. The bacterial resi: genes i to evolve

as a result of i i itie R ive studies have demonstrated that

certain microorganisms were resistant to particular antibiotics, before these antibiotics
were developed for medicinal purposes, thus demonstrating that antibiotic resistance
occurs naturally.'

Antibiotics act on and eventually kill bacteria by inhibition of one or more of the

following five bacterial cellular events: cell wall synthesis, cell membrane function,



protein synthesis, nucleic acid is and ic p jotics can be

ding to their i of action. iotics which inhibit cell wall

synthesis are the B-lactams, which include penicilli i and

monobactams. Generally these antibiotics combat bacteria by crossing the bacterial cell
wall and binding to structures called penicillin binding proteins (PBPs). Under normal
circumstances, the activity of PBPs involves catalyzing the cross-linking of
peptidoglycan chains in the bacterial cell wall. These cross-links provide the structural
support of the cell wall. When the B-lactam drugs bind to the PBPs, the peptidoglycan
cross-linking is inhibited, thus compromising the strength and integrity of the bacterial
cell wall, which inevitably leads to osmotic rupture and cell lysis.'” These antibiotics are
therefore bactericidal.

Antibiotics which disrupt protein synthesis include the tetracyclines,

elycosi o ; " 2 e a0 e
tetracyclines act by binding to the 30S subunit of the bacterial ribosome. This binding
inhibits bacterial protein synthesis by preventing the amino acyl-tRNA from forming a
complex with the mRNA-rib The ami ides and specti in also bind

to the 30S ribosomal subunit and block protein synthesis or cause the ribosome to
misread the genetic code. Macrolides and clindamycin bind to the 50S ribosomal

subunit, thereby inhibiting the translocation step of protein synthesis. Chloramphenicol



also binds to the 50S subunit, but prevents protein synthesis by inhibiting the peptidyl

transferase reaction.'®

The anti-bacterial action of the qui groups of antibiotics is

through the inhibition of DNA replication. This is it by i ing with the

activity of the DNA gyrase enzyme called topoisomerase II. This enzyme is responsible

for unwinding the bacterial DNA in ion for icati The

inactivate the DNA gyrase enzymes, thereby preventing DNA replication.'®

The group of antibiotics which act through inhibition of metabolic pathways is the

This is ished by either inhibiting folate synthesis or p ing
folate reduction. The active form of folate is required by bacteria to aid in absorption of
folic acid. Many of the sulfonamides, which are similar in structure to p-aminobenzoic
acid (PABA) (a substrate required to synthesize folate), compete with PABA for the

activity of the enzyme dil thus preventing the synthesis of folate.

Trimethoprim is an inhibitor of folate reduction. For folate to be active, it must be

reduced by the enzyme di Tri im is a potent inhibitor of

this specific enzyme.'®



212 isms of Antibi

Bacteria have the ability to the icating effects of antibiotics in a

variety of ways. There are three well described methods in which bacterial resistance to

is i These i i i include ion of
antibiotic inactivating enzymes, changes in cell wall permeability and altered structural

targets. >3

The first method of bacterial resi is through i ion of the

antibiotic. For example some bacteria produce B-lactamases which function to cleave the
B-lactam ring. Antibiotics which act through the destructive mechanisms of B-lactam, are
rendered ineffective in the presence of B-lana.mms,“ However some B-lactam

antibiotics have been developed which are resistant to the enzymatic activity of B-

20

(ex. icillin. oxacillin,

A second mechanism of resistance involves changes in the bacterial cell wall

permeability. For example, some bacteria have cell

resistance through the production of efflux pumps. Efflux pumps function to actively
extrude antibiotics from the bacterial cell immediately after the antibiotic has entered.
Therefore a high enough concentration of the antibiotics is never reached to ensure that
the antibiotic can act against the bacteria. This type of resistance has been effective

against i idssanduloniones




A third mechanism of resistance involves altered structural targets that antibiotics

bind to. For example the B-lactam antibiotics require binding to PBPs for the action of

the antibiotic to occur. Some i have ped resi: to B-l by
altering the structure of these PBPs, therefore preventing the binding of B-lactams. One

example of this is the of icillin resistant byl

aureus (MRSA). This microorganism produces PBP2a, which is a structurally altered
form of PBP, encoded for by the MecA gene. Consequently B-lactams cannot

successfully bind to it and disrupt peptidoglycan cross-linking. >

2.13 Transmission of Antibiotic Resistance

The resistance of bacteria to an antibiotic can either be intrinsic or acquired.
Intrinsic resistance is common to and expressed by all members of the genus or species.
This type of resistance involves a natural characteristic that bacteria may posses by the
nature of their morphology (ex. gram-negative bacteria resistant to vancomycin) or by
inductive expression of a latent chromosomal gene.'® Acquired resistance is a result of
the transfer of resistance determinants or genes from one microorganism to another.
Therefore this particular resistance phenomenon is found only in a few members of the

genus or species.

In general, bacteria can acquire resistance through two mechanisms. The simplest

mechanism by which bacteria can develop resistance is through gene mutation. The more

9



predominant method is through gene acquisition.’* * Through the former process, a
random mutation in a bacterial gene may, for example, produce structural changes in the
bacterium itself. This change may alter the binding site for the antibiotic or change the
permeability of the bacterial cell wall. > As a result, the antibiotic can no longer pass

into the bacterium or bind to a specific target within and is therefore rendered ineffective.

The P! of resi in M b i is is an example of this

genetic ions have resulted in strains of M. tuberculosis

which are resistant to at least five

due to i jons in the affinity
of antibiotic binding.?® Bacteria containing these random genetic mutations are selected

for in envil in which antibiotic use is

The second i for ing bacterial i involves the

of i genes by bacteria’’ The exogenous genes
presumably originate from bacteria that are intrinsically resistant to antibiotics.™* The
may be between bacteria by plasmids, transposons,

or insertion-sequence mechanisms.”® This exchange of genetic material can occur via

(direct exchange of DNA), ion (genetic

via bacteriophages) or by conjugation of plasmids (cell to cell contact through a sex pilus
for the purposes of exchanging extrachromosomal DNA).'" * Transposons are small
groups of mobile genes that typically travel from one organism and are incorporated into

another organism via the travels of bacteriophages.'® Because of this effective ability to

10



transmit genetic information, including resistance genes, from one bacterial species to
another, a wide variety of bacterial microorganisms can quickly inherit resistance traits

which serve to protect the bacteria from the harmful effects of various antibiotics.

2.1.4 Implications of Resistance in Clinical Practice
Use of antibiotics exerts a selective pressure on the development of resistance

traits in bacteria. Because of this, the overuse of antibiotics has si

to the erosion of the efficacy of antibiotic treatment.?* It has been proposed that because

of this efficacy of anti i we are returning to the pre-antibiotic

era in which some bacterial infections were untreatable.”

Several common giving rise to i i in the ity have

become increasingly resistant to standard therapy.? ® Pathogens such as Streptococcus

infls and hallis, which are common

y are ing i i to iotics.”® This is

clinically important in that the vast majority of antibiotic use in community practice is for
respiratory infections.® ' Given that antibiotic use exerts selective pressure for the
survival of bacteria with resistant traits against the antibiotics that pathogens are exposed
to, it is possible that future bacterial respiratory infections may become difficult to treat.
Pneumococci, for example, are the leading cause of community-acquired infections such

as otitis media, sinusitis, meningitis and ity-acquired ja.!' A recent




study i factors i with i morality from confirmed

St italization® Wh

deaths that had occurred within the first four days of hospitalization were removed from

the analysis. increased mortality was i with penicillin and

in isolates. ™ icillin-resi aureus (MRSA), which

was previously only a factor in nosocomial infections, has been detected in community

infections as well.”>  Therefore resistant i causing ity-acquired
are ing an i il ity public health problem, due to
efficacy of the antibiotics used to previ treat these same infections.

Antibiotic resistance has typically been a much greater problem in hospitals.

Resistance rates are higher among giving rise 10 jal infections, as

) ity-acquired infections.” For example Archibald and colleagues
collected bacterial isolates from both inpatients and outpatients at eight hospitals in the
us>* The investigators tested the isolates for specific combinations of pathogens and
antibiotic resistance and found that resistance was much higher among the samples taken

from inpatients, particularly those admitted to the intensive care unit.**

Bacterial resistance has become an increasing clinical problem in hospitals. A

poignant example is the very serious problem i with i i in

Enterococci species. Enterococci species are the second leading cause of nosocomial
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infections and the third most commonly isolated bacteria in positive blood cultures in the
United States.’® Surveillance studies on enterococcal resistance in hospitals have

revealed that resi: to in has i from 0.4% of isolates in 1989 to

13.6% in 1992 Incidentally some strains of i have i to

all other antibiotics normally used to treat these particular bacteria (i.c. ampicillin and

) and are intrinsically resistant to other antibiotic classes (i.e. penicillins,
cephalosporins and macrolides).”” Therefore enterococcal species, which are now
resistant to vancomycin (VRE), represent a particular strain of bacteria present in
hospitals that are potentially untreatable. VRE were predominantly limited to the ICU,
but spread throughout the rest of hospitals has occurred.”’ The mortality rate associated

with bacteremia caused by VRE may be as high as 50%.%*

Bacterial resistance to antibiotics is a serious clinical problem with potentially
very severe adverse consequences. The nature of bacteria and their ability to adapt to
their environment make the problem of resistance a difficult one to solve. However
prudent use of antibiotics would help to ensure that further development of resistance
would be minimized, thus preserving the armamentarium we presently have against
bacterial pathogens.”’



22 Global Antibiotic Use

2.2.1 Quantification of Use

In 1987, Col and O’Connor published a study which exami ide total
antibiotic use, ining inpatient and i iptions.” Although this study
had several limitations related to the questi quality and quantity of the available

drug utilisation data across various countries and differences in how this data was
collected, nonetheless a striking trend emerged. The investigators discovered that there
were large differences in the pattems of antibiotic use across the various studied
countries. These differences not only were evident in the overall quantity of antibiotic
use, but also in the types of antibiotics that were dispensed. The authors found that
antibiotics comprised between 3% and 25% of all prescriptions in 1983, with the higher
proportions found in Latin America rather than European countries.”” Developed
countries tended to use less antibiotics than developing countries.”’ With regard to
specific patterns of use, some examples of trends include increased use of tetracycline
and amoxicillin in developed countries and higher use of ampicillin in developing
countries.” At the time the study took place (early 1980's), Spain had the highest use of
TMP/SMX, while Japan had the highest use of cephalosporins.®® The United States used
the most erythromycin while Australia had the greatest number of prescriptions for

doxycycline and tetracycline.”®



McManus et al. used data from Intercontinental Medical Statistics (IMS) to
demonstrate how retail sales of oral antibiotics compared across selected developed
countries using Defined Daily Doses (DDDs)/1000 Population/Day.® The World Health
Organization Collaborating Centre for Drug Statistics Methodology defines a DDD as the
assumed average daily dose of a drug for its main indication in adults.*' According to
this data source the ranking of countries, from highest consumption in 1994 was as
follows: France, Australia, United States, Canada, ltaly, United Kingdom and West
Germany.*® The United States sold approximately 24 DDDs/1000/Day while Canada
sold approximately 21 DDDs/1000/Day.* The authors also demonstrated that between
1989 and 1994, all the studied countries except Australia and Canada demonstrated a
growth in antibiotic sales, ranging from 2% in the United States to almost 5% in West

Germany.*

Other studies have been conducted in various countries examining overall

trends, includi ibioti ibed in both inpatient and
outpatient settings, within a specific geographical region. For example, a 1978 study in
the United States reported a steep rise in antibiotic use from 1965 to 1973, but then a
7.5% decline occurred between 1973 and 1977.2  Within the scope of the study’s

timeframe, the highest use of antibiotics occurred in 1973 in which 199.5 million retail

a2

were



One Swedish study, reporting consumption between 1975 and 1987, found that
total antibiotic consumption changed very little over the twelve year period of study in
this country. During this time, the consumed amount varied between 49 and 51 million
DDDs, for a population of approximately 8 million people.® Trends related to specific
antibiotic groups were noted. For example, aminoglycoside use remained constant, while
cephalosporin use had increased between 1982 and 1987.° This increased use was
thought to be due to an increased trend towards using cefaclor for the treatment of otitis
media in children. The authors noted a decreased use of the folate inhibitor group of
drugs such as the sulfonamides and TMP/SMX.® The most commonly used antibiotic in
Sweden during this time was penicillin, aithough national consumption was lower than
that of other Scandinavian countries.*

Birkett and colleagues profiled antibiotic use in Australia between 1987 and
1989.* Market research data was used to compare Australia’s use of antibiotics with that
of Sweden and Norway. The authors found that patterns of use in Australia differed
substantially from the comparison countries. For example, 76% of antibiotics used in
Australia were tetracyclines, broad spectrum penicillins and TMP/SMX. For Sweden and

Norway, the ion of total ibiotic use was 35% and 46%

pectively.* C. icilli ised 6% of antibiotics in Australia, while this

same drug accounted for 45% and 34% of use in Sweden and Norway respectively.*



Overall antibiotic use had increased by 26% in Australia between 1987 and 1989, going

from 36.1 DDDs/1000 population/Day to 45.6 DDDs/1000 population/Day.*

Both England and Scotland i an increase in antibioti ibing in

the early 1990’s. Between 1990 and 1991, antibiotic prescribing increased by 10% in
England rising from 38,212,000 prescriptions to 42,090,000 Similarly Scotland
increased its antibiotic prescribing from 4,685,000 prescriptions in 1992 to 5,226,000
prescriptions in 1993, representing a 12% rise.* For both countries, part of the increase
in prescriptions was attributable to a rise in the use of ampicillin. For England in

particular, there was a 50% increase in the use of quinolones.**

All of the afc i studies only to examine the quantity of

antibiotics that were used for human consumption. Although human use would

presumably represent the greatest ion of antibiotic use, antibacterial drugs are also
used in veterinary medicine and agri and could i ibute to the
problem of bacterial resi The most ive study of antibiotic use was

undertaken in Norway in which consumption of antibiotics in humans as well as domestic
animals and farmed fish was examined between 1992 and 1996.% When all areas of use
were combined, an overall decrease in antibacterial use within the studied timeframe was
discovered. Notably there was a 67% decrease in antibiotic use in domestic animals and

farmed fish for both therapeutic and feed additive purposes. Human consumption during
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this timeframe remained relatively constant, with a minor 0.6% increase in use.* With

regard to specific ot iptions for penicilli i between

54% and 57% of total prescriptions. Substantial declines in the use of quinolones and

tetracyclines were noted, namely 92% and 68% reductions respectively. When all

routes of inistration were i i ial use for human medicine was
responsible for 45% of total use in 1992 and 71% in 1996. Overall 76,955 kilograms of

active were admini in 1992 with 48,792 ki in 1996.%




2.3 Antibiotic Use in Community Practice

The vast majority of antibiotic use in humans is prescribed in community practice.
In Canada, 80.4% of all antibiotic prescriptions are written by general practitioners or
family physicians.”> However, given this substantial rate of antibacterial use, no studies
exist examining their use in the community practice setting, addressing the combined

issues of ification, indications and i for all i ions seen by GP’s.

2.3.1 Quantification of Use
In 1986, Bro and Mabeck published one of the earlier reports of general practice
antibiotic use in five selected counties in Denmark, comparing prescribing patterns in

1979 and 1983.47 In this parti study, participati ici ing for 66% of

total physicians in the selected study areas) were asked to record all antibiotic
prescriptions, and other relevant clinical information in relation to the prescriptions,
written within a five day time span in the month of March in the years 1979 and 1983.

In both study years, penicillin was the most 1}

for 2.1 DDDs/1000 inhabitants/day in 1979 and 2.25 DDDs/1000 inhabitants/day in

19837 The average duration of for all antibiotics, except line, was

approximately seven days.” The authors noted that, over the four year period, a change

in the number of antibiotic treatments had occurred, increasing from 505 to 583

treatments/1000 inhabitants/year due to an increase in the use of broad spectrum
” — I
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In 1989. Fris et al. published a follow-up study to Bro and Mabeck's 1986
Denmark study using the same study methodology.® In this updated report, which
included 60% of all GP's in the study region, the authors found that 44% of all antibiotics
prescribed were for penicillin, 17% were for topical antibiotics, 14% were for ampicillin
and 10% were for erythromycin.** Compared to the 1986 study, an increase in the use of
erythromycin was observed.**

An Australian study published in 1988 also examined antibiotic use in general

practice.” Munro et al. employed a method whereby various medical students collected

ing i ion for 75 ive patients seen by 53 different doctors, resulting

in information obtained for 3980 consultations. The authors found that 15.9% of all

recorded i resulted in an antibiotis iption, with the majority of these
prescribed to children (30%). Amoxicillin was the most commonly prescribed antibiotic
(35.5% of total antibiotic prescriptions), followed by TMP/SMX (18.7%), erythromycin

(9.7%), doxycycline (8.9%) and cephalexin (6.9%).*°

Wyart and an audit of iotit ing in the general

practices of Northern Ireland over a five year period.*® Using administrative databases of
the Central Services Agency, which records the numbers of prescriptions and doses of
each prescription by pharmacists and doctors, the authors were able to study antibiotic

prescribing practices of general practitioners between 1983 and 1987. Over the five years
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of analysis, the authors noted that the number of antimicrobials prescribed remained

fairly constant at il two million iptions per year.*® Seventy per cent

(70%) of antibiotic use was for broad spectrum penicillins such as amoxicillin and

TMP/SMX, icillin V and in. Although the total number of
antibiotic prescriptions remained constant, there were notable changes in the patterns of

types of antibiotics prescribed. For example the investigators determined that within the

study period there was icillin use, but i amoxicillin use. Similarly
with a i increase in the numbers of
and i ipti Therefore this study demonstrated a trend in

the increased use of newer or more broad spectrum antibiotics while older or narrower

spectrum antibiotics became less popular to prescribe.*

McCaig and Hughes studied antibiotic prescribing of office-based physicians in
the United States utilizing the National Ambulatory Medical Care Surveys (NAMCS)
from 1980, 1985, 1989 and 1992 *' The number of antibiotic prescriptions increased
from 86 million in 1980 to 110 million in 1992, although the percent of antibiotics to

total drugs remained fairly constant at approximately 13%. Over the 13 years of data

the most used antibiotic group was the broad spectrum penicillins,

with icillin the most ibed drug overall. C ins were the
second most frequently prescribed group. Like the Wyatt et al. study, McCaig and

Hughes noted an increased trend in the prescribing of expensive or broad spectrum agents
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like amoxicillin and the cephalosporins and a decrease in the prescribing of the cheaper
or narrow spectrum drugs such as penicillin. No changes were noted in prescription

trends for TMP/SMX, macrolides and tetracyclines.*'

A second A lian study on antibioti ibing was i in 1997.9

This investigation focussed on the community use of antibiotics between 1990 and 1995

and captured all g idi: ipti as well as an estimate of

nonsubsidised prescriptions. Over the five year period, the authors noted that the rate of
antibiotic use remained stable at approximately 25 DDDs/1000/day. In 1995, the top five

were

ic acid, cefaclor,

and cephalexin. The authors noticed in their study, as in previously reported studies, that
although the numbers of antibiotics prescribed remained constant, changes in the type of
drugs prescribed were evident in that more broader spectrum and newer agents were

being used.*’

Majeed and Moser studied the age and gender specific prescribing patterns in
general practices of England and Wales, analyzing data from the General Practice
Research Database.? This database allowed the authors to investigate antibiotic

prescribing in 288 general practices with a patient population totalling 2.1 million. It was

that antimicrobials were ibed at a rate of 607 Rxs/1000/year for males

and 852 Rxs/1000/year in females. Use was found to be highest in children less than 5
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years of age and in the elderly over the age of 75 years. Broad spectrum penicillins were
the most commonly prescribed antibiotic for both males and females, representing

40% of total antibioti ipti ides were the second most

group ing 12-13% of total prescriptions. Interestingly, the
authors noted a substantial variation in rates of antibiotic prescription among the practices

monitored, ranging from 333 Rxs/1000/year to 1616 Rxs/1000/year.™

Lindbaek et al.'s 1999 study the national ion of antibiotics in
Norway and the ibing patterns of gian general iti for the
of respiratory tract i i in i with i i patterns of

respiratory tract pathogens.” Similar to Canada, 85% of antibiotics in Norway were
prescribed by GPs. Between 1981 and 1987, the rate of use was approximately 12
DDDs/1000/day. This rate increased to 16 DDDs/1000/day in 1993 and then decreased
to 14 DDDs/1000/day in 1997. The 30% increased rate of use observed between 1987
and 1993 did not correlate with any known changes in disease patterns. In all years
studied, penicillin V was the most commonly used agent representing 27-34% of total
prescriptions. The authors found that macrolide consumption increased only slightly,

even after the introduction of both clari in and azif in.

The only published Canadian study ini ibiotic use ined the

community use of antimicrobials in the province of Manitoba from 1995 to 1997." This

23



study utilised the provincial Drug Programs ion Network, a ical

claims database that captures 90% of prescriptions dispensed in the province. During the
study time period, the total rate of antibiotic use was calculated to be 894 Rxs/1000/year,

with the most commonly used agent being amoxicillin accounting for 36% of all

The next most i ibiotic was TMP/SMX

for 13% of ipti followed by in (12%) and penicillin V
(6%). In a manner similar to previous studies, the authors observed that the total rate of
antibiotic use did not increase during the time period under investigation. However there
were significant changes in how antibiotics were prescribed. For example an increase in

the rate of use was noted for newer or broader spectrum agents such as the

and
doxycycline. At the same time, decreased numbers of prescriptions were dispensed for

older or narrow-spectrum agents such as icillin V, ine and

Even though an intervention was in place to decrease prescriptions for fluoroquinolones,

some ins and ic acid, the use of these restricted agents
increased during the study period.'*

2.3.2 Medical Indications
Respiratory tract infection is the most common diagnostic category giving rise to
physician consultations (source: IMS Health Canada), many of which are treated with

antibiotics. However the role of antibiotic therapy in the management of these infections
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is controversial, particularly when a bacterial etiology for the infection has not been
confirmed. In general practice settings, diagnostic tests to establish bacterial etiologies
for any type of infection may not be readily available and results of such tests often take
several days to be completed. Therefore GPs often prescribe antibiotics to treat what

would only be ive bacterial il i As aresult, an ing of the

range of medical indications for which GP's routinely prescribe antibiotics is important in

the development of interventions to assist in iati "y antimi ial use.

Fris and colleagues' 1989 study investigating the use of antibiotics in general

practices in Denmark found that the most common diagnoses in which antibiotic

for 16% of all antibiotic prescriptions, followed by sinusitis (12%), conjunctivitis (11%),
urinary tract infection (11%) and otitis media (8%).* Therefore treatment of respiratory
tract infections was responsible for 48% of all antibiotics prescribed. Similarly, the 1999
Norwegian study by Lindbaek et al. found that respiratory tract infections constituted

42% of diagnoses leading to antibiotic therapy, with bronchitis accounting for 14% of

colds ing for 8%, ing for 8%, sinusitis giving rise

1o 7% and pneumonia accounting for 5%.%

Other ive studies i igating the medical indications for antibi

therapy have reported far greater ions of antibioti ibed for the of
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