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Abstract

Background: Antimicrobial resistance (AMR) occurs when microorganisms become resistant 
to treatment by standard, or first-line, antibiotic drugs. These infections create an enormous 
burden on society due to longer hospital stays and increased morbidity and mortality, resulting 
in increased medical costs and foregone resources. The objective of this paper is to estimate 
the hospital costs associated with two of the most significant antibiotic-resistant organisms: 
methicillin-resistant Staphylococcus aureus (MRSA) and Clostridioides difficile (C. difficile), for 
Canada, for the year 2019, as well as the value of other resource use attributed to the lost 
production due to disability and premature mortality.

Methods: The Discharge Abstract Database was employed for the analysis using a two-step 
process: first, the number of cases for each diagnosis was estimated; and then an average cost 
per case was derived, which was used to multiply the number of cases to obtain the total costs. 
Costs were derived using a regression model, accounting for demographic and other important 
confounding variables.

Results: There were a total of 16,070 and 9,889 cases of C. difficile infections and MRSA 
infections, respectively, in Canada in 2019, resulting in an estimated 1,743 premature deaths. 
The majority of cases occurred in the older age groups. The hospital costs attributable to these 
infections were over $125 million, while the indirect resource costs were between $18.8 and 
$146.9 million.

Conclusion: Quantifying the outcomes associated with antimicrobial-resistant infections 
provides valuable information for policymakers and is an essential first step in understanding 
the total economic impacts of AMR.
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Introduction

Antimicrobial resistance (AMR) is a serious and growing global 
public health threat in Canada and worldwide (1–3). Left 
unchecked, global economic costs could surpass $100 trillion by 
2050, with Canada seeing a decrease in gross domestic product 
(GDP) upwards of $20 billion (2–5). Antimicrobial resistance 
occurs when microorganisms become resistant to treatment by 
standard, or first-line, antibiotic drugs. In recent years, more 
microbes have become resistant to current antibiotics, and few 

new antimicrobials have been brought to the market, resulting in 
increased illness due to previously treatable infections.

These infections create an enormous burden on society as 
patients face increased morbidity and mortality. In addition, AMR 
increases the burden on the healthcare system through increased 
lengths of stay in hospitals and the need for more expensive 
treatments and resources, which could be used to treat other 
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conditions. With no effective treatment, antimicrobial-resistant 
infections persist, with a risk of spreading the infection to others.

Two of the most significant antibiotic-resistant organisms 
are methicillin-resistant Staphylococcus aureus (MRSA) 
and Clostridioides difficile (C. difficile). Methicillin-resistant 
Staphylococcus aureus (S. aureus) can also be resistant to 
other first-line antibiotics such as oxacillin and cloxacillin. 
Staphylococcus aureus is present on the skin or mucosal surfaces 
of 20%–30% of the healthy population and is also known to 
cause systemic infection (6). Methicillin-resistant S. aureus, a 
specific type of staph bacteria, can be present on the skin or 
mucosal surfaces of both healthy populations and hospitalized 
patients, as well as on environmental surfaces, and can enter the 
body through broken areas in the skin, respiratory tract, surgical 
sites and/or open wounds and intravenous catheters, and can 
cause severe and sometimes fatal infections in the hospital 
setting. Clostridioides difficile is an important healthcare-
associated infection that causes significant morbidity and 
mortality. It is the most common cause of infectious diarrhea in 
hospitals and can range from asymptomatic to life-threatening. 
Most cases occur in patients who are elderly and who have other 
underlying medical conditions. It spreads rapidly in healthcare 
settings by direct contact because it is naturally resistant to 
many antimicrobials used to treat other infections, and C. difficile 
spores in the environment tend to be resistant to commonly used 
disinfectants (7).

In addition to the direct medical costs, antimicrobial-resistant 
infections result in other foregone resources due to decreased 
production resulting from disability and premature mortality. 
If increases in AMR continue, the future burden associated 
with AMR may also increase significantly through its impact 
on the overall healthcare system. For example, as Smith and 
Coast (2012) noted, if antimicrobial resistance were to continue 

unchecked, we may face a world in which there is no longer any 
effective antibiotics available for situations in which they are 
currently routinely used (8).

Currently, there are few methodologically sound, comprehensive 
and comparable cost studies of AMR. Recent systematic reviews 
focusing on the costs of AMR found a wide variation in results 
due to the methodologies employed, type of resistance studied 
and the cost components included (8–10). For example, Naylor 
et al. found that excess healthcare system costs ranged from 
insignificance to $1 billion per year, while the economic burden 
ranged from $21,832 per case to $3 trillion in GDP loss (9). 
Table 1 summarizes the results from these systematic reviews 
and recent Canadian studies that focused on the economic 
burden of AMR (11–14). Of note is the large variation in cost 
estimates due to the aforementioned reasons (all monetary 
costs were converted to 2019 Canadian dollars using Purchasing 
Power Parity values and inflated accordingly).

The Council of Canadian Academies (CCA) recently estimated 
the current and future health, social and economic impacts 
of AMR in Canada (2). Based on a review of several Canadian 
studies, the authors estimated an average cost of $16,280 per 
MRSA patient. Examining cost studies of other antimicrobial-
resistant infections, the CCA estimated an average hospital 
case of AMR cost of $18,000. The studies included in the CCA 
analysis tended to be small-scale studies, many of which included 
data from only one or two hospital settings. Based on these 
cost estimates, total AMR hospital costs were estimated to 
be $1.4 billion in 2018. By 2050, AMR is projected to cost the 
Canadian healthcare system $6 billion at the current infection 
rate. Additionally, the report estimated that the cumulative loss 
in GDP due to AMR from 2018 to 2050 would be $268 billion if 
there were no changes to the current infection rate.

Table 1: Results of selected antimicrobial resistance economic burden studies

Reference 
(year of publication) Region Type of 

infection Type of study Estimated costsa

Smith and Coast (2013) International AMR in general Systematic review $5 to greater than $74,000 per patient episode

Levy et al. (2015) Canada C. difficile Economic model using 
multiple data sources

$291 million in hospital costs

$13 million in community medical costs

$11 million in lost productivity

Thampi et al. (2015) Ontario, 
Canada MRSA Multi-centre costing study $14,100 direct costs per hospital patient

Zhang et al. (2016) United States C. difficile Meta-analysis $28,756 per patient 

Naylor et al. (2018) International AMR in general Systematic review
Healthcare system costs: up to $1 billion per year

Economic burden: $29,595 per case to over $3 trillion 
in GDP losses

Canadian Council of 
Academies (2018) Canada AMR in general Review of selected Canadian 

studies

$16,979 per MRSA patient

$18,773 per AMR patient

$1.5 billion in total AMR hospital costs

Zhen et al. (2019) International MRSA Systematic review $9,998 to $242,599 per patient
Abbreviations: AMR, antimicrobial resistance; C. difficile, Clostridioides difficile; GDP, gross domestic product; MRSA, methicillin-resistant Staphylococcus aureus
a 2019 Canadian dollars
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Notwithstanding the important concerns of researchers such 
as Smith and Coast, who warn that unless AMR is properly 
addressed, we are headed to a drastically different healthcare 
system than the one with which we are familiar, accurate 
estimates of the current overall burden of AMR are needed by 
policymakers. It is important to properly understand the current 
situation from which projections and modelling of future costs 
associated with AMR can be based. Valid data on the costs 
related to AMR in Canada would provide valuable information on 
the magnitude of its burden, address gaps in data, and provide 
evidence and inputs for policy analysis.

The objective of this paper was to estimate the hospital costs 
and vale of lost production associated with antimicrobial-resistant 
infections, specifically MRSA and C. difficile infections, in Canada 
for 2019. The incidence of antimicrobial-resistant infections was 
based on diagnosis only, using administrative data; no distinction 
was made between healthcare-acquired and community-acquired 
infections. Antimicrobial-resistant infections caused by other 
bacteria were excluded due to the lack of valid and reliable data.

Methods

Data sources
The main data source employed in the analysis was the 
Discharge Abstract Database (DAD) from the Canadian Institute 
for Health Information, from 2010 to 2019. The DAD contains 
administrative data on hospital discharges, diagnoses and patient 
characteristics, facilities in all provinces and territories except 
Québec are required to report to DAD. In addition to employing 
the standard DAD variables, data on the cost of a standard 
hospital stay and on the resource intensity weight associated 
with each hospital discharge were obtained. This allowed for the 
estimation of costs associated with each discharge. The cost of 
a standard hospital stay provides a cost for the standard hospital 
patient, while the resource intensity weight allows for the cost to 
be adjusted based on the patients’ characteristics and diagnoses. 
All analyses were run for data from 2010 to 2019. The cross-
sectional results were from the most recent year, 2019, while the 
remaining data provided a look at AMR in Canada over time. 
Analysis was limited to those 18 years of age and over due to the 
low incidence in younger age groups.

While administrative rather than surveillance data were employed 
in the analysis, a recent study found that the DAD performed 
exceptionally well in identifying MRSA cases compared to 
surveillance data in Ontario and Alberta (r=0.79 for Ontario, 
r=0.92 for Alberta for overall, MRSA infections and r=0.95 for 
bloodstream MRSA infections in Ontario) (15). Thus, we are 
confident that the incidence rates produced using the DAD were 
valid estimates.

For each separation recorded, the DAD contains up to twenty-
five possible diagnoses according to the tenth revision of the 

International Classification of Diseases (ICD-10) codes. Each 
record notes the most responsible diagnosis (MRDX), defined 
as “the diagnosis or condition that can be described as being 
most responsible for the patient’s stay in hospital. If there is more 
than one such condition, the one held most responsible for the 
greatest portion of the length of stay (LOS) or greatest use of 
resources is selected.” (16). All other diagnoses (up to twenty-
four) were considered secondary diagnoses. For this analysis, all 
cases of MRSA and C. difficile infections (CDI) were identified 
(see Table 2 for the specific ICD-10 codes employed in the 
analysis).

Table 2: ICD-10 codes employed to identify 
Clostridioides difficile infections and methicillin-resistant 
Staphylococcus aureus infections

Diagnosis ICD-10 code(s)

CDI A04.7

MRSA, non-BSI B95.6 (S. aureus) and U82.1 (methicillin resistance) 
and in the same clustera

MRSA, BSI

B95.6 (Staph Aureus) and U82.1 (methicillin 
resistance) and A49 (bloodstream infection), 
and in the same cluster or A41.0 (Sepsis due to 
Staphylococcus) and U82.1 (methicillin resistance) 
and in the same clustera

Abbreviations: BSI, bloodstream infection; CDI, Clostridioides difficile infection; MRSA, 
methicillin-resistant Staphylococcus aureus
a Starting in 2009, the Discharge Abstract Database included a variable noting which diagnoses 
are related by showing them in the same cluster. For an individual to have a methicillin-resistant 
infection, they must possess both the methicillin resistance and the infection diagnoses, and both 
diagnoses must be in the same cluster

 
As the DAD does not include data from the province of Québec, 
age-adjusted values for costs and mortality for Québec were 
estimated, based on the results obtained from the DAD, and 
included in the total values. Thus, all values of the total burden 
represent estimates for all of Canada. Results are presented in 
2019 Canadian dollars.

Incidence rates
Incidence and costs for MRSA infections were divided into 
bloodstream (BSI) and non-bloodstream (non-BSI) infections 
due to the differences in patients and treatment protocols. Prior 
to 2009, to be classified as a case of MRSA, the observation 
had to include both 1) a diagnosis of methicillin resistance and 
2) a diagnosis of a Staphylococcus infection. In 2009, a cluster 
variable was introduced in the DAD to note whether the two 
diagnoses were related; thus, to be considered an MSRA 
case, the observation had to include both diagnoses and both 
diagnoses had to be identified as being within the same cluster. 
Incidence and costs for C. difficile diagnoses were estimated 
separately for those cases where C. difficile appeared as either a 
most responsible diagnosis or a secondary diagnosis (CDI MRDX 
and CDI non-MRDX, respectively.

Hospital costs
Incremental costs—those costs associated with treating the 
conditions above and beyond the costs associated with the rest 
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of that hospital stay—were estimated in two ways. Firstly, the 
average cost of patient stays with and without the diagnosis 
in question were estimated. The difference between the two 
estimates was then assumed to be the incremental costs 
attributable to the specific infection. The challenge with this 
approach is that the likelihood of an AMR infection increases with 
age, LOS, number of comorbidities and the reason for admission. 
Thus, unadjusted incremental costs derived in this manner are 
likely to overestimate the actual incremental costs that can be 
validly attributed to the presence of the infection only.

To account for the aforementioned confounding effects, the 
following regression model was employed to estimate the 
incremental costs associated with treating antimicrobial-resistant 
infections:

Where:

•	 Cost=the log of cost per discharge
•	 MRSA_non_BL=1 if non-bloodstream MRSA diagnosis 

present
•	 MRSA_BL=1 if bloodstream MRSA diagnosis present
•	 CDI_non_mrdx=1 if C. difficile diagnosis present as a 

comorbid condition
•	 Comorbidities=number of diagnosed comorbidities 

(excluding antimicrobial-resistant infections)
•	 ISHMTi=1 if the patient most responsible diagnosis is in 

International Short List of Hospital Morbidity Tabulation 
(ISHMT) code i (excluding the C. difficile code)

•	 PROV=a dummy for the province
•	 Sex=1, if female
•	 LOS=length of stay associated with the observation

The model employed included variables for most responsible 
diagnosis (to account for different reasons of admission), number 
of comorbidities (based on records in the DAD), sex, and 
province. The estimated beta coefficients were used to estimate 
the incremental costs associated with the infections. Specifically, 
the coefficients on the variables associated with infections (β1, 
β2, β3) were transformed to show the percentage increase in 
average costs that could be attributable to the infection (MRSA 
or C. difficile).

For those individuals with C. difficile as a secondary diagnosis 
or with a diagnosis of MRSA (which was always a secondary 
diagnosis), the incremental costs associated with that diagnosis 
were estimated.

Cost data are usually right-skewed, as costs cannot be negative 
and most of the observations are close to zero, with several 
observations having relatively high costs. Thus, a log-linear 

model was employed, allowing for a much better fit. The 
resulting beta coefficients, once transformed, can be interpreted 
as the incremental costs attributable to the presence of either 
MRSA or C. difficile infections, respectively, accounting for the 
age, diagnosis, sex, comorbidities and other relevant factors. 
Separate regressions were run by age group to account for 
differences by age. Once the incremental cost has been 
estimated, the cost is multiplied by the number of cases for that 
diagnosis. For patients classified as having C. difficile as a most 
responsible diagnosis, all costs associated with that hospital stay 
were employed.

The most responsible diagnosis, for each observation, was 
coded according to ISHMT. The ISHMT is a classification system 
based on ICD-10 Chapters, and it further breaks down the 
ICD Chapters into a total of 130 diagnostic categories. The 
ISHMT codes were employed to define the diagnoses as they 
represent a manageable number of well-defined diagnoses, 
while still being granular enough to be meaningful.

Mortality estimates
To estimate the value of lost production due to premature 
mortality attributable to antimicrobial-resistant infections, it was 
necessary to estimate the increased mortality attributable to the 
infections employed in the analysis. While C. difficile is a possible 
listed cause of death, deaths attributable to MRSA infections are 
coded otherwise, making it difficult to obtain valid and reliable 
estimates on the number of deaths attributable to MRSA (17). 
Separate logistic regression with a binary variable of whether 
the patient died or was discharged from the hospital was used 
to estimate the mortality rate for each of the five age groups, 
namely 18–34, 35–54, 55–64, 65–74 and 75 years of age and 
older. The coefficients from such regression produce the log-
odds, from which it was possible to estimate odd ratios for the 
mortality rates associated with each infection. Specifically, the 
following model was implemented:

Where:

•	 Dead=1 if patient died, 0 otherwise
•	 All other variables were previously defined

To estimate the total number of deaths attributable to each type 
of AMR infection, the age-specific death rate for all discharged 
patients and the number of AMR-specific infected patients were 
obtained from the data. Then, the infection-specific death rate 
can be calculated by multiplying the odds ratio of the specific 
infection and the overall death rate. Lastly, the estimated number 
of deaths for the infection can be estimated by multiplying the 
infection-specific death rate and the number of infections in the 
age group.
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Value of lost production
To obtain a more complete estimate of the economic burden, the 
value of the lost production, for both disability and premature 
mortality, attributable to antimicrobial-resistant infections was 
also estimated. Two approaches are generally employed to 
estimate production losses in cost of illness studies: the friction 
cost approach and the human capital approach (18). This friction 
cost approach assumes that a deceased worker will eventually 
be replaced by individuals currently in the pool of unemployed 
workers once those seeking employment are lined up with an 
employer currently offering employment (i.e. the friction period), 
with three months being a common time period employed (19). 
In contrast, the human capital approach measures the value of 
foregone gross lifetime earnings resulting in significantly larger 
estimates; that is, the human capital approach assumes that an 
individual’s production is lost for their entire working life. Given 
the ongoing debate on the appropriate method, and general 
higher rates of unemployment (the friction cost approach was 
originally proposed during periods of high unemployment), both 
methods were employed to increase the comparability of the 
results.

The length of time absent from work due to absenteeism or 
premature mortality was estimated using both approaches and 
was then multiplied by an average wage rate. The incremental 
LOS in hospitals attributable to these infections was estimated 
based on the previously estimated incremental costs to derive 
the amount of time missed due to absenteeism. Time missed 
from work was multiplied by age-specific average earnings (as 
a proxy for the marginal product). The average income and 
employment rate for persons aged 15 years of age and older 
were obtained from Statistics Canada (20,21).

Results

Incidence rates
Figure 1 shows the incidence of C. difficile and MRSA infections 
from 2010 to 2019. The incidence of C. difficile infections has 
fallen since 2015, from 7.1 cases per 1,000 hospital separations 
to 5.8 cases per 1,000 hospital separations in 2019 (2.0 as a most 
responsible diagnosis and 3.8 as a secondary diagnosis). When 
examining the methicillin-resistant and Staphylococcus infection 
diagnoses, it was observed that, in 2010 (the first year after the 
cluster variable was introduced), all cases had both a diagnosis 
of methicillin resistance and a Staphylococcus infection, and only 
85% were in the same cluster. The majority (76%) of infections 
diagnosed as both methicillin-resistant and having a bloodstream 
Staphylococcus infection were also within the same cluster. In 
2011, the percentage changed to 97% and 85%, and by 2019 
the percentages stabilized at 99% and 88%, respectively. It likely 
took some time for the coding to be applied appropriately. 
In 2019, the overall rate for MRSA infections was 3.6 per 
1,000 separations—2.6 for non-BSI and 1.0 for MRSA-BSIs. Note 
that bloodstream MRSA infections have increased steadily since 

2010 and more than doubled between 2010 and 2019; from 
0.4 to 1.0 cases per 1,000 hospital separations. These findings 
are consistent with the results of Canadian surveillance studies; 
however, due to differences in methodologies, results are not 
directly comparable (1,7).

In 2019 there were over 2.1 million hospital separations 
included in the DAD. Table 3 presents summary statistics for 
the overall sample and individuals with either MRSA infections 
or CDI. Patients with any type of infection had a much longer 
average LOS; however, it should be noted that the difference 
between the average LOS for the entire sample and those with 
antimicrobial-resistant infections is attributable to many factors. 
Those with C. difficile infections tended to be older, and those 
with MRSA tended to be younger than the entire sample. 
While the average age for the entire sample increased over the 
study period, the average age of those with these infections 
decreased slightly. Males were more likely than females to have 
been diagnosed with an MRSA infection. Table 4 shows the 
incidence rates for the antimicrobial-resistant infections by age 
group. Not surprisingly, those 75 years of age and over had the 
highest overall rates, except MRSA infections peaked for those 
35–54 years of age.
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Figure 1: Incidence of Clostridioides difficile infections 
and methicillin-resistant Staphylococcus aureus 
infections, Canadaa, 2010–2019
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Table 3: Summary statistics and incidence rates of antimicrobial-resistant infections, Canadaa, 2019

Type of infection Incidence 
(cases per 1,000 separations) Percent female Average LOS 

(days)
Average age 

(years)

Entire sample N/A 57.0% 7.6 59.5

No infection N/A 57.0% 7.5 59.5

CDI (MRDX) as most responsible diagnosis 2.00 58.9% 11.7 70.6

CDI, as non-MRDX 3.82 51.1% 31.7 68.8

CDI (total) 5.82 53.8% 24.8 69.4

MRSA non-BSI 2.62 40.5% 22.6 58.4

MRSA, BSI 0.96 38.6% 25.4 57.5

MRSA (total) 3.58 40.0% 23.3 58.2
Abbreviations: BSI, bloodstream infections; CDI, Clostridioides difficile infections; LOS, length of stay; MRDX, most responsible diagnosis; MRSA, methicillin-resistant Staphylococcus aureus, N/A, not 
applicable
a Excludes data from Québec

Table 4: Incidence rates of antimicrobial-resistant infections, by age group, Canadaa, 2019 (cases per 1,000 
discharges)

Age group 
(years) CDI, MRDX CDI, non-MRDX CDI, total MRSA, non-BSI MRSA, BSI MRSA, total

18–34 0.537 0.994 1.531 1.970 0.758 2.728

35–54 1.119 2.492 3.611 3.805 1.455 5.261

55–64 1.929 4.315 6.244 3.055 1.141 4.195

65–74 2.415 5.028 7.443 2.509 0.909 3.418

75 and older 3.312 5.472 8.785 2.105 0.701 2.806

Total 2.002 3.816 5.818 2.621 0.960 3.580
Abbreviations: BSI, bloodstream infection; CDI, Clostridioides difficile infections; MRDX, most responsible diagnosis; MRSA, methicillin-resistant Staphylococcus aureus
a Excludes data from Québec

Hospital costs
The unadjusted costs were relatively high as expected and 
ranged from over $19,000 per patient (MRSA, non-BSI) to 
over $30,000 per patient (CDI). As previously noted, this is 
likely due to those with AMR having longer, more resource 
intensive, lengths of stay due to other characteristics. To 
derive the adjusted incremental costs, separate regressions 
were run for each age group (the main regression results are 
presented in Appendix, Table A1 and Table A2). Table 5 

presents incremental cost estimates by age group). The average 
incremental costs across all age groups were $2,301 and $3,654 
for non-BSI MRSA cases and BSI MRSA cases, respectively, 
resulting in a total hospital cost of MRSA estimated to be 
$24.4 million. For C. difficile, the average cost of patients having 
a most responsible diagnosis was $11,056 per patient and 
the incremental costs associated with a secondary C. difficile 
diagnosis was $3,749. Total hospital costs associated with 
C. difficile were estimated at $100.7 million.

Table 5: Hospital costs for antimicrobial-resistant infection per patient, by age group, Canada, 2019

Age group 
(years)

All diagnoses 
(average cost)

CDI, MRDX 
(incremental cost)

CDI, non-MRDX 
(incremental cost)

MRSA, non-BSI 
(incremental cost)

MRSA, BSI 
(incremental cost)

18–34 $5,251 $7,297 $2,806 $1,411 $1,828

35–54 $8,001 $7,866 $3,883 $1,694 $2,589

55–64 $10,785 $10,153 $3,731 $2,271 $3,022

65–74 $11,414 $12,389 $4,057 $2,309 $5,006

75 and older $12,098 $11,806 $3,641 $2,408 $5,802

Average $9,721 $11,056 $3,479 $2,031 $3,654
Abbreviations: BSI, bloodstream infection; CDI, Clostridioides difficile infections; MRDX, most responsible diagnosis; MRSA, methicillin-resistant Staphylococcus aureus
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Mortality estimates
The hospital separations provide the discharge disposition 
information; however, it was not specified whether a patient died 
in or outside the hospital. According to the DAD, the observed 
number of deaths with C. difficile, MRSA non-BSI, and MRSA BSI 
infection were 1,455, 353, and 351, respectively. As there is no 
cause of death for these patients noted in the data, the mortality 
might be due to other competing risks such as comorbidities or 
aging, instead of AMR infection alone.

To prevent the overestimation of AMR-related mortality, logistic 
regressions were conducted for the patients in each age group 
to estimate the death rates attributable to the infections, 
adjusted for sex, number of comorbidities and ISHMT diagnostic 
group. The results clearly showed a positive relationship between 
the number of deaths and the age of the patients. Table A2 
presents the odds ratios obtained from the regression results, 
and Table 6 shows the number of estimated deaths attributable 
to C. difficile and MRSA infections, for all of Canada. According 
to the estimates, the number of deaths attributable to C. difficile, 
MRSA non-BSI, and MRSA BSI was 1,309, 257, and 177, 
respectively. The majority of the estimated deaths, near 70%, 
occurred among those aged 75 years and older.

Table 6: Estimated mortality by age group attributable 
to antimicrobial-resistant infections, Canadaa, 2019

Type of 
infection

Age (years)

Total 
mortality

18–34 35–54 55–64 65–74
75 
and 

older

CDI, any 2 28 98 206 975 1,309

MRSA, 
non-BSI 2 23 34 54 144 257

MRSA, 
BSI 2 17 25 49 84 177

Total 6 68 157 309 1,203 1,743
Abbreviations: BSI, bloodstream infection; CDI, Clostridioides difficile infections; MRDX, most 
responsible diagnosis; MRSA, methicillin-resistant Staphylococcus aureus
a Excludes data from Québec

Table 7: Incremental length of stay associated with 
antimicrobial-resistant infections, Canadaa, 2019

Type of 
infection

Age (years)

18–34 35–54 55–64 65–74
75 
and 

older

CDI, MRDXb 6.9 7.5 9.3 12.6 13.5

CDI, non-MRDX 1.9 2.6 2.5 3.0 3.5

MRSA, non-BSI 1.0 1.1 1.5 1.7 2.3

MRSA, BSI 1.3 1.7 2.0 3.6 5.5
Abbreviations: BSI, bloodstream infection; CDI, Clostridioides difficile infections; MRDX, most 
responsible diagnosis; MRSA, methicillin-resistant Staphylococcus aureus
a Excludes data from Québec
b For CDI, MRDX the values refer to the average length of stay

Value of lost production
Table 7 shows the incremental LOS associated with antimicrobial-
resistant infections. The average LOS was multiplied by the 
number of cases, the average wage rate, and the employment 
rate to obtain the value of lost production due to morbidity, 
which totalled $5.6 million. The value of lost production due 
to premature mortality was estimated at $13.2 million using 
the friction cost approach, and $141.4 million using the human 
capital approach. This is consistent with other findings. The value 
of lost production is greatest for those aged 35 to 64 years old, 
resulting from higher earnings and employment in those age 
groups.

Total costs
Table 8 summarizes the increased burden in terms of mortality 
and economic costs associated with antimicrobial-resistant 
infections in Canada in 2019. Antimicrobial-resistant infections 
resulted in 1,743 extra deaths and accounted for between 
$143.8 million and $272 million in total economic costs.

Table 8: Burden associated with antimicrobial-resistant infections, Canadaa, 2019

Type of infection Number of cases Increased 
mortality

Hospital 
costsb

Lost productionb 
(disability)

Lost productionb 
(premature mortality)

Total costsb

FCM HCM

CDI, any 16,070 1,309 $100.65 $3.99 $9.92 $66.90 $114.56–$171.54

MRSA, non-BSI 7,238 257 $14.70 $0.93 $1.95 $42.62 $17.5–$58.26

MRSA, BSI 2,651 177 $9.69 $0.64 $1.34 $31.82 $11.6–$42.15

Total 25,959 1,743 $125.04 $5.56 $13.22 $141.35 $143.8–$271.95
Abbreviations: BSI, bloodstream infection; CDI, Clostridioides difficile infections; FCM, friction cost method; HCM, human capital method; MRSA, methicillin-resistant Staphylococcus aureus
a Estimates include Québec
b 2019 Canadian dollars, in millions
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Discussion

There were an estimated 16,070 and 9,989 cases of C. difficile 
and MRSA infections, respectively, in Canada in 2019, resulting 
in an estimated 1,743 premature deaths. The majority of 
cases occurred in the older age groups, and nearly 70% of the 
premature deaths occurred among those aged 75 years and 
older. The annual hospital-related costs were over $125 million, 
while the value of lost production was estimated to be between 
$18.8 million and $146.9 million; total economic costs were 
between $143.8 million $272 million. Given the assumptions 
employed and noting that only two types of antimicrobial-
resistant infections were incorporated in the analysis, these 
results can be considered lower values of the economic burden 
of antimicrobial-resistant infections in Canada.

The estimates for LOS, attributable mortality and incremental 
costs were consistent with those found in the literature, although 
at the low end. This finding is not unexpected, given that the 
methodology employed in the estimation of hospital costs was 
likely to produce conservative estimates. In addition, the analysis 
attempted to account for factors that may influence the risk of 
antimicrobial-resistant infections and would affect total costs, 
including age, LOS, number of comorbidities and the most 
responsible diagnosis. Differences in per patient hospital costs 
were likely due to estimating incremental, rather than average 
costs.

Direct comparisons with the previous literature are challenging 
due to the wide range of outcomes included, perspective, and 
methodologies employed. Naylor et al. (9) noted that much 
of the previous evidence on the economic burden of AMR did 
not employ established health economic modelling techniques; 
they produced recommendations for AMR economic burden 
research, which we attempted to follow. This included using 
a representative population sample, taking into account 
confounding variables (including comorbidities and age), 
describing the data employed and how rates were derived, and 
clearly describing the model employed.

Limitations
While attempting to consider many of the covariates related 
to antimicrobial-resistant infections, the analysis had several 
limitations. As previously noted, the analysis did not distinguish 
between health care-acquired and community-acquired 
infections. The differences between these two patient groups 
may affect overall outcomes and ideally should be accounted for. 
In addition, the data employed focussed on hospital separations 
instead of actual individuals. Thus, it was not possible to account 
for possible readmissions. Having such data would allow a better 
estimate of overall AMR cases rather than episodes. Related to 
the latter point, antimicrobial-resistant infections may result in 
long-term health impacts and thus costs. For example, Nanwa 
et al. conducted a longitudinal, matched cohort, study in 

Ontario, Canada, that estimated the three-year costs associated 
with CDI finding that the costs were greater than $31,000 and 
$37,000 (2014 CDN$) for non-elective and elective admission 
patients (22).

Conclusion
Quantifying the outcomes associated with antimicrobial-resistant 
infections provides valuable information for policymakers and 
is an essential first step in understanding the total economic 
impacts of AMR. Quantifying these outcomes is also an 
important input that can be used in economic evaluations of 
policies to reduce the future impacts of AMR.
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Appendix: List of tables

Table A1: Incremental cost regression results
Table A2: Mortality regression results

 Table A1: Incremental cost regression results

Age group Independent variable Coefficienta Standard error T-statistic Regression statistics

18–34

C. difficile, non-MRDX 0.4282 0.0221 19.37 Number of observations: 398,445

F–statistic: 3,964.2

Probability >F: <.0001

R-squared: 0.573

Adj. R-squared: 0.573

MRSA, non-BSI 0.2380 0.0159 14.93

MRSA, BSI 0.2987 0.0256 11.68

Female -0.0363 0.0023 -15.93

Length of stay 0.0301 0.0001 323.55

Comorbidities 0.0777 0.0003 223.69

Constant 7.8083 0.0162 482.12

35–54

C. difficile, non-MRDX 0.3956 0.0167 23.70 Number of observations: 401,292

F–statistic: 3,965.0

Probability >F: <.0001

R-squared: 0.575

Adj. R-squared: 0.575

MRSA, non-BSI 0.1921 0.0137 14.04

MRSA, BSI 0.2803 0.0220 12.75

Female -0.0213 0.0020 -10.74

Length of stay 0.0274 0.0001 340.48

Comorbidities 0.0807 0.0004 230.28

Constant 7.7870 0.0186 417.89

55–64

C. difficile, non-MRDX 0.2971 0.0153 19.47 Number of observations: 326,065

F–statistic: 3,192.3

Probability >F: <.0001

R-squared: 0.566

Adj. R-squared: 0.566

MRSA, non-BSI 0.1911 0.0181 10.53

MRSA, BSI 0.2470 0.0296 8.35

Female -0.0100 0.0021 -4.80

Length of stay 0.0248 0.0001 326.28

Comorbidities 0.0815 0.0004 223.42

Constant 7.8015 0.0248 315.15

65–74

C. difficile, non-MRDX 0.3041 0.0126 24.08 Number of observations: 403,732

F–statistic: 4,221.8

Probability >F: <.0001

R-squared: 0.578

Adj. R-squared: 0.578

MRSA, non-BSI 0.1842 0.0178 10.33

MRSA, BSI 0.3637 0.0296 12.30

Female -0.0012 0.0018 -0.65

Length of stay 0.0238 0.0001 388.35

Comorbidities 0.0796 0.0003 262.67

Constant 7.9524 0.0240 331.05

75 and older

C. difficile, non-MRDX 0.2631 0.0099 26.63 Number of observations: 606,518

F–statistic: 6,794.8

Probability >F: <.0001

R-squared: 0.595

Adj. R-squared: 0.595

MRSA, non-BSI 0.1815 0.0159 11.44

MRSA, BSI 0.3917 0.0275 14.25

Female 0.0065 0.0015 4.34

Length of stay 0.0215 0.0000 559.10

Comorbidities 0.0760 0.0002 328.88

Constant 8.3914 0.0243 345.42
Abbreviations: Adj., adjusted; BSI, bloodstream infection; CDI, Clostridioides difficile; MRDX, most responsible diagnosis; MRSA, methicillin-resistant Staphylococcus aureus
a All coefficients were statistically significant at the 1% confidence level except for sex in the 65–74 age group. Coefficients for the provincial/territorial and International Short List of Hospital Morbidity 
Tabulation dummies are not shown. Source: Health Canada, Policy Research, Economics and Analytics
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Table A2: Mortality regression results

Age group Independent 
variable Odds ratio Standard 

error Wald Chi-square Regression statistics

18–34

C. difficile, any 1.095 0.303 0.090 Number of observations: 398,445

Likelihood ratio: 6,205.05

Probability >F: <0.0001

R-squared: 0.016

Max-rescaled R-square: 0.4071

MRSA, non-BSI 0.684 0.371 1.049

MRSA, BSI 2.123 0.285 6.956

35–54

C. difficile, any 1.178 0.137 1.430 Number of observations: 401,292

Likelihood ratio: 19,382.09

Model significance: <0.0001

R-squared: 0.0472

Max-rescaled R-square: 0.3699

MRSA, non-BSI 0.901 0.181 0.330

MRSA, BSI 1.815 0.157 14.367

55–64

C. difficile, any 1.179 0.098 2.864 Number of observations: 326,065

Likelihood ratio: 27,465.87

Model significance: <0.0001

R-squared: 0.0808

Max-rescaled R-square: 0.3308

MRSA, non-BSI 0.838 0.172 1.059

MRSA, BSI 1.595 0.167 7.805

65–74

C. difficile, any 1.113 0.074 2.068 Number of observations: 403,732

Likelihood ratio: 44,814.01

Model significance: <0.0001

R-squared: 0.1051

Max-rescaled R-square: 0.3312

MRSA, non-BSI 0.884 0.129 0.904

MRSA, BSI 2.172 0.143 29.419

75 and older

C. difficile, any 1.584 0.047 95.419 Number of observations: 606,518

Likelihood ratio: 84,928.33

Model significance: <0.0001

R-squared: 0.1307

Max-rescaled R-square: 0.2888

MRSA, non-BSI 0.973 0.095 0.082

MRSA, BSI 1.715 0.126 18.212

Abbreviations: BSI, bloodstream infection; CDI, Clostridioides difficile; MRSA, methicillin-resistant Staphylococcus aureus
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