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Abstract
Objective In 2005, the Do Bugs Need Drugs (DBND) program was imported to British Columbia (BC) from Alberta with the
goal of reducing unnecessary antibiotic use in the community. The objective of this study was to estimate the impact of the
program on antibiotic-associated costs and cost-benefit.
Methods We used data on antibiotic prescription and costs from BC PharmaNet for the period of 1996 to 2014. We conducted
interrupted time series regression to formally interpret the impact of the DBND program.
Results The average monthly prescription rate fell by 14.5%, from 54.3 to 46.4 per 1000 population between 2005 and 2014. The
proportionate contribution of macrolide prescription decreased from 19.2% in 2005 to 13.2% in 2014 and for quinolones
decreased from 13.1% in 2005 to 12% in 2014. The proportion of prescriptions for both penicillins and tetracyclines increased
by > 35.5%. Before the program, the average monthly cost of antibiotics was increasing by CAD $8.12 per 1000 population
(p < 0.001). After program introduction, average monthly cost decreased by CAD $18.19 per 1000 population (p < 0.001),
creating an annual savings for BC in 2014 of CAD $83.6 million. In 2014, one Canadian dollar spent on the DBND program
was associated with conservative savings of CAD $76.20.
Conclusion Significant cost savings have been observed in association with a community antimicrobial stewardship program
focused on both public and prescribers. Such programs are an effective strategy in cost-benefit terms and should therefore be
considered for universal adoption in Canadian healthcare systems.

Résumé
Objectif En 2005, la Colombie-Britannique a importé de l’Alberta le programme Do Bugs Need Drugs (DBND) en vue de
réduire l’utilisation non nécessaire des antibiotiques dans la population. L’objectif de notre étude était d’estimer les incidences du
programme sur les coûts et le rapport coûts-avantages associés aux antibiotiques.
Méthode Nous avons utilisé les données de BC PharmaNet sur les ordonnances d’antibiotiques et les coûts des antibiotiques
pour la période de 1996 à 2014. Nous avons mené une régression par série chronologique interrompue pour interpréter
officiellement les incidences du programme DBND.
Résultats Le taux d’ordonnances mensuel moyen a baissé de 14,5 %, soit de 54,3 à 46,4 pour 1 000 habitants entre 2005 et 2014.
Le poids proportionnel des ordonnances de macrolides a baissé, passant de 19,2 % en 2005 à 13,2 % en 2014; celui des
quinolones a également baissé, de 13,1 % en 2005 à 12 % en 2014. Le poids des ordonnances de pénicillines et de
tétracyclines a augmenté de plus de 35,5 %. Avant le programme, le coût moyen des antibiotiques augmentait de 8,12 $CAN
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pour 1 000 habitants par mois (p < 0,001). Après l’introduction du programme, le coût moyen a diminué de 18,19 $CAN pour 1 000
habitants par mois (p < 0,001), ce qui a permis à la Colombie-Britannique d’économiser 83,6 M $CAN pour l'année 2014. En 2014,
un dollar canadien dépensé pour le programme DBND était associé à une économie d'au moins 76,2 $CAN.
Conclusion D’importantes économies de coûts ont été observées en lien avec un programme collectif d’intendance des
antimicrobiens axé à la fois sur le grand public et sur les médecins prescripteurs. De tels programmes représentent une
stratégie efficace du point de vue du rapport coûts-avantages; il faudrait en envisager l’adoption universelle dans les systèmes
canadiens de soins de santé.
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Introduction

Antimicrobial resistance (AMR) is a significant threat to
health and to healthcare system sustainability (O’Neill
2014). An increase in AMR could threaten the safety of sur-
gery, cancer treatment and immunosuppressive strategies and

could cost trillions by 2050 (O’Neill 2016). Development of
new antibiotics and alternatives is part of the solution, but very
few new compounds are currently coming to market. The
World Health Organization (WHO) has recommended other
areas for action that have been adopted by many nation states
(World Health Organization 2015). These include improving

Table 1 Do Bugs Need Drugs
program activities with duration
of implementation

Activity Durationa

Program media launch 2005–2006

TVadvertising 2006–2014
Typically January/February

Transit advertising 2007–2014
Typically September–November

Radio advertising 2007–2010

Children’s outreach and advertising 2008–2010
Including children’s magazine educational inserts, Vancouver International
Children’s Festival sponsorship, children’s website advertising

Grade 2 DBND curriculum 2006–2014

Daycare DBND curriculum 2006–2014

General teaching DBND curriculum 2006–2014

Older adult DBND curriculum 2008–2014

Kindergarten–Grade 3 DBND teaching resources 2010–2014

Educational lectures and workshops for healthcare practitioners and students 2006–2014

Information print material distribution 2005–2014

Do Bugs Need Drugs website 2005–2014

Antibiotic Wise website 2014

Bugs & Drugs reference guide distribution 2006–2014
Began as hardcopy distribution, then mobile app, now website

Educational packages for pharmacists and physicians 2006

Parent-targeted advertising 2005, 2009

Movie theatre advertising 2005–2006

Peer-reviewed journal publication 2010–2014

Surveillance and reporting of AMR and AMU trends 2010–2014

Online and social media advertising 2014

AMR antimicrobial resistance, AMU antimicrobial use
a Some of the activities were implemented during different times of a year, not necessarily the whole year indicated
within the table
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surveillance of AMR and antimicrobial use, enhancing efforts
in infection prevention and control and investing in antimicro-
bial stewardship.

Most efforts in antibiotic stewardship have focused on hos-
pital and institutional care, but there are few examples of pro-
grams aimed at addressing the 80–90% of human antibiotic
use that results from community prescriptions. A systematic
review has concluded that public-facing programs that address
both general public and clinicians can reduce antibiotic use
(Cross et al. 2017).

Given the strong links between antimicrobial use and
resistance at the population level (Goossens et al. 2005),
the Do Bugs Need Drugs (DBND) program was imported
into British Columbia (BC), Canada, from the neighbouring
province of Alberta in 2005. DBND is an innovative pro-
gram of community and provider education aimed at reduc-
ing unnecessary antibiotic use. Program components include
freely accessible guidelines and continuing health education
for prescribers, direct outreach through schools, daycares
and community care facilities using a workforce of volunteer
health sciences students and pharmacists, and public cam-
paigns ranging from transit ads to social media (Table 1).
The province of BC has 4.6 million people in an area nearly
three times that of Germany and more than twice the size of
California. Initiation of various program components varied
but was more or less complete by 2009.

After observing a decline in antibiotic use and crude costs
since the program onset, we set out to better estimate the
impact of the program itself taking into account key covariates
such as population size and unit cost of drugs. Previous stud-
ies have focused on evaluation of institution-based antibiotic
stewardship or clinical and microbiological outcomes after
stewardship program implementation (Dik et al. 2015; Dik
et al. 2016). But this study is different as it evaluates the effect
of implementing a community-focused antibiotic stewardship
program. The objective of this study was to examine the
strength and magnitude of changes in antibiotic use and cost
associated with DBND program implementation using
interrupted time series analysis. Increasingly, time series anal-
yses are advocated as a method to evaluate community inter-
ventions (Biglan et al. 2000).

Methods

We obtained data on antibiotic use and costs from BC
PharmaNet, a database that captures information on all outpa-
tient prescriptions dispensed by community pharmacies in the
Canadian province of British Columbia, with the exception of
some drugs used for HIVand STI. Antibiotic prescription data
for the period 1996 through 2014 were extracted by a third
party within the BC Ministry of Health; patient identifiers
were removed and we received an anonymized dataset.

Records were line-listed by prescription and included fields
on patient demographics, prescriber profession, date of pre-
scription, and the name, dose, frequency and duration of ther-
apy. We classified antibiotics according to the Anatomical
Therapeutic Chemical (ATC) classification system developed
by WHO (World Health Organization 1996). Annual provin-
cial population estimates were obtained from the Government
of BC Vital Statistics (BC Statistics 2018).

For the purposes of the time series analysis, we report an-
tibiotic use in prescriptions per 1000 population per month.
We analyzed the data first with respect to overall rate of anti-
biotic use, then according to use of the seven major ATC
classes and the cost in Canadian dollars (CAD) monthly per
1000 population. For the monthly cost of the antibiotic, we
calculated the total cost (i.e., cost of the medication and phar-
macist dispensing fee); this cost was paid by either the gov-
ernment of BC (through PharmaCare insurance) and/or the
patient (directly or through an additional extended benefits
insurance plan).

Because community guidelines for many indications em-
phasize beta-lactam (J01C) and tetracycline (J01A) antibiotics
as first-line agents, we looked for a change in the proportion of
use attributed to these classes as evidence of class switching in
alignment with the DBND program goals.

Over the course of the study period, a number of factors
external to the DBND program could have influenced cost.
We adjusted for these as follows: population adjustment was
achieved by our focus on rates per population in our models;
we adjusted for unit drug price change by setting the average
price per unit for each drug (both generic and brand) in each
year to their corresponding average price in 2014. For those
drugs not present in 2014, we calculated the average price per
unit of drug x in year y using the formula: (average drug price
per unit of all drugs in 2014)/(average drug price per unit of all
drugs in year y) × (average drug price per unit of drug x of that
drug in year y). Since one of the objectives of this study was to
examine the changes in antibiotic costs associated with
DBND program implementation, adjusting for unit drug price
took care of both inflation and changes in real prices over
time.

To assess the impact of the DBND program, we conducted
an interrupted time series analysis based on changes in month-
ly total cost for antibiotics per 1000 population. We first re-
moved seasonal trends from the raw cost data, and then deter-
mined the time series components to include in our regression
model, and finally fit a regression model including terms for
the DBND program. We began by examining the data prior to
the program (January 1, 1996 to August 31, 2005) and after its
initiation (September 1, 2005 to December 31, 2014), looking
for overall and seasonal trends in the yearly and monthly rates.
We removed any seasonal trends using time series decompo-
sition techniques (Electronic Statistics Textbook, StatSoft,
Tulsa, OK, 2013) and focused on the seasonally adjusted data
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for all further analysis. An autoregressive moving average
(ARMA) model was fit to determine appropriate
autoregressive and moving average terms to include in our
final analysis. We assessed stationarity and serial autocorrela-
tion in the ARMA model using standard methods (i.e., aug-
mentedDickey-Fuller test, autocorrelation and partial autocor-
relation function plots of the seasonality adjusted data)
(Chatfield 2016). The best time series components were de-
termined using the model that minimized AIC. We also plot-
ted the fitted model’s residuals to see the distribution of the
observed error in order to check whether the fitted model is
systematically correct or needs to be improved.

Our final analysis was a generalized least squares regres-
sion model of the seasonally adjusted cost data, including
covariates for the time series (ARMA) components, the

initiation of the DBND program and the duration of time
since program initiation (Cowpertwait and Metcalfe 2009;
Chatfield 2016). In addition to our main analysis, we also
considered a more conservative measure of the program’s
effect. We compared the observed mean monthly cost for
antibiotics in 2014 to the mean monthly cost for antibiotics
in the year just before program implementation (2005). This
mean monthly conservative estimation of change in cost was
then applied to the population of BC in 2014 to estimate the
conservative cost reduction between the program start time
and 2014. We also applied the final regression model sepa-
rately for each of the five health authorities of BC to esti-
mate regional variation in this conservative cost reduction.
The total expenditures of the DBND program were calculat-
ed until December 2014 and were compared to the

Fig. 3 Boxplot showing median
cost of antibiotics in BC by
calendar month before and after
seasonality adjustment, 1996–
2014

Fig. 4 Trends in monthly total
cost of antibiotics before and after
the DBND program in BC, 1996–
2014
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extrapolated conservative total cost reduction for antibiotics,
to estimate the reduction/saved against a dollar spent for the
DBND program (cost-benefit analysis).

All analyses were performed using SAS 9.4 (SAS Institute,
Cary, North Carolina) and R version 3.4.1, with a p-value less
than 0.05 defined as statistically significant.

Results

The overall average monthly prescription rates ranged from
54.3 per 1000 population in 2005 to 46.4 per 1000 population
in 2014, a reduction of 14.5%. In line with the overall decrease
in prescription rates, mean monthly prescription rates de-
creased for quinolones, macrolides and sulfonamides and tri-
methoprim antibiotics (Fig. 1). Decreases were also observed
in the yearly proportion that each drug comprised of the total
prescriptions with the exception of tetracyclines and penicil-
lins, which increased in their prescription rates by about 15%
from 2005 to 2014 and in their yearly proportions by 35.6%
and 0.4%, respectively (Fig. 2).

The mean monthly costs of antibiotics (adjusted for drug unit
cost) per 1000 population both before and after seasonal adjust-
ment are displayed in Fig. 3. As expected, unadjusted mean
monthly costs were highest between December and March.

Before modeling, the crude reduction in average monthly
cost of antibiotics (adjusted for drug unit cost) fell by $1,465
CAD between 2005 and 2014, representing a reduction in
total annual expenditures on antibiotics of $80.8 million
CAD. Sixty-six percent of this cost savings was realized
by patients or their third-party benefits insurer and the

remainder was realized by PharmaCare (BC’s government-
funded pharmaceutical plan).

Interrupted time series analysis The total monthly cost for
antibiotics was increasing before the start of the DBND pro-
gram, but then declined steadily following program implemen-
tation (Fig. 4). Table 2 shows the parameter estimates from the
segmented regression model of the effects of the DBND pro-
gram on mean monthly total cost of antibiotics per 1000 pop-
ulation. The results of the regression indicate that before imple-
mentation of the program, the mean monthly total cost for
antibiotics was $5845.39 CAD/1000 population and there
was a significant month to month increase ($8.12 CAD/1000
population) in the total cost (p < 0.0001). There was a signifi-
cant drop in the estimated mean monthly total cost
(coefficient = − 384.98, p = 0.001) after the DBND program
began (Table 2). In addition to this level change, there was a
significant change in the trend, which began to decline after the
program by a monthly average of $18.20 CAD in total cost of
antibiotics per 1000 population (p < 0.0001). The regression
models also show a statistically significant month to month
change in total cost of antibiotics both for the level and trend
for each of the five health authorities in BC (Table 3).

Program effectsUsing Table 2, we estimated that in December
2014, the mean monthly total cost of antibiotics was $5284.90
CAD per 1000 persons. Had the program not been introduced,
the mean monthly total cost of antibiotics was on a course to
reaching $7689.80 CAD/1000 persons by December 2014.
This means that the mean monthly total cost of antibiotics
decreased by a maximum of $2404.90 CAD, a 31% reduction
after the DBND program implementation.

Table 2 Segmented regression
model estimating the parameters
and predicting mean monthly
total cost per 1000 population
over time in BC, 1996–2014

Components/variables Estimate ($) Standard error ($) t-statistic P value

Intercept 5845.39 82.79 70.60 < 0.0001

Baseline trend 8.12 1.22 6.64 < 0.0001

Level change after intervention − 384.98 115.60 − 3.33 0.001

Trend change after intervention − 18.19 1.36 − 10.15 < 0.0001

Table 3 Segmented regression model estimating the parameters for health authorities in BC, 1996–2014

Fraser
Health Authority

Vancouver Coastal
Health Authority

Vancouver Island
Health Authority

Interior
Health Authority

Northern
Health Authority

Components Estimate ($) Estimate ($) Estimate ($) Estimate ($) Estimate ($)

Intercepta 5845.3 5981.6 5651.6 5492.03 5495.4

Baseline trendb 8.1 4.29 13.01 3.42 − 3.93
Level change after interventionc − 384.9 − 269.7 − 802.2 − 372.10 − 313.26
Trend change after interventiond − 24.6 − 16.8 − 21.3 − 9.4 − 4.4

a Estimates are significant (p < 0.001), b estimates are significant (p < 0.001)
c Estimates are significant (p < 0.01), d estimates are significant (p < 0.01)
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We also estimated the reduction in mean monthly cost of
antibiotics more conservatively: as the difference between the
observed mean monthly cost of antibiotics in 2014 and the
model estimated mean monthly cost of antibiotics in the last
month before program implementation (August 2005). This
conservative estimation of the mean monthly total cost of
antibiotics reduction per 1000 population in December 2014
was $1503 CAD (21% of mean monthly cost of antibiotics in
August 2005) (Table 4). Of this reduction, the patient portion
represented $933.80 CAD/month/1000 population, whereas
the BC PharmaCare portion represented the remainder
(Table 4). Based on the parameters in Table 3, we also esti-
mated the conservative impact of the DBND program on 2014
antibiotic cost for each of the health authorities—ranging from
$4.27 million CAD to $33.46 million CAD (Table 3).

Cost analysis Based on the conservative estimate of total
monthly cost of antibiotics per 1000 population, we estimated
a reduction of $83.6millionCAD for antibiotics in 2014. In the
same way, we also estimated the reduction in PharmaCare cost
and patient cost ($31.7 million CAD and $51.9 million CAD,
respectively) for the year 2014. A total of $5.9 million CAD
has been invested to implement the DBND program compo-
nents in BC between the program start date and end of 2014.
However, we estimated a total of $449.7 million CAD reduc-
tion in total cost of antibiotics during this time period. Using
the total DBND program cost and the conservative estimation
of total cost reduction for antibiotics, we estimated that every
$1 CAD spent for the program saved a total of $76.20 CAD.

Discussion

Our findings shed light on the potential value of population-
based antimicrobial stewardship programs. This 19-year time
series analysis indicates that the DBND program was success-
ful in reducing overall antibiotic utilization and bringing about
targeted class switching and that it was associated with signif-
icant antibiotic cost savings for BC, which does not

necessarily determine causality. During 2006–2014, a total
of $449.7 million CAD was saved, with patients and their
third–party insurers realizing almost two thirds of the savings.

The estimated cost reduction for antibiotics reported in
this study was conservative because we assumed that the
total costs would have remained at the level observed just
before program implementation. In fact, our analyses
showed that costs were trending steadily upward prior to
the program, in part due to undesirable class switching to
new macrolides and fluoroquinolones. Our analysis did not
include other potential societal cost savings, such as those
attributable to adverse events due to antibiotic use and
subsequent hospital visits and stays. Where possible, tak-
ing into account a more complete societal perspective
would have given a more robust and greater cost savings
in this study (Oppong et al. 2013; Coulter et al. 2015; Dik
et al. 2015; Drummond et al. 2015). The effect of a stew-
ardship program on costs aligns with studies reporting on
institutional stewardship efforts (Coulter et al. 2015).
However, this study represents one of the first evaluations
of cost savings for community antibiotic stewardship at the
population level.

In this study, we observed a gradual and continuous impact
of the program on average total monthly cost reduction for
antibiotics as evidenced by the slope/trend change after inter-
vention. This is expected with a multifaceted community pro-
gram rolled out gradually, as not all program components
began simultaneously across all the health authorities in BC.
We observed the total monthly cost reduction of antibiotics in
individual health authorities within BC ranging from $4.2 to
$33.4 million CAD in 2014. We estimated that one Canadian
dollar spent for the DBND program implementation saved
$76.20 CAD. Given this return on investment, most health
jurisdictions or organizations should consider the value of
community-based antibiotic stewardship efforts, as they show
the promise of achieving better practice while also saving
costs.

Observed cost reductions were driven both by a significant
drop in monthly prescription rate and by antibiotic class

Table 4 Changes in mean monthly costs per 1000 population after implementing the DBND program in BC, 2014

Costs Changes in slope Maximuma

estimated reduction
Conservativeb

estimated reduction
Conservative impact on 2014
drug costs in millions in BC

Mean 95% CI P value Mean (%) Mean (%)

Total ($) − 18.2 − 21.7, − 14.6 < 0.001 − 2404.87 (− 31.3) − 1503 (− 21.1) 83.6

PharmaCare cost ($) − 3.3 − 8.0, 1.3 0.16 − 398.26 (− 29.4) − 568.9 (− 37.3) 31.7

Patient cost ($) − 15.4 − 19, − 11.8 < 0.001 − 1898.13 (− 30.8) − 933.83 (− 18) 51.9

a Difference between the observed mean monthly cost of antibiotics and the expected mean monthly cost of antibiotics had the intervention not taken
place
bDifference between the observed mean monthly cost of antibiotics in December 2014 and the mean monthly cost of antibiotics just before program
implementation
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switching toward drugs of first choice. A significant portion of
total cost reduction of antibiotics can be attributable to the
change in the usage of antibiotic classes; that is, increasing
the usage of less costly penicillins and tetracyclines and re-
ducing the usage of more expensive fluoroquinolones and
newer macrolides.

There are some important limitations for our study. First, it
is ideal to have a clear start and end point of an intervention in
a time series analysis (Bernal et al. 2017). In this study, the
program components rolled out at different time points and
not simultaneously in all the health authorities of BC. In our
case, the program had a clear start point but continued to run
until the end of the study period. Had we included a “wash-in”
period to represent program start-up, we would have elevated
our estimate of cost savings, so have preferred to present the
more conservative case.

While we reported the impact of the program, we assumed
that the observed temporal changes in mean monthly cost of
antibiotics and associated cost savings are due to the program.
This is an assumption of the modeling approach and we ac-
knowledge that the regressionmodel cannot determine causality.
We could not measure and adjust for other co-interventions that
were in place during the study period which might have had an
impact on the cost reductions in this study. For instance, intro-
duction of pneumococcal conjugate vaccine (PCV) 7 in 2003
and PCV 13 in 2010 for infant and childhood vaccination
could have reduced the burden of pneumococcal infections
(Low 2017). However, one Canadian study reported that
while incidence of invasive pneumococcal disease declined
for children < 5 years, incidence was relatively unchanged in
ages ≥ 5 years (Demczuk et al. 2013).

A common problem with population-level public health
interventions is the inability to assign a control. However,
because the time series data in this study had a pre-
intervention segment that served as a control for the post-
intervention segment, this should address the threat to internal
validity (Wagner et al. 2002).

Programs with multifaceted educational components like
DBND often diffuse gradually through the target population
and the time to see an impact of such programs is related to the
diffusion process and/or rate. This is why it is important to
have the knowledge of diffusion process and diffusion rate
after the onset of the program/intervention (Wagner et al.
2002). For this study, we hypothesized based on the history
and maturation that the diffusion process will be gradual but
we could not measure the diffusion rate of the program
through the related population.

We did not measure the individual program component ef-
fect and so we are not certain which component of the program
contributed most to the observed changes in this study. Often,
it is difficult to calculate this type of measure where a series of
efforts are involved in implementing a multifaceted communi-
ty intervention (Biglan et al. 2000). However, based on the

assumptions from the history and experiences during the pro-
gram implementation, the combined DBND component(s) are
presumed to be effective.

Conclusion

Our findings showed that significant cost savings have been
observed in association with a community antimicrobial stew-
ardship program focused on both public and prescribers, even
after conservative estimation. Such programs are an effective
strategy in cost-benefit terms and should therefore be consid-
ered for universal adoption in Canadian healthcare systems.
However, additional work needs to be done in regard to the
appropriateness of prescribing antibiotics and any uninten-
tional consequences of prescriptions reduction.
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