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CDC Vital Signs

Morbidity and Mortality Weekly Report (MMWR), March 2019
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HAI Type
Estimated Cost 

per Infection
Percent of Total 

Annual Cost

CLABSI $45,814 18.9

VAP $40,144 31.6

SSI $20,785 33.7

CDI $11,285 15.4

CAUTI $896 < 1

Total annual costs     $9.8 billion

Zimlichman, E., et al. Healthcare-associated infections: A meta-analysis of costs and financial impact on the US 
healthcare system. JAMA Intern Med 2013;22: 2039-2046.



5Weigelt et al. AJIC March 2010. 

SSI: Causative pathogens and associated outcomes

Patients with SSI: hospital stay is twice as long; more likely to require an ICU stay; 6 fold increase in 

readmissions; twice the in-hospital mortality; direct and indirect cost of SSI annually in US = 1 to 10 

billion
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Pathogen Number (%) SSI
THA

Number SSI = 146

TKA
Number SSI = 96

CBGB/CBGC
Number SSI = 74

S. aureus 49 (34) 39 (41) 22 (30)

S. epidermidis 14 (10) 10 (10) 3 (4)

E. faecalis 8 (5) 5 (5) 1 (1)

Data courtesy of Wisconsin Department of Health Services Division of Public Health

Pathogens Causing SSI, Wisconsin, 2018



Relationship between nasal colonization and 
subsequent infection with MSSA or MRSA

High levels of nasal carriage of S. aureus was the only independent risk factor for 
development of S. aureus surgical site infection (RR = 8.9) (Kalmeijer et al. ICHE, 
May 2000). 

Genetic studies revealed 80% of strains causing bloodstream infections among 
carriers of S. aureus were a match to strains isolated from the nares (Wertheim et 
al. The Lancet, August 2004)  (von Eiff et al. NEJM, January 2001).
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Next patient

Provider hands

Other providers hands

Environment 

Colonized patient (endogenous source: nares, skin)

Typical pathway of intraoperative MRSA transmission: Patients often served as a reservoir of origin for within- and 

between-case MRSA transmission, and the hands of attending anesthesiologists were often implicated as vectors for 

between-case MRSA transmission associated with provider-to-provider and provider-to-environment contamination.

Loftus et al. AJIC, May 2018



9Bode et al. Preventing Surgical-Site Infections in Nasal Carriers of Staphylococcus aureus N Engl J Med 2010; 362:9-17
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60% and 40% reduction in MRSA 

and MSSA SSI respectively, 

following preoperative 

staphylococcal screening and 

decolonization

Study period SSI = 0.19%

Control period SSI = 0.45%
P = 0.009
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Empirical treatment of all TJA surgical patients, or screen and treat strategies is a 

simple, safe, and cost effective intervention to reduce risk of SSI.

S. aureus decolonization with nasal mupirocin should be considered (Level II 
evidence). 



12

Guideline Recommendation

ACS/SIS SSI Guidelines, 2016 Update Decision about whether or not to implement global Staphylococcus
aureus screening and decolonization protocols should depend on

baseline SSI and MRSA rates. 

MRSA bundles (screening, decolonization, contact precautions,
hand hygiene) are highly effective if adhered to, otherwise there

is no benefit.

WHO Global Guidelines for SSI Prevention, 
2016

The panel recommends that patients undergoing cardiothoracic and orthopedic surgery with 
known nasal carriage of S. aureus should receive perioperative intranasal applications of 

mupirocin 2% ointment with or without a combination of CHG body wash. (Strong 
recommendation, moderate quality of evidence). 

ASHP Clinical Practice Guidelines for 
Antimicrobial Prophylaxis in Surgery, 2013 

For cardiac and orthopedic procedures with implants: Mupirocin should be given intranasally to 
all patients with documented S. aureus colonization. (Strength of evidence for prophylaxis = A).

WDPH Supplemental Guidance for Prevention 
of SSI, 2017

In the case of targeted screening, preoperative suppression may be considered for MSSA and 
MRSA colonized patients undergoing “at risk” surgical procedures, such as cardiovascular and 

vascular procedures with implantation of prosthetic grafts and orthopedic total joint procedures. 
The benefit of targeted screening and preoperative suppression in other device-related surgical 

procedures (i.e., implantation of neurosurgical hardware, hernia repair with mesh, etc.) is 
unknown and currently not supported by data.

CDC Guideline for the Prevention of SSI, 2017 Not addressed

Current guideline recommendations for staphylococcal decolonization among surgical patients



Wisconsin Division of Public Health 
Survey of Selected Inpatient Surgical Site Infection Prevention Practices

March 2017
Number (%) Responding “Yes”

Practice Colorectal

n = 97

Abdominal 

Hysterectomy

n = 91

Joint (hip, knee) 

Replacement

n = 99

Weight-based dosing of prophylactic

antibiotics

90 (93) 84 (93) 96 (97)

Re-dosing of prophylactic antibiotics 83 (86) 80 (88) 90 (91)

Oral antibiotics in mechanical bowel prep 65 (67) N/A N/A

Normothermia 88 (91) 83 (91) 89 (90)

CHG with 70% alcohol skin prep 88 (91) 79 (87) 84 (85)

CHG preoperative shower or cloth 

treatment

59 (61) 56 (62) 93 (94)

Use of Triclosan coated sutures 16 (16) 15 (16) 24 (24)

Staph decolonization N/A N/A 75 (76)
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Limitations of Staphylococcal screening 
and decolonization using antibiotic agents
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Mupirocin resistance

• Mupirocin resistance can be plasmid-mediated.

• Some evidence exits to suggest that widespread use in the community to treat 
and prevent community-associated infections increases mupirocin resistance. 

• High level mupirocin resistance is associated with decolonization failure.

• University of Toronto study--risk of decolonization failure was 9 times higher among 
patients with mupirocin-resistant organisms (Simor et al. CID 2007; 44 (2);178-185.) 

• Authors predicted that as more U. S. hospitals implement mupirocin for 
widespread and routine staphylococcal decolonization, mupirocin resistance will 
increase. 

16Patel J, Gorwitz R, Jernigan J. Mupirocin Resistance. CID, 49 (6), September 2009;935-941.
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“As mupirocin resistance can be plasmid-mediated, the prudent and appropriate use of this topical agent is 

important to minimize the ongoing development of resistance. Local surveillance for emerging mupirocin 

resistance appears warranted particularly in the United States and Canada… “



Current recommendations for mupirocin 
use in routine decolonization regimens

• 2013 Huang study: If this practice (universal decolonization) is widely 
implemented, vigilance for emerging resistance will be required.

• 2006 CDC Guidelines for Managing Patients with MDRO:  Routine decolonization 
is not recommended, however, when decolonization does occur, mupirocin 
antibiotic susceptibility testing should be performed each time patients undergo 
mupirocin decolonization to avoid treatment failures.

• 2009 CID mupirocin resistance article: A strategy for monitoring the prevalence of 
resistance should be developed and implemented whenever mupirocin is to be 
routinely used.

• 2013 ASHP guidelines: When decolonization therapy (e.g., mupirocin) is used as 
an adjunctive measure to prevent S. aureus SSI, surveillance of susceptibility of 
S. aureus isolated from SSIs to mupirocin is recommended.
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19Kluytmans et al. Clinical Microbiology Reviews. July 1997 

Limitations of screening for staphylococcal carriage

20 percent persistent carriers 20 percent almost never carriers60 percent intermittent carriers



Patient compliance with mupirocin
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84% mupirocin compliance
98% CHG bathing compliance



Antiseptic agents for use in 
perioperative decolonization regimens
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X
pre and post 
op PVI or 
alcohol nasal 
antiseptic for 
all orthopedic 
and cardiac 
surgical 
patients

X

X

X
X Monitoring 

mupirocin 
resistance

X
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S. aureus deep SSI mupirocin group = 0.6% 

S. aureus deep SSI PVI group =  0% (p = 0.03) 



QA 92 Poster Abstracts/American Journal of Infection Control 47 (2019) 
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Use of a nasal antiseptic decolonization agent instead 
of an antibiotic agent…

eliminates the need to perform pre-operative screening of selected surgical 
patients, 

covers intermittent carriers testing negative for staphylococcal nasal colonization at 
the time of screening,

allows for day-of-surgery decolonization by healthcare personnel, reducing reliance 
on patient compliance, 

eliminates the need to monitor mupirocin resistance or conduct antibiotic 
susceptibility testing, and

widespread use does not promote antibiotic resistance, therefore aligns with sound 
antibiotic stewardship practices.
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Health Research and Educational Trust, 2018

http://www.hret-hiin.org/Resources/ssi/18/surgical-site-infections-

change-package.pdf

Accessed September 2019.

Integrate CHG bathing and intranasal decolonization with 

mupirocin, povidone iodine nasal antiseptic, or alcohol-based 

nasal therapy into the decolonization protocol.

Centers for Disease Control and Prevention, 2019 

https://www.cdc.gov/hai/prevent/staph-prevention-strategies.html. 

Accessed September 2019.

For all patients undergoing high risk surgeries (e.g., 

cardiothoracic,  orthopedic, and neurosurgery), unless known to 

be S. aureus negative, use an intranasal anti-staphylococcal 

antibiotic/antiseptic and CHG wash or wipes prior to surgery.

ICU: Decolonize all patients with intranasal staphylococcal 

antibiotic/antiseptic plus topical CHG (core strategy).

Non-ICU: Decolonize patients with CVC or midline catheter with 

intranasal staphylococcal antibiotic/antiseptic plus topical CHG 

(supplemental strategy).

Organization recommendations for prevention of healthcare-onset S. aureus 
infections
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In summary…universal decolonization of 

orthopedic, neurosurgery, and cardiac surgical 

patients using a nasal antiseptic agent and CHG skin 

decolonization is an evidence-based, practical and 

cost-effective regimen for reducing MSSA and MRSA 

surgical site infections. 


