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Conclusion
• The incidence of MSSA BSIs with 

pIE have not changed but those 
with the IE have decreased over 
time.

• CZ IE is associated with ST-30 
suggesting a strain-specific 
phenomenon in MSSA BSIs with 
no association (P>0.99) between 
early and late infections.

• Population-based multi-year 
studies reveal IE and pIE 
phenotypes that, when 
combined with clinical data, can 
aid with understanding future 
patient outcomes.

ResultsIntroduction
• Staphylococcus aureus is one of the most common pathogens in hospital and community-

acquired infections making up 20-30% of all bloodstream infections (BSIs).1
• Cefazolin (CZ) is a first-generation cephalosporin used as the 1st line of therapy for MSSA BSIs 

due to its tolerability, minimal toxicity, and convenient dosing.2
• Some strains of MSSA have reduced susceptibility at high inoculum (HI: 5 x 107 CFU/mL) 

and/or resistance to CZ, the inoculum effect (IE) and pronounced inoculum effect (pIE), 
respectively.

• This study investigates the incidence of MSSA strains exhibiting IEs over time across a 
general population (1.4 million individuals).

Objectives
• Determine the prevalence of MSSA IEs causing BSIs in individuals residing in Calgary, Canada 

and its association with strain types and to provide a better understanding of HI CZ resistance 
in BSIs and ultimately, to understand how this influences clinical outcomes.

• Assess the stability of the IE phenotype in patients with recurrent MSSA BSI and its correlation 
with strain types.
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Figure 2 (on left): PFGE dendrogram of MSSA recurrent isolates 
from 2012-2014 and 2019. Highlighted is the most common 
strain type identified.

Methods

Year Population
Methicillin Sensitive Staphylococcus aureus

Total 
BSI IE IE per 

100,000 pIE pIE per 
100,000

MIC50 (μg/mL) MIC90 (μg/mL)
SI HI SI HI

2012 1,120,225 210 79 7.0 7 0.6 0.5 1 1 8

2013 1,156,686 272 79 7.0 13 1.1 0.5 1 1 8

2014 1,195,114 298 86 7.4 16 1.4 0.5 1 1 8

2019 1,285,711 260 61 4.8 10 0.8 0.5 1 1 4

A total of 1040 individuals were included in this study. Each 
experienced at least one episode of MSSA BSI. Year 2012 had 
the highest prevalence of IE and year 2014 had highest 
prevalence of pIE. The mean incidence rates of overall IE and pIE 
were 6.50 and 0.98 per 100,000 per person-years, respectively. 
(Figure 1)

• Comparing 2019-2012, rates of IE decreased significantly with 
an IRR of 0.67 (95% CI 0.47-0.95) but rates of pIE were not 
significantly changed (IEE 1.24; 95% CI 0.43-3.48).

A total of 128 isolates were typed using PFGE. (Figure 2). Out of 
57 individuals with recurrent infections, 44 presented the same 
strain type (ST) with the remaining having multiple strain types. 

• The most common STs identified were ST-30 (28.9%), ST-45 
(11.7%), ST-25 (10.2%), and ST-5 (8.6%) which are associated 
with pulsotype O, N, B, and H, respectively.

Figure 1 (on top): Frequency distribution of IE and pIE in MSSA 
isolates tested against cefazolin from 2012-2014 and 2019 in 
Calgary, Canada. 

Table 1: Summary of the total MSSA BSIs tested for CZ susceptibility between 2012-2014 and 2019 compared 
to population. Number of IE and pIE included alongside MIC50 and MIC90.

Staph SmaI SB

10
0

90807060

Staph SmaI SB

BA287-SAB084-27/05/2014
BA328-SAB046-16/12/2012

BA731-SAB134-02/07/2019

BA411-SAB089-14/07/2014
BA736-SAB133-20/04/2019

BA067-SAB036-16/08/2014

BA093-SAB029-10/11/2013
BA212-SAB025-31/05/2013

BA328-SAB048-10/12/2012

BA093-SAB030-04/12/2013
BA212-SAB040-23/11/2014

BA293-SAB044-14/10/2012

BA293-SAB047-06/12/2012

BA731-SAB111-08/08/2019
BA730-SAB106-06/03/2019

BA730-SAB127-23/05/2019

BA287-SAB049-24/12/2012
BA736-SAB117-23/08/2019

BA431-SAB098-07/11/2014

BA031-SAB013-25/02/2013
BA031-SAB014-17/04/2013

BA018-SAB021-13/09/2013

BA018-SAB026-18/10/2013

BA411-SAB103-30/12/2014
BA074-SAB004-04/07/2012

BA179-SAB024-18/08/2013

BA029-SAB039-05/07/2014
BA729-SAB115-17/08/2019

BA729-SAB126-29/05/2019

BA729-SAB119-10/10/2019
BA729-SAB121-05/12/2019

BA074-SAB016-14/03/2013

BA179-SAB019-25/02/2013

BA728-SAB125-07/06/2019
BA561-SAB083-13/05/2014

BA561-SAB091-12/08/2014

BA448-SAB064-26/07/2013
BA465-SAB073-29/12/2013

BA465-SAB074-03/01/2014

BA736-SAB120-15/13/2019
BA736-SAB132-15/06/2019

BA456-SAB078-17/02/2014

BA456-SAB099-27/11/2014

BA178-SAB038-11/08/2014
BA314-SAB067-22/08/2013

BA314-SAB069-22/11/2013

BA581-SAB065-19/08/2013
BA581-SAB081-25/04/2014

BA734-SAB130-05/04/2019

BA677-SAB085-28/05/2014
BA281-SAB062-18/07/2013

BA448-SAB101-04/12/2014

BA178-SAB018-09/04/2013

BA734-SAB116-21/08/2019
BA017-SAB020-24/05/2013

BA227-SAB012-21/12/2012

BA227-SAB052-19/01/2013
BA431-SAB057-10/04/2013

BA728-SAB113-15/08/2019

BA702-SAB092-08/10/2014
BA702-SAB095-31/10/2014

BA281-SAB102-19/12/2014

BA067-SAB037-25/09/2014
BA123-SAB023-04/09/2013

BA123-SAB033-28/05/2014

BA029-SAB003-03/05/2012

BA624-SAB100-01/12/2014
BA736-SAB118-16/09/2019

BA736-SAB135-26/07/2019

BA198-SAB034-03/08/2014
BA198-SAB035-05/08/2014

BA078-SAB028-25/01/2014

BA078-SAB031-16/04/2014
BA732-SAB109-10/06/2019

BA381-SAB066-14/08/2013

BA727-SAB124-25/01/2019

BA152-SAB122-05/04/2019
BA733-SAB110-15/07/2019

BA381-SAB071-11/12/2013

BA514-SAB075-19/02/2014
BA514-SAB080-11/04/2014

BA733-SAB129-16/04/2019

BA727-SAB112-14/08/2019
BA381-SAB059-17/06/2013

BA411-SAB097-31/10/2014

BA472-SAB050-28/12/2013

BA261-SAB058-07/05/2013
BA261-SAB060-29/06/2013

BA261-SAB070-26/11/2013

BA653-SAB054-19/03/2013
BA653-SAB055-23/03/2013

BA057-SAB010-19/10/2012

BA057-SAB011-29/10/2012
BA405-SAB061-11/07/2013

BA405-SAB063-17/07/2013

BA005-SAB002-30/08/2012

BA037-SAB008-01/10/2012
BA037-SAB009-18/12/2012

BA037-SAB015-02/04/2013

BA045-SAB022-10/05/2013
BA045-SAB027-20/11/2013

BA140-SAB005-22/06/2012

BA140-SAB017-22/01/2013
BA353-SAB076-02/03/2014

BA353-SAB079-04/04/2014

BA383-SAB001-22/01/2012
BA383-SAB045-30/11/2012

BA624-SAB043-07/07/2012

BA726-SAB123-16/05/2019

BA735-SAB108-20/04/2019
BA472-SAB056-27/03/2013

BA726-SAB114-17/08/2019

BA735-SAB107-13/03/2019
BA643-SAB077-26/03/2014

BA643-SAB087-13/06/2014

BA037-SAB032-02/07/2014
BA472-SAB082-27/04/2014

BA735-SAB131-09/01/2019

BA647-SAB086-28/05/2014

BA647-SAB090-01/08/2014
BA017-SAB007-24/12/2012

BA376-SAB042-23/09/2012

BA614-SAB093-12/10/2014
BA614-SAB094-12/10/2014

BA614-SAB096-23/10/2014

BA286-SAB068-17/11/2013
BA286-SAB088-15/06/2014

BA376-SAB041-28/08/2012

BA398-SAB051-07/01/2013

BA398-SAB053-02/03/2013
BA005-SAB006-17/12/2012

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

N
N

N

N
N

N

N
N

N

N
N

N

N

N
N

N

N
N

C

C

C
C

C

C
C

C

C

C

C

B
B

B

B
B

B

B

B

B

B

H

H

H
H

H

H

H

H

M

M

K

K
K

K

K

K

O
O

O

O
O

O

O

O
O

O

O
O

O

O
O

O

O
O

O

O

O
O

O

O
O

O

O
O

O

O

O

O
O

O

Staph SmaI SB

10
0

90807060

Staph SmaI SB

BA287-SAB084-27/05/2014
BA328-SAB046-16/12/2012

BA731-SAB134-02/07/2019

BA411-SAB089-14/07/2014
BA736-SAB133-20/04/2019

BA067-SAB036-16/08/2014

BA093-SAB029-10/11/2013
BA212-SAB025-31/05/2013

BA328-SAB048-10/12/2012

BA093-SAB030-04/12/2013
BA212-SAB040-23/11/2014

BA293-SAB044-14/10/2012

BA293-SAB047-06/12/2012

BA731-SAB111-08/08/2019
BA730-SAB106-06/03/2019

BA730-SAB127-23/05/2019

BA287-SAB049-24/12/2012
BA736-SAB117-23/08/2019

BA431-SAB098-07/11/2014

BA031-SAB013-25/02/2013
BA031-SAB014-17/04/2013

BA018-SAB021-13/09/2013

BA018-SAB026-18/10/2013

BA411-SAB103-30/12/2014
BA074-SAB004-04/07/2012

BA179-SAB024-18/08/2013

BA029-SAB039-05/07/2014
BA729-SAB115-17/08/2019

BA729-SAB126-29/05/2019

BA729-SAB119-10/10/2019
BA729-SAB121-05/12/2019

BA074-SAB016-14/03/2013

BA179-SAB019-25/02/2013

BA728-SAB125-07/06/2019
BA561-SAB083-13/05/2014

BA561-SAB091-12/08/2014

BA448-SAB064-26/07/2013
BA465-SAB073-29/12/2013

BA465-SAB074-03/01/2014

BA736-SAB120-15/13/2019
BA736-SAB132-15/06/2019

BA456-SAB078-17/02/2014

BA456-SAB099-27/11/2014

BA178-SAB038-11/08/2014
BA314-SAB067-22/08/2013

BA314-SAB069-22/11/2013

BA581-SAB065-19/08/2013
BA581-SAB081-25/04/2014

BA734-SAB130-05/04/2019

BA677-SAB085-28/05/2014
BA281-SAB062-18/07/2013

BA448-SAB101-04/12/2014

BA178-SAB018-09/04/2013

BA734-SAB116-21/08/2019
BA017-SAB020-24/05/2013

BA227-SAB012-21/12/2012

BA227-SAB052-19/01/2013
BA431-SAB057-10/04/2013

BA728-SAB113-15/08/2019

BA702-SAB092-08/10/2014
BA702-SAB095-31/10/2014

BA281-SAB102-19/12/2014

BA067-SAB037-25/09/2014
BA123-SAB023-04/09/2013

BA123-SAB033-28/05/2014

BA029-SAB003-03/05/2012

BA624-SAB100-01/12/2014
BA736-SAB118-16/09/2019

BA736-SAB135-26/07/2019

BA198-SAB034-03/08/2014
BA198-SAB035-05/08/2014

BA078-SAB028-25/01/2014

BA078-SAB031-16/04/2014
BA732-SAB109-10/06/2019

BA381-SAB066-14/08/2013

BA727-SAB124-25/01/2019

BA152-SAB122-05/04/2019
BA733-SAB110-15/07/2019

BA381-SAB071-11/12/2013

BA514-SAB075-19/02/2014
BA514-SAB080-11/04/2014

BA733-SAB129-16/04/2019

BA727-SAB112-14/08/2019
BA381-SAB059-17/06/2013

BA411-SAB097-31/10/2014

BA472-SAB050-28/12/2013

BA261-SAB058-07/05/2013
BA261-SAB060-29/06/2013

BA261-SAB070-26/11/2013

BA653-SAB054-19/03/2013
BA653-SAB055-23/03/2013

BA057-SAB010-19/10/2012

BA057-SAB011-29/10/2012
BA405-SAB061-11/07/2013

BA405-SAB063-17/07/2013

BA005-SAB002-30/08/2012

BA037-SAB008-01/10/2012
BA037-SAB009-18/12/2012

BA037-SAB015-02/04/2013

BA045-SAB022-10/05/2013
BA045-SAB027-20/11/2013

BA140-SAB005-22/06/2012

BA140-SAB017-22/01/2013
BA353-SAB076-02/03/2014

BA353-SAB079-04/04/2014

BA383-SAB001-22/01/2012
BA383-SAB045-30/11/2012

BA624-SAB043-07/07/2012

BA726-SAB123-16/05/2019

BA735-SAB108-20/04/2019
BA472-SAB056-27/03/2013

BA726-SAB114-17/08/2019

BA735-SAB107-13/03/2019
BA643-SAB077-26/03/2014

BA643-SAB087-13/06/2014

BA037-SAB032-02/07/2014
BA472-SAB082-27/04/2014

BA735-SAB131-09/01/2019

BA647-SAB086-28/05/2014

BA647-SAB090-01/08/2014
BA017-SAB007-24/12/2012

BA376-SAB042-23/09/2012

BA614-SAB093-12/10/2014
BA614-SAB094-12/10/2014

BA614-SAB096-23/10/2014

BA286-SAB068-17/11/2013
BA286-SAB088-15/06/2014

BA376-SAB041-28/08/2012

BA398-SAB051-07/01/2013

BA398-SAB053-02/03/2013
BA005-SAB006-17/12/2012

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

N
N

N

N
N

N

N
N

N

N
N

N

N

N
N

N

N
N

C

C

C
C

C

C
C

C

C

C

C

B
B

B

B
B

B

B

B

B

B

H

H

H
H

H

H

H

H

M

M

K

K
K

K

K

K

O
O

O

O
O

O

O

O
O

O

O
O

O

O
O

O

O
O

O

O

O
O

O

O
O

O

O
O

O

O

O

O
O

O


