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Objectives

● Background:
● Review HAI point estimation
● Explain standardized infection ratio (SIR)
● Describe SIR calculations

● Describe structure of Tennessee’s report 
on HAI
● Draft examples



Point Estimate

● What you get when you calculate HAI rates
● Turns surveillance “data” into decision making 

“information”
● Expresses surveillance information in numerical 

terms or metrics

Numerator

Denominator
X Constant



Type of rate that accounts for differences in 
follow-up (exposure) time for each person 
included in the at-risk population.
Numerator is number of new cases of disease. 
Denominator is “person-time” units.

Example 1:
Central line-associated BSI (CLABSI) rate

12 CLABSIs

4,000 central line-days
X 1,000 = 3.0

Incidence Density Rate



Example CLABSI Rate Table

Local CLABSI Rates
Aggregate CLABSI Rate

p-values for local vs. aggregate

Percentile rank among all units



Example 2:
Surgical site infection rate:

A fraction in which the numerator is included 
within the denominator
− Numerator is the magnitude of the part
− Denominator is the magnitude of the whole
− Often expressed as a percent

Proportion

4 SSI in hysterectomy patients

280 women undergoing 
hysterectomy

X 100 = 1.4%



Example SSI Rate Table

Local SSI Rates Aggregate SSI Rate
p-value for local vs. aggregate

Percentile rank among all hospitals



Standardized Infection 
Ratio (SIR)



Standardized Infection Ratio?

● Standardized Infection Ratio, SIR, is a 
summary measure used to compare the 
HAI experience among one or more 
groups of patients to that of a standard 
population’s (e.g. NHSN)

● Indirect standardization method
● Accounts for differences in risk of HAI 

among the groups



Standardized Infection Ratio (SIR)

● Ratio of Observed to Expected 
infections

● Risk-adjusted summary measure 
● Used to compare overall HAI rates 

of any two patient cohorts, 
groups, or hospitals



● To calculate O, sum the number of HAIs 
among a group

● To calculate E, requires the use of the 
appropriate aggregate data (risk-adjusted 
rates)

SIR = Observed (O) HAIs
Expected (E) HAIs

Calculating an SIR



Central Line-associated 
Bloodstream Infections

Calculating the SIR



Edwards JR et al. Am J Infect Control 2008;36:609-26.

Annual NHSN Report



Edwards JR et al. Am J Infect Control 2008;36:609-26.

Annual NHSN Report



Type of 
Location

# 
CLABSI

# Central 
line-days

CLABSI
Rate

NHSN 
Rate

p-
value

Coronary 2 380 5.26 2.1 0.09

Cardiothoracic 1 257 3.89 1.4 0.15
Medical 3 627 4.78 2.4 0.11
Med/Surg, 
major teaching

2 712 2.81 2.0 0.32

Total 8 1,976 4.05 --- ---

Example CLABSI Rate Table 
Hospital A



Type of 
Location

# 
CLABSI

# Central 
line-days

CLABSI
Rate

NHSN 
Rate

p-value Expected 
# of 
CLABSI

Coronary 2 380 5.26 2.1 0.09 0.80

Cardiothoracic 1 257 3.89 1.4 0.15
Medical 3 627 4.78 2.4 0.11
Med/Surg, 
major teaching

2 712 2.81 2.0 0.32

Total 8 1,976 4.05 --- ---

Example CLABSI Rate Table 
Hospital A

Expected Number  =  380 * (2.1 / 1,000) = 380 * 0.0021 = 0.8
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Example CLABSI Rate Table 
Hospital A
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Observed        8 Standardized Infection Ratio (SIR) =                     =      =  2.14Expected       3.73
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Interpreting an SIR

● If SIR = 1, or O = E, observed CLABSIs
equals the expected CLABSIs based on 
NHSN

● If SIR is significantly  >1, this suggests 
the institution may need further 
investigation for the contributing ICUs/ 
locations



Hospital SIRs Compared to 1

Hospital SIR p-
value

Status 
group

A 1.2 0.12 Same

B 0.9 0.23 Same

C 2.7 0.001 High

D 0.7 0.002 Low

E 1.5 0.001 High



Hospital SIRs Compared to 1

Hospital SIR 95% 
Confidence 
Interval

Status 
group

A 1.2 0.7-2.4 Same

B 0.9 0.4-1.6 Same

C 2.7 2.3-3.8 High

D 0.7 0.3-0.9 Low

E 1.5 1.3-1.9 High



Confidence Interval for SIR
● A (1 – α)100% confidence interval for p

● Example normal curve values
90% confidence z.05 = 1.645
95% confidence z.025 = 1.96
99% confidence z.005 = 2.58
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Tennessee’s Report on HAI

Time Period: Jan.- Dec. 2008
CLABSI data
– Adult and pediatric ICUs
– NOT include NICU data 

Only have 6 months of data (Jul. ’08- Dec. ’08)
Reference Population
– NHSN national data (2006-2007) 

Published in AJIC, 2008
Reference population within NHSN application



Tennessee’s Report on HAI

Descriptive epidemiology of CLABSIs in 
ICUs in Tennessee
– CLABSI rate by type of ICU and compare to 

national NHSN CLABSI rate by ICU type
State-wide
By grand division (West, Middle, East)

– Organisms (Name, Number, Proportion)



Tennessee’s Report on HAI

CLABSI rate by ICU type, named facility
– Number of infections, 
– Number of central line days
– Rate per 1,000 central line days
– Graphical representation

Point estimate + 95% confidence intervals, 
Line indicating national (NHSN 2006-7) pooled mean,
Line indicating Tennessee pooled mean
Color coded to reflect statistical significance 
(compared to national (NHSN- 2006-7) pooled mean



Example of CLABSI Rate by 
ICU Type (draft)



Hospital A

Hospital B

Hospital C

Hospital D

Hospital E

Hospital F

Hospital G



Hospital A

Hospital B

Hospital C

Hospital D

Hospital E

Hospital F

Hospital G

Tennessee: Reportable Period: Jan- Dec 2008



Hospital A

Hospital B

Hospital C

Hospital D

Hospital E

Hospital F

Hospital G

Type of ICU: Med-Surg in Major Teaching Hospitals



Hospital A

Hospital B

Hospital C

Hospital D

Hospital E

Hospital F

Hospital G

Name of Facility (Campus) in Alphabetical Order



Hospital A

Hospital B

Hospital C

Hospital D

Hospital E

Hospital F

Hospital G

Number of CLABSIs identified in 2008 
In med-surg ICU (major teaching hospitals)



Hospital A

Hospital B

Hospital C

Hospital D

Hospital E

Hospital F

Hospital G

Number of Central Line Days per Facility in the
Med-Surg ICU 



Hospital A

Hospital B

Hospital C

Hospital D

Hospital E

Hospital F

Hospital G

CLABSI Rate per Facility (Med-Surg ICU)



Hospital A

Hospital B

Hospital C

Hospital D

Hospital E

Hospital F

Hospital G

Point Estimate for CLABSI Rate
In Med-Surg ICU (8.5 for Hospital A)



Hospital A

Hospital B

Hospital C

Hospital D

Hospital E

Hospital F

Hospital G

NHSN Pooled Mean for 2006-7 (=2.0) for 
Med-Surg ICU (major teaching hospital)



Hospital A

Hospital B

Hospital C

Hospital D

Hospital E

Hospital F

Hospital G

Tennessee Pooled Mean for 2008 for 
Med-Surg ICU (major teaching hospital)



Hospital A

Hospital B

Hospital C

Hospital D

Hospital E

Hospital F

Hospital G

95% Confidence Interval for Hospital A, 
Not significantly different vs. NHSN pooled mean



Hospital A

Hospital B

Hospital C

Hospital D

Hospital E

Hospital F

Hospital G

95% Confidence Interval for Hospital G, 
Significantly HIGHER vs. NHSN pooled mean



SIR per Facility for CLABSIs

Summary Measure for 
CLABSIs for Each 
Facility



Hospital A
Hospital B
Hospital C
Hospital D
Hospital E
Hospital F
Hospital G
Hospital H
Hospital I
Hospital J
Hospital K
Hospital L
Hospital M
Hospital N
Hospital O
Hospital P
Hospital Q
Hospital R
Hospital S
Hospital T
Hospital U
Hospital V

Hospital W
Hospital X
Hospital Y





Standardized Infection Ratio [SIR]
Summary measure for each facility



Reportable Period : Jan 1- Dec 31, 2008



Name of Hospital/Campus
All Hospitals that were required to report
CLABSI in any ICU type (alphabetical)



Total number of CLABSIs observed in each
facility across all monitored ICUs 



Total number of expected CLABSIs in each
facility across all monitored ICUs 



Standardized infection ratio [SIR] for each 
Facility (observed/expected) 



Point estimate of the SIR.  
For Hospital A, point estimate = 0 



95% confidence interval for SIR,
For Hospital A, crosses “1” i.e., not 
Significantly different to NHSN 2006-7 data 



95% confidence interval for SIR,
For Hospital C, does NOT cross “1”
Significantly LESS than NSHN 2006-2007



95% confidence interval for SIR,
For Hospital D, does NOT cross “1”
Significantly HIGHER than NSHN 2006-2007



NA– SIR is not shown for Hospital G, 
Total number of central line days for 
Hospital G were LESS than 50 



Questions?
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