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INTRODUCTION: β-lactam antimicrobials are the most commonly 
prescribed group of antimicrobials in Canada, and are categorized by 
the WHO as critically and highly important antimicrobials for human 
medicine. Because antimicrobial use is commonly associated with the 
development of antimicrobial resistance, monitoring the volume and 
patterns of use of these agents is highly important. 
OBJECTIVE: To assess the use of penicillin and cephalosporin antimi-
crobials within Canadian provinces over the 1995 to 2010 time frame 
according to two metrics: prescriptions per 1000 inhabitant-days and 
the average defined daily doses dispensed per prescription.
METHODS: Antimicrobial prescribing data were acquired from the 
Canadian Integrated Program for Antimicrobial Resistance 
Surveillance and the Canadian Committee for Antimicrobial 
Resistance, and population data were obtained from Statistics Canada. 
The two measures developed were used to produce linear mixed mod-
els to assess differences among provinces and over time for the broad-
spectrum penicillin and cephalosporin groups, while accounting for 
repeated measurements at the provincial level.
RESULTS: Significant differences among provinces were found, as 
well as significant changes in use over time. A >28% reduction in 
broad-spectrum penicillin prescribing occurred in each province from 
1995 to 2010, and a >18% reduction in cephalosporin prescribing 
occurred in all provinces from 1995 to 2010, with the exception of 
Manitoba, where cephalosporin prescribing increased by 18%.
DISCUSSION: Significant reductions in the use of these important 
drugs were observed across Canada from 1995 to 2010. Newfoundland 
and Labrador and Quebec emerged as divergent from the remaining 
provinces, with high and low use, respectively.
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La surveillance longitudinale de l’utilisation de 
β-lactamines en consultations externes au Canada 
de 1995 à 2010

INTRODUCTION : Les β-lactamines représentent le groupe 
d’antimicrobiens le plus prescrit au Canada et, d’après l’OMS, elles 
revêtent une importance capitale en médecine humaine. Puisque 
l’utilisation d’antimicrobiens s’associe souvent au développement 
d’une résistance antimicrobienne, il est essentiel de surveiller le 
volume et les modes d’utilisation de ces agents.
OBJECTIF : Évaluer l’utilisation de pénicilline et de céphalosporines 
au sein des provinces canadiennes entre 1995 et 2010 selon deux 
mesures : les prescriptions par 1 000 habitants-jours et les doses théra-
peutiques quotidiennes moyennes dispensées par prescription.
MÉTHODOLOGIE : Les chercheurs ont extrait les données sur la 
prescription d’antimicrobiens du Programme intégré canadien de sur-
veillance de la résistance aux antimicrobiens et du Comité canadien 
sur la résistance aux antibiotiques, et les données en population de 
Statistique Canada. À l’aide des deux mesures élaborées, ils ont 
produit des modèles linéaires mixtes pour évaluer les différences entre 
les provinces et dans le temps dans les groupes de pénicilline à large 
spectre et de céphalosporines, tout en tenant compte des mesures répé-
tées sur la scène provinciale.
RÉSULTATS : Les chercheurs ont constaté des différences significa-
tives entre les provinces, ainsi que des changements importants 
d’utilisation dans le temps. Les prescriptions de pénicilline à large 
spectre ont diminué de plus de 28 % dans chaque province entre 1995 
et 2010, et celles de céphalosporines ont reculé de plus de 18 % dans 
toutes les provinces entre 1995 et 2010, à l’exception du Manitoba, où 
les prescriptions de céphalosporines ont augmenté de 18 %.
ExPOSÉ : Les chercheurs ont observé d’importantes réductions dans 
l’utilisation de ces médicaments au Canada entre 1995 et 2010. Terre-
Neuve-et-Labrador et le Québec divergeaient des autres provinces, 
avec un usage élevé et faible, respectivement.
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It is known that antimicrobial use in Canada varies according to 
province and antimicrobial class (1,2). However, to the best of our 

knowledge, provincial patterns of use at the class or individual drug 
level have not been critically analyzed in the literature to date. 
Therefore, the objective of the present study was to detail trends in 
class and drug level use of the major classes of β-lactam antimicrobial 
agents, the penicillins and cephalosporins, in Canada over a 15-year 
time period. A secondary objective was to compare the use of these 
classes in 2010 with use rates reported by European Union (EU) coun-
tries through the European Surveillance of Antimicrobial Resistance 
Network (ESAC-Net) (3-5). Trends were assessed using two measures 

of antimicrobial consumption: prescriptions per 1000 inhabitant-days 
(PrID), which is a population- and time-adjusted measure of the vol-
ume of prescriptions acquired by the outpatient population, and the 
average defined daily doses (DDDs) dispensed per prescription, which 
is a measure of the volume of active ingredient dispensed per prescrip-
tion, reflecting the strength of the dispensed product and the length of 
therapy. 

METHODS
Antimicrobial prescribing and extended unit data for all individual 
penicillin and cephalosporin antimicrobials dispensed in Canadian 
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provinces from 2000 to 2010 were collected by IMS Health Canada, 
and acquired from the Public Health Agency of Canada’s Canadian 
Integrated Program for Antimicrobial Resistance (6). In addition, 
supplemental data for the total amount of broad-spectrum penicillin 
and cephalosporin prescribing were acquired from the Canadian 
Committee on Antimicrobial Resistance, which was active until 2009 
(7). The four agents included within the broad-spectrum penicillin 
grouping were amoxicillin, amoxicillin with clavulanic acid, carbeni-
cillin and pivampicillin. These supplemental data spanned from 1995 
to 1999. The Canadian CompuScript dataset is developed by accessing 
all marketed outpatient drug data dispensed via prescriptions by 
5900 geographically representative retail pharmacies across Canada, 
with provincial-level coverage ranging from 51% to 88%. Geospatial 
extrapolation is used to infer use across all 8800 pharmacies (current to 
May 2013). The extrapolation stratifies according to pharmacy size, 
type and province (8). This methodology nullifies any variance in 
store coverage over time and across geography. All data were reported 
monthly according to province for all new and refilled prescriptions. 
The Canadian CompuScript dataset included individual drug-level 
prescription count information, but also included manufacturer name, 
extended units prescribed (total number of tablets, capsules, millilitres, 
etc), drug strength, volume of active ingredient and patient acquisi-
tion cost. Data from Newfoundland and Labrador and Prince Edward 
Island were combined for the years 1999 to 2004. In 2005 and subse-
quent years, data from these provinces were provided individually. 
Population values were acquired from Statistics Canada (9). Where 
necessary, prescribing data were merged and, together with population 
data, were used to produce PrID, DDD per prescription and DDDs per 
1000 inhabitant-days (DID) measures.

Linear mixed models were built in a forward stepwise fashion to 
describe provincial differences in broad-spectrum penicillin and ceph-
alosporin group prescribing and average DDDs per prescription over 
time. Province, year, and appropriate quadratic and interaction terms 
were assessed as predictors for use at P<0.05 and assessed for con-
founding effects using a 25% change cut-off in any significant coeffi-
cient. Quadratic terms for year were assessed at P<0.05 where visually 
appropriate to model a curvilinear relationship between time and the 
outcome, as well as interaction terms between province and year, and 
province with the quadratic term for year. Repeated measures were 
accounted for by assigning a first-order autoregressive correlation struc-
ture, and the natural logarithm transformation was applied to the out-
come variable to meet the assumption of homoscedasticity where 
required. Normality was assessed and met, and residual analyses per-
formed to highlight outlying observations. Data for any outlying obser-
vations were assessed to assure that recording errors were not present; 
however, models were built using all observations to limit any potential 
bias.

European antimicrobial use data from 2009 were acquired from 
ESAC-Net, and rankings performed such that country with lowest use 
was assigned a rank of 1. Comparisons were made using three measure-
ments: DIDs, PrIDs and DDDs per prescription. All calculations and 
analyses were performed using SAS 9.3 (SAS Institute Inc, USA) for 
Windows (Microsoft Corporation, USA) and graphs were produced in 
Excel (Microsoft Corporation, USA).

RESULTS
Nineteen β-lactam antimicrobials were used in outpatient antimicrob-
ial therapy by Canadian prescribers between 1995 and 2010. Twelve 
belonged to the penicillin class (amoxicillin, amoxicillin with clavu-
lanic acid, ampicillin, bacampicillin, cloxacillin, dicloxacillin, fluclox-
acillin, oxacillin, penicillin G, penicillin V, pivampicillin and 
pivmecillinam) and seven to the cephalosporin class (cefaclor, cefa-
droxil, cefixime, cefprozil, cefuroxime axetil, cephalexin and cephra-
dine). Eight antimicrobials represented 91% to >98% of total β-lactam 
use over the study time frame: amoxicillin, amoxicillin with clavulanic 
acid, cefixime, cefprozil, cefuroxime axetil, cephalexin, cloxacillin and 
penicillin V. 

Broad-spectrum penicillin models
The pattern of broad-spectrum penicillin prescribing were similar 
among many of the provinces over time, with a decline occurring 
from 1995 to 2004, followed by a plateau or slight increase by 2010 
(Figure 1A). A modest increase during the latter portion of the 
analysis period occurred in Newfoundland and Labrador and 
Saskatchewan from 2006 onward (Figure 1A). Quebec was found to 
have significantly lower broad-spectrum prescribing rates over the 
entire time frame compared with all other provinces (P<0.05). In 
contrast, Newfoundland and Labrador was found to have signifi-
cantly higher broad-spectrum penicillin prescribing rates from 2001 
to 2010 compared with the remaining provinces (P<0.05). For 2010 
data, all pairwise combinations of provinces were assessed for signifi-
cant differences in their prescribing rates. The P values for these 
comparisons are presented in Table 1 for use in combination with 
Figure 1A.

A pattern of increasing average broad-spectrum penicillin DDDs 
per prescription was apparent for all of the provinces (Figure 1B). In 
contrast to the PrID model, Quebec had significantly higher DDDs per 
prescription than all provinces with the exception of New Brunswick 
(P<0.05). Saskatchewan displayed the lowest DDDs per prescription, 
significantly lower than all provinces except Ontario (P<0.05). All 
pairwise combinations of provinces were assessed for significant differ-
ences in their prescribing rates. The P values for these comparisons are 
presented in Table 2 for use in combination with Figure 1B.

Cephalosporin models
Variable patterns in the use of cephalosporins were apparent among the 
provinces (Figure 2A). The most divergent provinces were 
Newfoundland and Labrador and Quebec. Newfoundland and Labrador 
exhibited increasing rates of use between 2005 and 2010, whereas the 
remaining provinces displayed a plateau or reductions in prescribing 
over this time period (P<0.05). In contrast, cephalosporin prescribing in 
Quebec was reduced from year to year, and was significantly lower than 
all other provinces between 2004 and 2010 (P<0.05; Figure 2A). For 
2010 data, all pairwise combinations of provinces were assessed for sig-
nificant differences in their prescribing rates. The P values for these 
comparisons are presented in Table 3 for use in combination with 
Figure 2A.

A pattern of gradual decreasing cephalosporin DDDs per prescrip-
tion occurred from 2000 to 2004, followed by a slight increase from 
2005 to 2010 (Figure 2B). Significant differences among the provinces 
were uncommon; all significant comparisons included New Brunswick 
or Newfoundland and Labrador. New Brunswick DDDs per prescrip-
tion were significantly higher than all provinces with the exception of 
Newfoundland and Labrador, and Newfoundland and Labrador DDDs 
per prescription were significantly higher than Alberta, Manitoba, 
Saskatchewan, Quebec and Ontario (P<0.05). All pairwise combina-
tions of provinces were assessed for significant differences in their 
prescribing rates. The P values for these comparisons are presented in 
Table 4 for use in combination with Figure 2B.

Drug-level comparison of use in Newfoundland and Labrador and 
Quebec 
The raw PrID data from Newfoundland and Labrador and Quebec 
were examined at the level of the individual drug (Figure 3A and 3B). 
Penicillin prescribing in Newfoundland and Labrador was driven by 
amoxicillin and was considerably higher than that observed in Quebec 
(approximately 0.9 PrIDs in Newfoundland and Labrador and 
0.3 PrIDs in Quebec). Similarly, the prescribing of cephalosporins in 
Newfoundland and Labrador was driven by a single drug: cephalexin, 
at a rate of approximately five times that of the cephalexin prescribing 
reported in Quebec. Interestingly, the most commonly prescribed 
cephalosporin in Quebec was different from that in Newfoundland 
and Labrador; in Quebec, the yearly PrIDs for cefprozil ranged from 
0.07 to 0.10, while cefprozil was very rarely prescribed in Newfoundland 
and Labrador between 2000 and 2010. 
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Comparison with reporting EU countries
National and provincial-level PrIDs, DIDs and average DDDs per 
prescription for the year 2009 were compared with countries from 

the EU, as reported by ESAC-Net (3-5). Comparisons for penicillin 
and cephalosporin use are presented in Tables 5 and 6, 
respectively.

TAble 1
P values for the difference in all pairwise combinations of provinces in 2010 for the linear mixed model describing 
provincial prescriptions per 1000 inhabitant-days for broad-spectrum penicillin antimicrobials in Canada, 1995 to 2010
 bC Mb Nb NF NS ON Pe QC SK
AB ns ns ns <0.001 0.017 ns ns <0.001 <0.001
BC – 0.01 ns <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
MB – – ns <0.001 ns ns ns <0.001 <0.001
NB – – – <0.001 0.012 ns ns <0.001 <0.001
NF – – – – <0.001 <0.001 <0.001 <0.001 <0.001
NS – – – – – ns ns <0.001 <0.001
ON – – – – – – ns <0.001 <0.001
PE – – – – – – – <0.001 <0.001
QC – – – – – – – – <0.001
This table is a companion table to Figure 1A. BC British Columbia; MB Manitoba; NB New Brunswick; NF Newfoundland and Labrador; ns No significant difference 
in the prescribing rates between the two provinces; NS Nova Scotia; ON Ontario; PE Prince Edward Island; QC Quebec; SK Saskatchewan

Figure 1) Linear mixed-model predicted values for the trends in the pre-
scriptions per 1000 inhabitant-days (PrIDs) (A) and daily defined doses 
(DDDs) (B) for broad-spectrum penicillin antimicrobials in Canada, 
according to province, 1995 to 2010. PEI Prince Edward Island
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Figure 2) Linear mixed-model predicted values for the trends in the pre-
scriptions per 1000 inhabitant-days (PrIDs) (A) and daily defined doses 
(DDDs) (B) for cephalosporin antimicrobials in Canada, according to 
province, 1995 to 2010. PEI Prince Edward Island
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TAble 2
P values for the difference in all pairwise combinations of provinces for the linear mixed model describing provincial 
defined daily doses (DDDs) per prescription for broad-spectrum penicillin antimicrobials in Canada, 1995 to 2010
 bC Mb Nb NF NS ON Pe QC SK
AB ns ns <0.001 ns ns ns ns <0.001 <0.001
BC – 0.002 <0.001 0.022 0.024 ns ns <0.001 0.032
MB – – 0.013 ns ns 0.001 0.002 <0.001 <0.001
NB – – – 0.001 0.001 <0.001 <0.001 ns <0.001
NF – – – – 0.012 ns 0.023 <0.001 <0.001
NS – – – – – 0.013 0.026 <0.001 <0.001
ON – – – – – – ns <0.001 ns
PE – – – – – – – <0.001 0.031
QC – – – – – – – – <0.001
This table is a companion table to Figure 2A. BC British Columbia; MB Manitoba; NB New Brunswick; NF Newfoundland and Labrador; ns No significant difference 
in the DDDs per prescription between the two provinces; NS Nova Scotia; ON Ontario; PE Prince Edward Island; QC Quebec; SK Saskatchewan
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DISCUSSION
Prescribing of broad-spectrum penicillins and cephalosporins has 
declined in Canada from 1995 to 2010 by >41 and 23%, respectively, 
at the expense of increasing levels of quinolone and macrolide use (1). 
The results of the present study indicate that significant differences in 
β-lactam prescribing occurred among the provinces and over time. A 
decline in broad-spectrum penicillin prescribing occurred in all prov-
inces from 1995 to 2004, followed by a levelling-off in the subsequent 
years in most provinces. However, a slight increase occurred in 
Saskatchewan, and Newfoundland and Labrador from 2005 to 2010. 
Patterns of cephalosporin use were quite variable among the provinces 
over time. Nine of 10 provinces experienced an overall decline in 
cephalosporin prescribing from 1995 to 2010. An overall increase in 
cephalosporin prescribing was observed in Manitoba; however, this 
plateaued from 2005 to 2010. In contrast, an increase in cephalosporin 
prescribing was observed in Newfoundland and Labrador from 2004 to 
2010. In both β-lactam groups in 2010, prescribing was significantly 
higher in Newfoundland and Labrador than other provinces, and sig-
nificantly lower in Quebec.

Although the average DDD per prescription value in 2000 var-
ied according to province, a common increase among the provinces 
occurred over time for the broad-spectrum penicillins. Furthermore, 
differences among the provinces in the DDDs per prescription measure 
may be due to the proportion of prescriptions dispensed to children, 
which is likely to vary among the provinces given that the provinces 
differ with regard to population structure. In contrast to the prescrip-
tion rates, Quebec exhibited significantly higher broad-spectrum 
DDDs per prescription than all provinces with the exception of New 
Brunswick. These contrasting results may be the effect of campaigns 
in Quebec to reduce inappropriate prescribing for viral infections in 
children and, therefore, an increase in prescriptions for adults com-
pared with prescriptions for children (authors’ unpublished observa-
tion). Furthermore, some of this increase in the DDDs per prescription 

TAble 4
P values for the difference in all pairwise combinations of provinces for the linear mixed model describing provincial 
defined daily doses per prescription for cephalosporin antimicrobials in Canada, 1995 to 2010
 bC Mb Nb NF NS ON Pe QC SK
AB ns ns 0.003 0.026 ns ns ns ns ns
BC – ns 0.013 ns ns ns ns ns ns
MB – – 0.002 0.019 ns ns ns ns ns
NB – – – ns ns 0.005 ns 0.004 0.002
NF – – – – ns 0.038 ns 0.031 0.016
NS – – – – – ns ns ns ns
ON – – – – – – ns ns ns
PE – – – – – – – ns ns
QC – – – – – – – – ns
This table is a companion table to Figure 2B. BC British Columbia; MB Manitoba; NB New Brunswick; NF Newfoundland and Labrador; ns No significant difference 
in the prescribing rates between the two provinces; NS Nova Scotia; ON Ontario; PE Prince Edward Island; QC Quebec; SK Saskatchewan

TAble 3
P values for the difference in all pairwise combinations of provinces in 2010 for the linear mixed model describing 
provincial prescriptions per 1000 inhabitant-days for cephalosporin antimicrobials in Canada, 1995 to 2010

bC Mb Nb NF NS ON Pe QC SK
AB ns ns ns <0.001 ns ns ns 0.001 ns
BC – ns ns <0.001 0.019 ns ns 0.026 0.005
MB – – ns <0.001 0.048 ns ns 0.010 0.014
NB – – – 0.004 ns ns 0.038 <0.001 ns
NF – – – – 0.016 <0.001 <0.001 <0.001 ns
NS – – – – – ns 0.010 <0.001 ns
ON – – – – – – ns 0.001 ns
PE – – – – – – – 0.049 0.002
QC – – – – – – – – <0.001
This table is a companion table to Figure 2A. BC British Columbia; MB Manitoba; NB New Brunswick; NF Newfoundland and Labrador; ns No significant difference 
in the prescribing rates between the two provinces; NS Nova Scotia; ON Ontario; PE Prince Edward Island; QC Quebec; SK Saskatchewan

Figure 3) Raw individual drug-level prescriptions per 1000 inhabitant-
days (PrIDs) for all broad-spectrum penicillin (A) and cephalosporin (B) 
antimicrobials dispensed in Canada, according to province, 2000 to 2010. 
PEI Prince Edward Island
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measure may be explained by the new higher-dose prescribing guide-
lines for otitis media and other common bacterial infections, due to 
related increases in the minimum inhibitory concentrations (10). 
However, there is a current gap in studies investigating the impact of 
public health initiatives on levels of antimicrobial use. This informa-
tion will better inform the trends observed when evaluating the DDDs 
per prescription measure.

Individual drug-level prescribing data were examined for 
Newfoundland and Labrador and Quebec to explore the differences 
between these two provinces. In both provinces, amoxicillin was pre-
scribed at much higher rates than the remaining penicillins. However, 
the difference in amoxicillin prescribing rates between Newfoundland 
and Labrador and Quebec was considerable, suggesting that amoxicil-
lin prescribing in Newfoundland and Labrador may be an important 

TAble 5
Comparison of total broad-spectrum penicillin use among 
Canada and the reporting european Surveillance of 
Antimicrobial Resistance Network countries according to 
defined daily doses (DDDs) per 1000 inhabitant-days 
(DIDs), prescriptions per 1000 inhabitant-days (PrIDs) and 
DDD per prescription measures in 2009

Country or province
DID PrID

DDD per 
prescription

Value Rank Value Rank Value Rank
Alberta 6.27 11 0.64 6 9.84 16
Austria 7.09 18 0.68 11 10.43 22
Belgium 15.13 40 1.25 24 12.07 28
british Columbia 5.41 8 0.56 2 9.69 13
Bulgaria 8.40 24 0.98 17 8.60 8
Canada 5.97 9 0.60 4 9.93 18
Croatia 9.69 28 1.05 18 9.19 12
Cyprus 16.01 42 NR NR NR NR 
Czech Republic* 7.73 21 0.69 12 11.13 27
Denmark 10.00 29 1.13 21 8.86 10
Estonia 4.37 4 0.65 9 6.70 3
Finland 6.14 10 0.74 15 8.34 7
France 16.08 43 NR NR NR NR 
Germany 4.27 2 NR NR NR NR 
Greece 12.89 38 1.47 27 8.77 9
Hungary 7.06 17 NR NR NR NR 
Iceland 10.41 31 1.33 26 7.83 5
Ireland* 10.66 32 NR NR NR NR 
Israel 11.82 34 NR NR NR NR 
Italy† 15.18 41 3.40 28 4.46 2
Latvia 4.80 7 NR NR NR NR 
Lithuania 10.08 30 1.11 20 9.08 11
Luxembourg 13.47 39 NR NR NR NR 
Malta 9.08 25 NR NR NR NR 
Manitoba 7.31 20 0.73 13 10.03 19
New brunswick 6.66 15 0.62 5 10.66 25
Newfoundland 11.88 35 1.13 22 10.50 23
Norway 6.59 14 NR NR NR NR 
Nova Scotia 6.51 13 0.64 7 10.19 20
Ontario 6.37 12 0.65 8 9.80 15
Prince edward Island 7.25 19 0.73 14 9.91 17
Poland 10.68 33 NR NR NR NR 
Portugal 12.00 36 1.11 19 10.84 26
Quebec 4.54 6 0.44 1 10.26 21
Romania 4.31 3 NR NR NR NR 
Russian Federation 4.23 1 1.29 25 3.28 1
Saskatchewan 8.37 23 0.86 16 9.74 14
Slovakia 9.56 27 NR NR NR NR 
Slovenia 9.51 26 1.24 23 7.67 4
Spain 12.31 37 NR NR NR NR 
Sweden 6.98 16 0.66 10 10.58 24
The Netherlands 4.48 5 0.57 3 7.86 6
United Kingdom 8.03 22 NR NR NR NR 
Lowest use ranking = 1. NR Not reported, *2008 values, †2007 values

TAble 6
Comparison of total cephalosporin use among Canada and 
the reporting european Surveillance of Antimicrobial 
Resistance Network countries according to defined daily 
doses (DDDs) per 1000 inhabitant-days (DIDs), 
prescriptions per 1000 inhabitant-days (PrIDs) and DDD 
per prescription measures in 2009

Country or province
DID PrID

DDDs per 
prescription

Value Rank Value Rank Value Rank
Alberta 1.90 21 0.25 13 7.76 19
Austria 1.80 17 0.31 19 5.82 11
Belgium 1.82 18 0.14 5 12.58 28
british Columbia 1.86 20 0.22 9 8.26 22
Bulgaria 2.30 26 0.51 23 4.49 5
Canada 1.84 19 0.23 11 7.95 21
Croatia 3.70 37 0.60 24 6.21 13
Cyprus 6.45 42 NR NR NR NR 
Czech Republic* 1.55 14 0.18 7 8.52 24
Denmark 0.03 1 0.01 1 5.73 10
Estonia 0.83 10 0.18 8 4.49 6
Finland 2.33 27 0.41 22 5.71 9
France 2.92 34 NR NR NR NR 
Germany 2.39 29 NR NR NR NR 
Greece 8.68 43 1.49 27 5.82 12
Hungary 1.98 24 NR NR NR NR 
Iceland 0.30 5 NR NR NR NR 
Ireland* 1.33 13 0.39 21 3.37 4
Israel 3.96 38 NR NR NR NR 
Italy† 2.78 32 3.18 28 0.87 2
Latvia 0.43 7 NR NR NR NR 
Lithuania 1.27 12 0.66 25 1.90 3
Luxembourg 4.33 40 NR NR NR NR 
Malta 5.50 41 NR NR NR NR 
Manitoba 1.76 16 0.23 10 7.74 18
New brunswick 2.97 35 0.28 16 10.77 27
Newfoundland 3.32 36 0.33 20 10.01 26
Norway 0.13 3 NR NR NR NR 
Nova Scotia 2.46 30 0.27 15 8.99 25
Ontario 1.99 25 0.25 14 7.82 20
Prince edward Island 1.93 22 0.23 12 8.27 23
Poland 2.89 33 NR NR NR NR 
Portugal 1.96 23 0.30 17 6.58 14
Quebec 1.26 11 0.17 6 7.34 16
Romania 2.47 31 NR NR NR NR 
Russian Federation 0.47 8 0.99 26 0.48 1
Saskatchewan 2.33 28 0.30 18 7.73 17
Slovakia 4.12 39 NR NR NR NR 
Slovenia 0.42 6 0.06 4 7.09 15
Spain 1.56 15 NR NR NR NR 
Sweden 0.24 4 0.05 3 5.19 8
The Netherlands 0.04 2 0.01 2 4.78 7
United Kingdom 0.58 9 NR NR NR NR 
Lowest use ranking = 1. NR Not reported, *2008 values, †2007 values
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target for stewardship programs. Similarly, the most commonly pre-
scribed cephalosporin in Newfoundland and Labrador, cephalexin, was 
prescribed at much higher rates than the most commonly prescribed 
cephalosporin in Quebec (cefprozil). 

When compared with ESAC-Net data for antimicrobial use in 
2009, use of penicillins in Canada was lower than the majority of 
reporting EU countries according to both the DID and PID measures. 
However, this was not true for all Canadian provinces, with 
Newfoundland and Labrador being ranked with much higher con-
sumption than the remaining provinces. The DDD per prescription 
measure showed that the average Canadian penicillin prescription 
contained a larger amount of active ingredient for penicillin than in 
most reporting EU countries (3,4). Similarly, the use of cephalosporins 
in Canada was comparable with the reporting ESAC-Net countries 
according to DID and PrID measures, with the exception of 
Newfoundland and Labrador (ranked 36 of 43) and New Brunswick 
(35 of 43). Again, comparison of the DDD measurement revealed that 
the average Canadian prescription contained a larger amount of active 
ingredient than the reporting European countries (3,5). Discrepancies 
among the rankings for the three measures may be based on the age 
structure of the various populations because the average DDDs per 
prescription in a population is likely to be influenced by prescribing to 
children versus adults (1). However, the presence of, and adherence 
to, treatment guidelines is also likely to result in differences in the 
average DDDs dispensed per prescription in various countries, particu-
larly if guidelines recommend increased strength, duration of treat-
ment or a reduction in prescribing to children for illnesses of viral 
etiology. An assessment of antimicrobial use at the prescription level 
may be required to determine whether the strength and length of 
treatment choices are being made according to guidelines. 

We acknowledge the limitations to our study, which include the lack 
of complete data for the period between 1995 and 1999, and the potential 
for nonrepresentativeness of measured pharmacies. However, despite mis-
sing prescription counts for the narrow-spectrum penicillins and individ-
ual drugs between 1995 and 1999, the prescription information for the 
broad-spectrum penicillin and cephalosporin classes represent sufficient 
information to describe trends in provincial use over time. Furthermore, 
the large proportion of pharmacies represented in the dataset (>67% of 
Canadian pharmacies in September 2011) and the extensive extrapola-
tion method used by IMS Health Canada supports our belief that these 
data truly reflect antimicrobial use patterns in Canada (1,8). Our data also 
do not include information on the likely reason for prescribing. It appears 
to be likely that a decline in prescribing for aminopenicillins will most 
likely reflect less prescribing for various upper respiratory infections. On 
its own, this may indicate better compliance with prescribing guidelines. 
However, concomitant increases in macrolide and fluoroquinolone use 
may indicate that some of these upper respiratory infections are still being 
treated and with less appropriate first-line therapy.

Penicillins and cephalosporins are two of the three most often 
implicated antimicrobial classes that are inappropriately prescribed for 
viral infections, particularly of the respiratory tract (11,12). In an 
attempt to reduce the potential for selection of resistant bacteria while 
maintaining patient care standards, reducing prescribing of anti-
microbials for viral infections and other diseases that do not benefit 
from antimicrobial therapy must continue to be a goal of the Canadian 
medical community. 

DISCLAIMER: This article was prepared using data from IMS Health 
Canada Inc. The analyses, conclusions, opinions and statements expressed 
are those of the authors and not those of IMS Health Canada Inc.
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