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ABSTRACT

1bc frequent use of antibiotics, and the ensuing i.naease in bacterial resist.ance'.

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

antibiotic p~bing from various perspectives. utilising prescribing information from

several SOwt:C:S including market rescareb databases. a provincial prescription drug plan.

bospiwl'el:ords and patient-specific informationo~ 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 Newfoundland population. at the community practice level

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

John's and MOUDt Pearl. Newfoundland and at the hospital level using chan review.

Examination of national prescribing databases and the Newfoundland provincial

database has demonstrated similar prescribing trends. Amolticillin was the most

commonly used antibiotic. penicillins accounted for the gmttesl proportion of total

antibiotic prescriptions. a decrease in the amount of penicillins used was noted, and an

~ in macrolide use was Stt8 across all three longitudinal databases. The cross­

sectional study of community practi~ in St. John's demonstrated that amoriciUin was

the most frequently used antibiotic. and the proportions of total antibiotic use comprised

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



The Ontario Anti-infe<:tive Guidelines for Community-acquired Infections' was

chosen as the tool for measuring prescription appropriateness in community practice.

When the physicians' diagnoses were assumtd to be correct. 59% of prescriptions were

appropriate. Using a criteria-based de<:ision tree to predict etiology, 88% of rnpiratory

tract infe<:tions were likely to be viral, while the physicians thought that only 44% were

viral. The ~atmcnt recommendations outlined by the Canadian Community Acquired

Pnctunonia Consensus Conference Group2 were used to assess appropriateness of

antibiotic treatment in patients admined to hospital with community acquir'N pnetunonia.

Si:o;:ty five percent of initial antibiotics and 59'"/0 of secondary oral antibiotics were

appropriate. However prescribing guideline adherence was much lower for patients with

less severe community·acquir'N pneumonia

To decrease inappropriate and excessive antibiotic use, it is necessary to fim

detennine the: nanae of antibiotic prescribing. The results from this analysis allow for

specific problematic amlS in a.ntibiotic prescribing to be idC'lltified. From this,

interventions to improve ~ribing behaviours can be implemented.
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CHAPTER 1-INTRODUCf10N

1.1 B.~kvou.d or ShHIy

The development of antibiotics has greatly contributed to the eradicatioo of many

infections which were once untreatable before the advent of antimicrobial agents.

However this pharmacological advancement in clinical medicine has DOt occurred

without consequence. In order to survive environmental pressures and attacks on

viabiliry, bacteria have developed several mechani$lIlS to resist eradication. Most notably

bacteria have the capability to become resistant to antibiotics. SeveraJ lines of evidence

have suggested a causal relationship between antibiotic use and the development of

antibiotic resistance in bacteria.J..IO At present, bacterial infections have emerged in

which the causal organism is resistant to most or all available antibiotics. thus making

some infections untreatable. II. 12 [n response to this very serious public bealth issue, it is

necessary to e~ that antibiotics arc only prescribed for scenarios in which medical

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

problem of resistance may be concrolled by judicious antibiotic prescribing.

In Canada, antibiotics for human conswnption can only be obtained through

prescription by a physician. Therefore these agents can be ~bed 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 aU antibiotics lft prescribed in

community practice settings. IJ It has previously been proposed that many of these

prescriptions are unnet:essary; one of the most common reasons for an antibiotic

prescription by a family doctor is for respiratory trace infections. such as the common

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

being prescribed and consu.med than medically indicated. IMS Health Canada has

determined mae approximately 10-/0 of all prescriptions issued are for antibiotics. This

amounts to 25.4 million antibiotic prescriptions for a population of approximaaely 30

million people. Therefore. on average, about one antibiotic prescription is administered

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

contributed to the: problem of bacterial resiscance.



1.2 Pu!])OK of S!Pdy

The problems sunounding antibiotic use bave been a tOpical issue in recent~ A5

a result. investiga1Ol"S have undenaken stUdies examining bow antibiotics are prescribed

in the \<Uious bealth can: seeton.. Valid drug use data me essential for determining bow

antibiotics are prescribed. Medical practice panems of antibtotic usc utilisina: patient

specific data impart valuable infonnatioo thai can be used for intervention fIlD"PO'CS

focussed on improving the prescribing habits of the: physicians. Fu:rthmnore, because of

the concern for antibiotic ~istanee, antibiotic utilisation data can aid in predicting fi.tturc

dilemmas regarding bacterial resistance that may arise as a direct result of antibiotic usc.

Geographic variations in lbe prescribing of antibiotics exist. ~fore it is

importanl to study locaJ antibiotic prescribing practices in order to specifically determine

potential JRSCTibing problems lhal: may be present in the: defined population of inteTe5t.

This study has obtained valid data in order 10 study the determinants of antibiotic

prescribing in SL John's, Newfoundland examining both prescribing io community

practices. as well as in-hospital antibiotic: prescribing for patients with community­

acquired pneumonia. Specifically, 11 cbatt review study was conducted in geomU

practitiODCTS' offices to investigale antibiotic prescribing for community infectioos. In

addition to this, antibiotic prescribing databases were obtained from the Newfoundland

and Labrador Prescription Drug Program and IMS Health Canada for comparisoo with

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



review study was also conducted to investigace bow antibiotics are prescribed for patients

admitted to hospital with the diagnosis of cornmunity·acquired poeumoaia.

Although quantification studies provide important insigbts into the types of

antimicrobial agents that are regularly used and the indical:ions for which they arc:

prescribed. it is also important to examine the appropriateoess of these prescriptions. It

has been suggested that measures of approprialc:pcss have been avolded because of

difficulties in assigning 3 tangible and quantifiable definition of appropriateness as it

relates to antibiotics. I. Pan of this problem stems from the soun:es of prescribing

information that are available (i.e. administrative databases compared to patient-specific

infonnation obtained through chart review). The cWRDt study has utilised a chan revlcw

process to obtain maximum information so that one may accunuely assign

appropriateness ratings. Fu:rtheTmore SC"YeraJ appropriauness rating tools have been

employed such as the Anti·infective Guidelines for Comnumity.ac:quired infectioDs l as

well as the Canadian clinical practice guidelines for the tre:aaDeot of community acqwm

pnNmOnia. ~ Once appropriateness has been evaluated. specific pre:saibi.ng problems can

be easily identified. With knowl~ of these specific pre:scribing problems. focuued

interventioos to change pn::scribing behaviour can be developed and implemented with

the aim ofdecreasing unnecessary antibiotic usc.



CHAPTER 0 - LITERATURE REVIEW

2.1 Baeterial RcsisullCt

2.1.1 DcrUlitioll of A.tibiotics ..d Medluis...f AdioI.

Antibiotics are defined as compounds, either occurring naturally or produced

synthetically, that can kill bacteria directly (bactericidal). or prevcot the growth and

proliferation of these microorganisms (bacterioswiC).15 It is thought that antibiotics

originated from microorganisms as natural products made to protect these same

microorganisms in their ecosystem.16 For example soil streptomycete intrinsically

produces the antibiotic streptomycin. To swvive. however. the soil strepIomycete had to

be rcsistanl to its own antibiotic that it produced. 11 1beft:foR the phenomenon of

antibiotic resistance 0CCUJ'ftd naturally, loog before antibiotic thenpy became: a routine

pan of dinic:al medicine:. The bacterial resiswK:e genes presumably continued to evolve

as a result of interspecies competition. Retrospective studies bllve dCDKlllSO'alCd that

cenain miCTOOf"glUlisms W'Cfe rcsistmt to particuJar antibiotics. before these antibiotics

were developed for med.icinai purposes. lhus dcmonstt'ating that antibiotic rcsiSlanCC

occurs naturally. II

Antibiotics act on and evenNaily kill bacteria by inhibition of one or mon: of the

following five bacterial cellular events: ceO wall synthesis, cell membnmc function.



protein synlhesis, nucle1(: add synthesis and metaboli(: pathways.. Antibiotia can be

dassificd according to their mcchani.sms of action. Antibiotia whi(:b inhibit <:ell waU

synthesis arc: the ~Lactams. wbkb indude peniciUins. cepbaJosporins. carbapmc:m..s.. aDd

monobactams. Gencr.illy tbe:sc: antibiotic:s oombet t.;teria by aossing the bacterial (:ell

wall and binding to str\I(:tures alled penicillin binding proteins (PBPs). UDder normal

drcWTlSlarKCS, the activity of PBPs involves c:ala1yzing the (:ross-linking of

peptidoglyaan (:haW in the bacterial (:ell wall. Tbe:se cross-links provide the strueturaI

suppa" of the (:ell wall. When the p.lactam drugs bind to the PBPs. the peptidogly(:M

cross-linking is inhibited, thus oompromising the strength and integrity of the bac:lerial

(:ell wall. whj(:h inevitably leads to osmoti(: rupture and (:ell lysis. 19 These antibiotia IR

thereforebaC1eric:idal.

Antibiotict wtU(:b disrupt protein synthesis inl:hJde the tetraeydiDes.

aminogJywsides. macrolides, chlonunpbeniool. clindamyciD and spectinomycin. The

teU1lCyciincs act by binding to the: 30S subulit of the: becterial nDosome. This binding

inhibits blK:tcriaI protein synlhcsis by preventing the amiDe ac:y1-tRNA from forming a

complex with the mRNA·nbosome. The aminoglyc:osides and spc:ctinomyciD also bind

to the 30S ribosomal subwtit and block protein synthesis or cause the ribosome to

misread the gcneti(: code. Macrolides and c1indamycin bind 10 the SOS ribosomal

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



also binds to the: 50s subunit. but prcVenI$ proteiD S)"Dthesis by inhibiting the peptidyl

transferase reaction."

The anti-bacterial action of the quinolone groups of antibiotics is facilitated

through the: inhibition of DNA replication. This is accomplisbcd by interfmng ...,;th the

IICtivity of the DNA gyrasc: enzyme called topoisomerase D. 1bis enzyme is responsibk

for unwinding the bacterial DNA in preparation for replication. The quinolones

inactivate the DNA gyrase enzymes. thereby preventing DNA replication.I'

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

sulfonamides. nus is accomplished by either inhibiting folate synthesis or preventing

folate reduction. The active fonn of folate is required by bacteria to aid in absorption of

folic acid. Many of the sulfonamides. which are similar in structure to p-aminoben2oic

acid (PABA) (a substnd.e required to synthesize: fo1alc). compdc with PABA for the

activity ofthc enzyme dihydropleroate synthetase., thus preventing the synthesis of folale.

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

reduced by the enzyme dihydrofolate reductase. Trimetboprim is a potent inhibitor of

this specific enzyme.I'



2.1.2 Mec:h.aisDII of ADtibiotic Resistaace

Bacteria have the ability to overcome the eradicating effects of antibiotics in a

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

antibiotics is manifested. These combative resistance mechanisms include production of

antibiotic inactivating enzymes, changes in cell wall penneability and altered structural

targets.2G-ll

The first method of bacterial resistance is through enzymatic degradation of the

antibiotic. For example some bacteria produce ll-Iactamases which function 10 cleave the

~.Iaetam ring. Antibiotics which act through the destructive mechanisms of ll-lactam. are

rendered ineffective in the presence of ll_laetamases.21 However some 13·lactam

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

lactamase (ex. methicillin. oxacillin, cloxacillin. dicloxacillin).20

A second mechanism of resistance involves changes in the bac1erial cell wall

permeability. For example, some ~teria have developed cell membrane permeability

resistance through the production of efflux pwnps. Efflux pumps function to actively

extrude antibiotics from the bacterial cell immediately after the antibiotic has entcmJ.

lberefore 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 tetnw;:yclines, macrolides and quinolooes.22



A third mechanism of resistance involves altered sttuetural targets tba1 antibiotics

bind to. For examplc the p.lactam antibiotics require bindiD& to POPs for the KtioD of

the antibiotic to OCC\D'. Some organisms have devcloped resistance to l>1actams by

altering the 5t/'UCtlJI'e of thc:sc: POPs. tbc:refore prevcnti.ng the binding of p..lacums. ODe

examplc of this phenomenon is the~ of methicillin resistant SuzphylococCKJ

awt'KS (MRSA). This miaoorganism produces PDP2&. whicb is a suucnaaJly altcml

fonn of PDP. encoded for by the MecA gene. Consequently P-Iaetam5 cannot

successfully bind 10 it and disrupt peptidoglycan cross-linkiDg.ll

2.1.3 Traa.miuio. of Aatibiotic Raisa.a

11Jc resistance of bacteria to an antibiotic can ~i1hCT be intrinsic or acquimi.

rntrinsic resistance is common to and expressed by all members of the genus or species.

This type of resistance involves a naruraJ characteristic that t.c1cria may posses by the

nature of their morphology (ex. gram-negative bacteria resistam to vancomycin) or by

inductive C'X'pfaSion of a Ialent chromosomal. gene. 19 Acquired resistance is • result of

the cransfer of resistance de1mninants or genes from ODe rnicroorpnism to another.

l'b:rero~ this particular rc:sistancc pbenomcnoo is found ooJy in a few members of the

genus or species.

In geoera.l. bacteria can acquire resistance through two mechanisms. The simplest

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



predominant method is through gene acquisition.2" ~ Through the former process., a

random mutarioo in a bacterial gene may. for example. produce strue:turaI. changes in the

bacterium itself. This change may alter the binding site for the antibiotic: or change the

permeability of the bacterial cell walLn.21 As a result, the antibiobc: can no longer- pass

into the bac:teriwn or bind to a specific target within and is therefore rendeRld ineffective.

The development of resistance in Mycobacterium fllbunJosis is an example of this

phenomenon. Sequential genetic mutations have resulted in strains of M lUMrcuJosu

which are resistant to at least five antibiotics due to mutational alterations in the affinity

of antibiotic binding.26 Bacteria containing these random genetic mutations are selected

for in environments in wttich antibiotic use is substantial.

The second mechanism fOf" developing bacterial resistaoee involves the

acquisition of hctttelogous resistance genes by blIcteria.21 The exogenous genes

presumably originate from bacteria thai are intrinsi<:aJly resiSWlt to antibiotics.2• 1be

exogenous determinants may be ttansferred between bacteria by plasmids. transposons..

or inscrtiOl1-"sequencc: mecharUmu..2J 1bis exchange. of genetic material caD occur via

transformation (dirc:ct exchange of chromosomal DNA). transduction (genetic: exchange

via bacteriophages) or by conjugation ofplasmids {cell to cell conUK:t through a sex pilus

for the purposes of exchanging extrachromosomal DNA).19. 21 Tl'VlSp05OnS are smaJl

groups of mobile genes that typically travel from ODe organism and are incorporated into

another organism via the IJ"avels of becteriopbages." Because of this effective ability to
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transmit genetic infonnation. including resistaDCe gmes. from ODe bacterial species to

another. a wide variety of bacterial miCl"OOrganisms can quickly inherit resistaDcc traits

which set"i'e to protect the bacteria from the harmful effects of various antibiotics.

2.1.4Iaplic:lltiou or RaisulKt ia Cldiieal Pncdce

Use of antibiotics exerts a selectivep~ on the deveLopment of resistance

traits in bacteria. Because of this. the overuse of antibiotics has significantly contributed

10 the erosion of the efficacy of antibiotic tre8tmenLH It has been proposed that because

of this decreased efficacy of antibacterial treannent, we arc returning to the pre-.antibiotic

era in which some bacterial infections were untreatable.29

Several common pathogens giving rise to infections in the commwtity have

become increasingly resistant to SWJdard therapy.Z'. 19 Pathogens such as StrflplOCOCnlS

pMllnJ(Hfioe. Hrxmophilw injlw'fZM aNi MOf'ta~//Q cQ1arhaJlis, which arc common

respinuory palhogcns. are demonstrating iDcrased res:istaoee to antibiotics.Z' This is

clinically important in that the vast majority of antibiotic use in community practioe is for

respinuory infections.JO
• JI Given that antibiotic use exerts sekctive~ for the

SW'Vival of bacteria w;th resistant traits against the antibiotics thal pathogens are exposed

to. it is possible that future bacterial respiratory infections may become d,ifficuh to treat.

PnewnOC()CCi. for example, are the leading cause of community-acquired infections such

as otitis media, sinusitis. meningitis and community-acquired pneumonia. II A recent
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srudy examined facton assoc1aled "''ith increased mortality from confirmed

pneumoc:occaI. pneumonia (community.acquired) R:quiring bospitali23tioo.12 When

deaths that bad occ:urred within the: first four days of hospitaliurioo wen: ~ved fiom

the analysis. iDcreased monality was associaled with penicillin and cefOlaXlme resistance

in pneumoc:occaI. isolates.12 Methicillin-resistant StaplryiOCtKnlS aavew- (MRSA)., wbi<:h

was previously only • fac10r in nosocomial infections, has been detcctc:d in community

infections as wt:1I.u Therefore resistant organisms causing community-acquircd

infections are becoming an increasing community public health problem. due to

decreased efficacy ofme antibiotics used to previously treat these same infeetil>os.

Antibiotic resistance has typically been a much greal:Cf problem in hospitals.

Resistance rates an: higher among pathogens giving rise to nosocomial infcctioos. as

compared to community.-:quired infections.2S For example Archibald and colleagues

collected bacterial isolates from both inpatients and outpatients al eight hospitals in the

US.}oI The invcstipon tested the isolates for specific combinations of pubogcns and

antibiotic resislancc: and found thai l"CSistaoee was much higher amoug the samples taken

from inpatients. particularly those admitted to the intensive c:are unit.}oI

Bacterial resistanoe has become an incrQsing clinical problem in hospitals. A

poignant example is the very serious problem a.ssociated with escalating resistaDCe in

Enterococci species. Enterococci species are the socoDd leading cause of nosocomial

12



infections and the third most commonJy isolated bacteria in positive blood cultures in the

United States.lS Surveillance studies on enteroeoeeal resistance in hospitals have

revealed that resi~ to vancomycin has increased from 0.4% of isolatcs in 1989 to

13.6% in 1992.16 Incidentally some strains of enterococci have developed resistaDCe to

all other antibiotics normally used to treaI these particular bacteria (i.e. ampicillin and

aminoglycosidcs) and an: intrinsically resistant to other antibiotic classes (i.e. penicillins.

cephalosporins and macrolides).l1 Therefore enteroc::occal species, which an:: DOW

resistant to vancomycin (VRE), represent a particwar 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 occum::d.17 The mortality rate associated

with bacteremia caused by VRE may be as high as 50%.3'

Bacterial resistance to antibiotics is a serious clinical problc:m with polcntially

very severe adverse conscqucncc::s. The: nature of bacteria and their ability to adapt to

their environment make the problem of resislance a difficult OBC to solve. HO~CT

prudent usc of antibiotics would help 10 cn.sure !hat further development of resistaDCe

would be minimized, thus preserving the armamentarium we presently have against

bacterial pathoycns.17
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2.2 Global Aatibiotk UN

2.2.1 Qa_tUk.1iHI of UN

In 1987. Col and O'Connor published a study which examined worldwide total

antibiotic use. combining inpatient and outpatient prescriptions.}9 Allbaugh lhis study

had several limitations related to !he questionable quality and quantity of !he available

drug utilisation data across various countries and differences in how this data was

collectc:d, nonetheless a striking trend emerged. The investigason discovered that lhen:

~ large diffettnee5 in the panems of antibiotic use across the various studied

countries. These differences not only were evide:nt in the overall quantity of antibiotic

use. but also in the typeS of antibiotics that were dispensed. The authon folIDd tba1

antibiotics comprised berween 3% and 25% of all prescriptions in 1983. with the higher

proportions found in Latin America rather than European cowlO;es.19 Developed

counaics tended to usc less antibiotics than developing couna'ies.J9 With regard to

specific panerns of usc. some examples of trends include incrca5cd usc of te1lacydine

and amox.icilliD in developed COWlrrics and higher usc of ampicillin in developing

countries.J9 At the time the study look place (early 1980's), Spain bad the higbest use of

TMPISMX. while Japan had the highest use of ccphaJosporins.)9 The United States used

the most erythromycin while Australia had the greatest number of prescriptions for

doxycycline and tetraeyclioe.J9
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McManus e1 al. used data from lntcn:ontiMntaJ Medical Statistics (lMS) to

demonstrale how retail sales of ot'ilJ antibiotics comparal. across selected developed

countries using Defined Daily Doses (DDDsYIOOO PopuIatiOlllDay.~ The World Health

Organization Collaborating Centre for Drug Statistics Methodology defines a DDD as the

asswned avcnlg~ daily dose of a drug for its IIIain indication in adults..41 Aa:ording to

this data source the ranking of countries. from highest consumption iD 1994 was as

follows: Ff'8tICe, Australia, United StaleS, Canada, Italy, United Kingdom and West

G~nnany.~ The United States sold approximately 24 DDDsl10001Day wh.il~ Canada

sold approximately 21 DDDslIOOOlDay."O The authors abo demonstrated that between

1989 and 1994. ail the studied countries ~xcept Australia and Canada demonstrated a

growth in antibiotic sales.. ranging from 2"10 in the United Slates to almost 5'1, in West

Gcmt.any."O

Other studies have been conducted in various countries examining ovenJ.1

antibiotic utilisatioa trends. including antibiotics prescribed in both inpatient and

outpatient settings., within a specific geographical region. For ~xample. a 1978 study iD

the United Stales reponed a steep rise in antibiotic USC from 1965 to 1973. but then a

7.5% decline occurTed between 1973 and 1977.42 Within the scope of the study's

timeframc. the highest usc of antibiotics occUlTed iD 1973 in which 199.5 million mail

antibiotic prescriptions wen: documented.42
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One Swedish study. reporting consumption between 1975 and 1987. found that

toW antibiotic consumption changed very little over the twelve yeN period of study in

this cowury. During this time. the consumed amoum varied betwc:m 49 and 51 miUioo

ODDs. for a population of approximately 8 millioa pcople.o Treods related to specific

antibiotic groups were noted. For example. aminogJycoside use remained constant. while

cephalosporin use had increased between 1982 aDd 1987.43 nus increased use was

thought to be due to an incn:ased trend towards using cefaclor for the treatmenl of otitis

media in children. lbe aUlhors noc.ed a decreased use of the folate inhibitor group of

drugs such as !he sulfonantides and TMPISMX.43 The mosc commonly uscd: antibioti<: in

Sweden during this time was penicillin. although t*ionaI consumption was lower IhaD

thai. ofother" Scandinavian counme:s.·J

Birkett and collc:aguc:s profiled antibiotic use in AUSO'aIia betwc:m 1987 and

1989." Martel research data was used to compve AUSInlia's use of antibiotics with that

of Sweden and Norway. lbe authors fouod thai JMflemS of use in AusInI1ia ditfen::d

substantially ftom the compari5OQ COW1me:s. For example. 76% of antibiOlics used in

Au:stralia were tnracycline:s. broad specttum: penicillin:s aDd TMPISMX. FOI" Sweden and

Norway, the comparable proportion of tot.aI. antibiori<: use was )5% and 46%

respectively." Conversely penicillin comprised 6% ofantibiotic:s in AustnlIia. while this

same drug acxounted for 45,.... and 34% of use in Sweden and Norway respcctiwly."
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Overall antibiotic usc: had increased by 26-;. in Australia between 1987 and 1989, going

from 36.1 ODDs/lOoo populationlDay to 45.6 OODs/IOOO populationlOay.44

&th England and Scotland experienced an increase: in antibiotic prescribing in

the early 1990's. BetWeen \990 and 1991, antibiotic prescribing increased by 1001. in

England rising from 38.212,000 prescriptions to 42,090,000.•5 Similarly Scotland

increased its antibiotic prescribing from 4,685,000 prescriptions in 1992 10 5,226,000

prescriptions in 1993. represcnting a 12% rise. t5 For both counaies, part of me increase

in prescriptions was attributable to a rise in the usc: of ampicillin. For England in

particular. lberc was a 51>-1. increase in the use of quiDoloncs.t5

All of the aforementioned studies only ancmpted to examine the quantity of

antibiotics that were used for human conswnption. Although human use wouJd

presumably represent the greatest proportion of antibiotic use, antibacterial drugs are also

used in vetcrinar'y medicine and agricuJture and couJd potentially contribute 10 the

problem of bacterial resistance. lbc most comprehensive study of antibiotic use was

undertaken in Norway in which consumption of antibiotics in bwnans as well as domestic

animals and fanned 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

discovct'Cd. Notably there was a 67"/0 decrease in antibiotic usc in domestic animals and

farmed fish for both therapeutic and feed additive purposes. Human consumption durin8
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this timeframe n::mainc:d relatively constant. with • minor 0.6% increase in use.... With

regard to specific anbbiotics prescribed. prescriptions for penic:iUins constituted between

54% and 57% of total prescriptions. Substantial dcdiDcs in the use of quiooloncs aDd

tetracyclines were noted. namely 92-;. and 68% raJuetions respectively." When all

routes of administration were considered, antibacterial use for human medicine was

responsible for 45"10 of total use in 1992 and 71 % in 1996. Overall 76.955 kilograms of

active substance were administered in 1992 comp8lM with 48.792 kilograms in 1996....
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2.3 A.tibiolic UI! i. CO•••,ity Pndig

The vast majority of antibiotic use in humans is prescribed in community practice.

In Canada. 80.4% of all antibiotic ~ptiODS aR: written by general practitioners 01'"

family pbysicians. 1J However. given this substantial nile of aotibacteria1 use, no studies

exist C'X3Itlin.ing their use in the community practioe scttinBo addressing the combined

ilSue5 ofquantification. indications and appropriateness fOl'" aU infections seen by GP's.

2.3.1 Quaatirlc:ario. of UR

tn 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

1919 and 1983.·' In this particular study. participaling physicians (accounting for 66% of

tow physicians in the selected study ~) ~ asked to ~rd all antibiotic

prescriptions. and other relevanl clinical information in ~lation to the prescriptions.

wrinen within a five day time span in the month ofMarcb in the years 1979 and 1913.

In both study years. penicillin was the most commonly prescribed antibiotic. accow:ltina

for 2.1 DDOsfIOOO inhabitanlSlday in 1979 and 2.2S DDDs/lOoo inJl,ab;tanbiday in

1983." The average duration of treaanenl for all antibiotics, excepc tettaeyCline, was

approximately seven days." The authors lIOIed that, over the foW" year period. a change

in the nwnber of antibiotic treaunents had OC(:um:d., increasing from 505 to S83

treatmenlsllOOO inhabiwllslycar due to an increase: in the use of tno.d specO"UlD

peniciUins., erythromycin and sulfonamides!'
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In 1989. Fris et at published a follow-up study to 8m aDd Mabcck's 1986

Ocnmatt study using the same study mcthodology.48 In this updated rqJOrt, which

iochJded 60% of all GP's in the study region, the authors fOUDd that 44% of aU antibiotics

jmSCribed wen: for penicillin. 17% were for topical antibiotics,. 14% were for ampicillin

and 10% were for erythromycin.48 Compared 10 the 1986 study, an increase in the use of

erythromycin was observed.48

An AUSb'31ilUl study published in 1988 a1so examined antibiotic use in gencnl

practice.'" Munro et aI. employed a method whereby various medical stUdents collected

prescribing infonnation for 75 consecutive patients seen by 53 different doctors. resulting

in infonnation obtained for 3980 consuUations. The: authors found that 15.9% of all

fea)rded consultations resulted in an antibiotic prescription. with the majority of these

prescribed to children (30-/1). Amoxicillin was the most commonly prescribed antibiotic

(35.5-;, of IOta! antibiotic prescriptiOl1S), followed by TMPISMX (18.7"/1), erythromycin

(9.7%), doxycycline (8.9%) aDd cephaJexin (6.9%).<&9

Wyatt and colleagues undertook lUI audit of antibiotic prescribing in the geocnal

practices ofNonbem Ireland over a five year period.50 Using adminiSlJ'lUive daIabascs of

the CentRl Servlces Agency. which records the Dumber's of prescriptions and doses of

each prescription by pharmacists and dOdors. the authors were able 10 stlIdy lUItibiotic

prescribing practices of general practitioners between 1983 and 1987. Over the five yean
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of analysis. the authon noted tbal the number of antimicrobials prescribed remained

fairly COllSWlt at approximately two million pn::scriptions per year. 5O Seventy per cent

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

ampicillin, 'ThtP1SMX. penicillin V and erythromycin. Althougb the total number of

antibiotic prescriptions remained constant, there wen: notable changes in the patternS of

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

study period~ was dc:creased ampicillin use.. but increased amoxicillin usc. Similarly

letracycline prescriplions docreased with a concomitant increase in the numbers of

minocyclinc and doxycycline ~ptiOftS. Tbc:refCft this study demonstrated a trend in

the inc:teased use of newer Of more broad spectNm antibiotics while older or narrower

spectrUm antibiotics became: less popular to prescribe.5O

McCaig and Hughes studied antibiotic prescribing of office-based physicians in

the United Slates utilizing the National Ambulatory Medical CaR Sun'eys (NAMCS)

from 1980. 1985, 1989 and 1992 Sl The number of antibiotic prescriptions i.ncn:ased

from 86 million in 1980 to 110 million in 1992. although !he perceot of antibiotics to

tota.I drugs remained fairly COnstaDl at approximately 13%. Over the 13 yean: of data

collection. the moSl: commonly used antibiotic group was the: broad spoctnD'D penicillins,

with amoxiciJIin the most frequently prescribed drug overa.ll. CepbaIosporins were the

second most frequently prescribed group. Like the Wyatt et aI. study, McCaig and

Hughes noled an increased trend in the prescribing ofexpemive Of broad spcr:trum agents
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like arnoxicillin and the cephalosporins and a decrease in the prescribing of the cheaper

or narrow spectrum drugs such as penicillin. No changes wen: noted in prescription

trends for TMPISMX. macrolides and tetracyclines.51

A second Australian study on antibiotic prescribing was published in 1997.40

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

and captured all government subsidised prescriptions as well as an estimate of

nonsubsidised prescriptions. Over the five year period, the authors noted that the rate of

antibiotic use remained stable al approximately 25 DDDslIOOOIday. In 1995. the lop five

dispensed antibiotics were amoxicillin., amoxicillinldavulanic acid, cefaclOl". doxycycline

and co:phalexin. lbe authors noticed in their study, as in pl"Cviously fCpOrted studies. that

although the numbers of antibiotics prescribed remained COnsIaDt. changes in the type of

drugs prescribed were evident in thaI more broader spectrum and newer agents wen:

being used.oWl

Majeed and Moser studied the age and gender specific prescribing patterns in

general practices of England and Wales. analyzing data from the: General Practice:

Rcscan:h Database.52 This database allowed. the authors to investigate antibiotic

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

detennined that antimicrobials were prescribed at a rate of 607 Rxs/IOOOlyear for males

and 852 Rxs/lOOO1year in femalcs. Use was found to be higbcsC in children less than 5
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years of age and in the elderly over the age of 75 yean. Broad spectrum penicillins were

the rnost commonly prescribed antibiotic for both males and females.. representing

approximat.ely 40"10 of tocal antibiotic prescriptions. Macrolides were the second most

frequently prescribed group representing 12·13% oftocal prescriptions. Interestingly, the

authors noted a substantial variation in rates of antibiotic prescription among the practices

monitored, ranging from 333 RxsIIQOO/year to 1616 RxsIlOOOlyear.S2

Lindbaek et at's 1999 study correlated the national consumption of antibiotics in

Norway and the prescribing panems of Norwegian general practitiOneTS for the treatment

of respiratory tract infections in particular with community resistao<:e panerns of

respiratory tract pathogens.Sl Similar to Canada, 85% of antibiotics in Norway were

prescribed by GPs. Between 1981 and 1987, the rate of use was approximately 12

DDDs/lOOO/day. This rate increased to 16 DDDslIOOO/day in 1993 and then decreased

to 14 DDDsl1000Jday in 1997. The 3Ct-1e increased rate of usc observed between 1987

and 1993 did not colTelate with any known changes in disease patterns. In all yean

studied. penicillin V was the most commonly used agent representing 27·34% of lotal

prescriptions. The authors found that macrolide consumption increased only slightly,

even after the introduction of both c1arithromycin and azithromycin.n

The only published Canadian study examining antibiotic use examined the

community use of antimicrobials in the province of Manitoba from 1995 to 1997.14 This
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study utilised the provincial Drug Programs lnfonnation Network., a pbannaceutjcaJ

claims database tha! caprures 90% of prescriptions dispeNed in the province. During the

study rime period, the total rate of antibiotic use was calculated to be 894 RxsfIOOOlyear,

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

antibiotic prescriptions. The oat most fn:quefnJy prescribed antibiotic was TMPISMX

accounting for 13'1. of prescriptions followed by erythromyciD (12%) aDd penicillin V

(6'1.). In a manner similar to previous studies, the authon observed lhat the total rate of

antibiotic usc did not increase during the time period under investigation. However tbcTc

were significant change$: in how antibiotics were prescribed. For example an iJK:rcase in

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

fluoroquinolones. cephalosporins, c1arithromycin, azithromycin. minocyclioe and

doxycycline. At the same time, dec~ number's of prescriptions were dispensed for

older or narrow·spectrum agents such as penicillin V, tetracycline and erythromycin.

Even though aD intervention was in place to dcc:reue prescriptions for fluoroquinolooes.

some cephaJosporins and arnoxicilliniclavularUc acid. the use of these restricted ageots

increased during the study period.I'

2..1.2 Medical hadic8tiou

Respiratory tract infection is the most common diagnostic category giviDg rise: to

physician consuJtations ($Oun:e: lMS Health Canada), many of which arc treated with

antibiotics. HowevCT the role of mtibiotic therapy in the management of these infections
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is coDtroversial. particularly when a bacterial etiolozy for the infection has DOt been

confumed. In general practice settings. diagnostic tests to cstabtisb bacterial etio'ogies

for any type of infection may DOt be readily available and results ofsuch tests often lake

severa.l days to be completed. Therefore GPs often prescribe antibiotics to uear. wba1

would only be presumptive bacterial infectious. A$. result. an understanding of the

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

the development of interVentions to assist in alleviating unoecessary antimicrobial use.

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

practices in Denmark found that the most COlDJDOll diaposes in which antibiotic

tteatment was administered were tonsillitis and bronchitis/pneumonia. each accoUlninZ

for 16% of all antibiotic pn:scriptiODS. followed by sinusitis (12Y,>' conjuoctivitis (11%),

urinary tract infection (II",) and otitis media (8%)." Therefore treatment ofrespiralOl')'

tract infections was responsible for 48% of all antibiotics rn:seribed. Similarly, the 1999

Norwegian study by Lindt-d:. ct al. found dud: rapirawry Q'Kt infections coo.stitutcd

42% of diagoosc::s leading 10 antibiOli<: therapy, with bronchitis ac:couDting for 1"% of

prescriptions, colds accounting for 8%, tonsillitis accounting for BY.. sinusitis givins rise

to 7% and poew:nonia accounting for 5%.fl

Other comprehensive studies investigating the medical indications for antibiotic

therapy have reponed far greater proportions of antibiotics prescribed for the treatment of
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