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ObjectivesObjectives

Epidemiology and impact of MRSA healthcare Epidemiology and impact of MRSA healthcare 
associated infections (associated infections (HAIsHAIs))
Description of guidelines for control of MDRODescription of guidelines for control of MDRO
Active Surveillance and Contact PrecautionsActive Surveillance and Contact Precautions
Additional measures that are important for controlAdditional measures that are important for control

Environmental cleaningEnvironmental cleaning
Dedicated equipmentDedicated equipment
Hand hygieneHand hygiene

Other adjunctive measuresOther adjunctive measures



Increasing Rates of HAI Bloodstream Increasing Rates of HAI Bloodstream 
infections due to infections due to Staphylococcus aureusStaphylococcus aureus

273% increase in 273% increase in S. aureusS. aureus HAI BSI in a study HAI BSI in a study 
that compared 1980that compared 1980--83 to 199083 to 1990--9393

MRSA increased from 1.5% to 31.7%MRSA increased from 1.5% to 31.7%
Increase in absolute number of infectionsIncrease in absolute number of infections
1 of 65 (19801 of 65 (1980--83) vs. 73 of 230 (199083) vs. 73 of 230 (1990--93)93)



Is there a problem with MRSA Is there a problem with MRSA 
HAIsHAIs??
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Fridkin. Clin Chest Med. 1999;20:303. 
NNIS reports in AJIC (2000-2004)

Fridkin. Clin Chest Med. 1999;20:303. 
NNIS reports in AJIC (2000-2004)



Outcome of MRSA / MSSA Bacteremia: Outcome of MRSA / MSSA Bacteremia: 
MortalityMortality
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Outcomes of Outcomes of HAIsHAIs: MRSA vs. MSSA: MRSA vs. MSSA
ReferenceReference Excess costExcess cost

Excess length of Excess length of 
stay (days)stay (days)

Abramson, ICHE Abramson, ICHE 
19991999

LodiseLodise, , DiagDiag Micro Micro 
InfInf DisDis, 2005, 2005

EngemannEngemann, CID, 2003, CID, 2003

ShorrShorr, , CritCrit Care, 2006Care, 2006

$17,000$17,000 88

2.0 fold higher2.0 fold higher
$9,099$9,099

1.5 fold longer1.5 fold longer
4.94.9

SSISSI 1.2 fold higher 1.2 fold higher 
$13,901$13,901

55

VAP VAP $7,731$7,731
3.8 (overall)3.8 (overall)
5.3 (ICU)5.3 (ICU)
4.4 (MV)4.4 (MV)

BSIBSI

MV  = mechanical ventilation



Guidelines for Control of Guidelines for Control of 
MultidrugMultidrug--Resistant OrganismsResistant Organisms

1996 1996 –– CDC guidelinesCDC guidelines
recommend contact isolation for recommend contact isolation for ““patients known or suspected patients known or suspected 
to be infected or colonized with epidemiologically important to be infected or colonized with epidemiologically important 
microorganisms.microorganisms.””

Garner, et al. ICHE 1996;17:53.Garner, et al. ICHE 1996;17:53.

2003 2003 –– SHEA guidelines SHEA guidelines 
recommend that all healthcare facilities try to control MRSA & recommend that all healthcare facilities try to control MRSA & 
VRE by identifying colonized patients with active surveillance VRE by identifying colonized patients with active surveillance 
cultures so they can be cared for using contact precautionscultures so they can be cared for using contact precautions

Muto et al, ICHE 2003;24:362Muto et al, ICHE 2003;24:362--386386



Guidelines for Control of Guidelines for Control of 
MultidrugMultidrug--Resistant OrganismsResistant Organisms

October 2006October 2006
CDC released updated guidelinesCDC released updated guidelines
http://www.cdc.gov/ncidod/dhqp/pdf/ar/mhttp://www.cdc.gov/ncidod/dhqp/pdf/ar/m
droGuideline2006.pdfdroGuideline2006.pdf
Address MRSA, VRE and Address MRSA, VRE and multidrugmultidrug--resistant  resistant  
Gram negative rods (MDRGram negative rods (MDR--GNR)GNR)
Summary tablesSummary tables

http://www.cdc.gov/ncidod/dhqp/pdf/ar/mdroGuideline2006.pdf
http://www.cdc.gov/ncidod/dhqp/pdf/ar/mdroGuideline2006.pdf






Theory of Active SurveillanceTheory of Active Surveillance

What is active surveillance?What is active surveillance?
Detection of asymptomatic or Detection of asymptomatic or subclinicalsubclinical state in a group of state in a group of 
persons who are at risk but would not otherwise be identifiedpersons who are at risk but would not otherwise be identified

For patients identified by the active surveillance an For patients identified by the active surveillance an 
intervention can be doneintervention can be done

Early treatmentEarly treatment
IsolationIsolation
CohortingCohorting

Goal to prevent development of diseaseGoal to prevent development of disease



Colonization vs. InfectionColonization vs. Infection

Colonization: presence of microorganisms in or Colonization: presence of microorganisms in or 
on a host with growth and multiplication, but on a host with growth and multiplication, but 
without tissue invasion or damagewithout tissue invasion or damage

Infection: the entry and multiplication of Infection: the entry and multiplication of 
microorganisms in the tissues of the host leading microorganisms in the tissues of the host leading 
to signs and local or systemic symptomsto signs and local or systemic symptoms



How does Active Surveillance apply How does Active Surveillance apply 
to MRSA?to MRSA?

Asymptomatic, carrier state occursAsymptomatic, carrier state occurs
InterventionIntervention

contact precautions (isolation)contact precautions (isolation)
gown, gloves and appropriate hand hygienegown, gloves and appropriate hand hygiene

Intended outcomeIntended outcome
Prevention of transmissionPrevention of transmission
Prevention of infectionPrevention of infection



MRSA: Asymptomatic Patients MRSA: Asymptomatic Patients 
ExistExist

Clinical Clinical cxscxs
15% of pts with (+) 15% of pts with (+) 
surveillance cultures (95% CI surveillance cultures (95% CI 
11.911.9--18.8%)18.8%)

30% 30% -- no clinical no clinical cxcx
Days unDays un--isolated  = 3247 isolated  = 3247 
day or 7.4 d/ptday or 7.4 d/pt
84% of patients would have 84% of patients would have 
escaped detection if only escaped detection if only 
clinical clinical cxscxs usedused
Duration of unDuration of un--isolationisolation

11 days/pt11 days/pt
81% of all isolation days in 81% of all isolation days in 
the study groupthe study group

Clinical 
Infections

Colonized  
(asymptomatic) 

Pts

Salgado et al., ICHE 2006;27:116-21
Lucet et al., ICHE 2005;26:121-6



Colonized Patients are Reservoir for Colonized Patients are Reservoir for 
TransmissionTransmission

Both infected and 
colonized pts contaminate 
their environment with the 
same relative frequency



CACA--MRSA: Impact on Active MRSA: Impact on Active 
SurveillanceSurveillance

Spreading in the communitySpreading in the community
USAUSA--300, USA300, USA--400400
mecAmecA type IVtype IV
PVL and other toxinsPVL and other toxins

Causes skin and soft tissue infectionsCauses skin and soft tissue infections
Can cause severe invasive diseaseCan cause severe invasive disease

high morbidity and high moralityhigh morbidity and high morality
Can spread in the healthcare settingCan spread in the healthcare setting
What does it mean for hospital infection control?*What does it mean for hospital infection control?*

Want to avoid nosocomial transmission of CAWant to avoid nosocomial transmission of CA--MRSAMRSA
Probably changes high risk groups that need screeningProbably changes high risk groups that need screening

Karchmer, CID 2005;15:167-9



Need to screen for MRSA Need to screen for MRSA 
colonization, but who?colonization, but who?

High risk patientsHigh risk patients
Exposure to health careExposure to health care

Previous hospitalizationPrevious hospitalization
Length of stay in the hospitalLength of stay in the hospital
Transfer from other health care facilitiesTransfer from other health care facilities
Exposure to particular high risk unitsExposure to particular high risk units

Maybe facility specificMaybe facility specific
ICUs, dialysis units, other specialized unitsICUs, dialysis units, other specialized units

Exposure to antimicrobialsExposure to antimicrobials
Other Other MDROsMDROs
For CAFor CA--MRSA MRSA –– Skin/soft tissue infections, congregate Skin/soft tissue infections, congregate 
settings, MSM, sports teams settings, MSM, sports teams ––
? All admissions?? All admissions?



Interventions for Colonized Interventions for Colonized 
PatientsPatients

Contact PrecautionsContact Precautions
CohortingCohorting
DecolonizationDecolonization



Contact PrecautionsContact Precautions

Gloves to enter patient roomGloves to enter patient room
Gowns to enter the room Gowns to enter the room 
Hand hygieneHand hygiene
Dedicated equipment Dedicated equipment –– stethoscopesstethoscopes
Private room or Private room or cohortedcohorted

Isolate on readmissionIsolate on readmission



Other Affiliated Control MeasuresOther Affiliated Control Measures

Hand Hygiene (of course)Hand Hygiene (of course)
Environmental cleaning and disinfectionEnvironmental cleaning and disinfection



Survival of MRSA/VRE in the Survival of MRSA/VRE in the 
environmentenvironment

Duration of survival of MRSA in dry conditionsDuration of survival of MRSA in dry conditions11

Plastic charts = 11 daysPlastic charts = 11 days
Laminated tabletop = 12 daysLaminated tabletop = 12 days
Cloth curtains = 9 daysCloth curtains = 9 days

Environmental survival of VREEnvironmental survival of VRE22

50% survival at 7 days on upholstery, furniture and wall 50% survival at 7 days on upholstery, furniture and wall 
coveringscoverings
VRE could be transferred easily by touching contaminated VRE could be transferred easily by touching contaminated 
surfacessurfaces

1. Huang et al., Infect Control Hosp 1. Huang et al., Infect Control Hosp EpidemiolEpidemiol 2006;27:12672006;27:1267--6969
2. Lankford et al., Am J Infect Control 2006;34:2582. Lankford et al., Am J Infect Control 2006;34:258--6363



Impact of environmental contaminationImpact of environmental contamination

Increased risk of VRE/MRSA for patients in Increased risk of VRE/MRSA for patients in 
presence of environmental contaminationpresence of environmental contamination

Placement in room with VRE contamination Placement in room with VRE contamination 
increased risk in multivariate analysisincreased risk in multivariate analysis11

Excess risk of acquisitionExcess risk of acquisition22

5.1% for MRSA5.1% for MRSA
6.8% for VRE6.8% for VRE

1. Martinez et al., Arch Intern Med 2003;163:19051. Martinez et al., Arch Intern Med 2003;163:1905--1212
2. Huang et al., Arch Intern Med 2006;166:19452. Huang et al., Arch Intern Med 2006;166:1945--5151



Cleaning of the environmentCleaning of the environment

““BucketBucket”” cleaning using wet (not damp) cloth is cleaning using wet (not damp) cloth is 
more effective in removing VRE from the more effective in removing VRE from the 
hospital environment.hospital environment.

Byers et al., Infect Control Hosp Byers et al., Infect Control Hosp EpidemiolEpidemiol 1998;19:2611998;19:261--44..
Use of fluorescent markers demonstrated Use of fluorescent markers demonstrated 
inadequate cleaning in approximately 50% of inadequate cleaning in approximately 50% of 
roomsrooms

Carling et al., Am J Infect Control 2006;54:531Carling et al., Am J Infect Control 2006;54:531--99



Outcomes: Active Surveillance Outcomes: Active Surveillance 
Controls MRSA Controls MRSA BSIsBSIs

Huang et al., CID 2006;43:971-8



Outcome of Active Surveillance: Outcome of Active Surveillance: 
MRSA MRSA HAIsHAIs

400 bed tertiary care 400 bed tertiary care 
facilityfacility
High risk screening for High risk screening for 
MRSAMRSA

All ICU admissionsAll ICU admissions
Transfer from another Transfer from another 
hospital or LTCFhospital or LTCF
Readmit within 30 daysReadmit within 30 days
Nephrology service

Results: MRSA HAIResults: MRSA HAI
0.76 to 0.46/1000 pt0.76 to 0.46/1000 pt--daysdays
39% reduction39% reduction
p = .05p = .05

Nephrology service

West et al., ICHE 2006;27:233-8



Outcome: Universal Surveillance and Outcome: Universal Surveillance and 
Decolonization (USD) on MRSA HAI BSIDecolonization (USD) on MRSA HAI BSI
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MRSA
Others*Evanston Evanston 

Northwestern Northwestern 
HospitalHospital
Screened all Screened all 
admissions with PCRadmissions with PCR
Pts with MRSAPts with MRSA

ChlorhexidineChlorhexidine bath bath 
QOD X 3 bathsQOD X 3 baths
MupirocinMupirocin bid X 5 bid X 5 
days

1.6 fold decrease in MRSA BSI, p = 0.02

No change in other HAI BSIs

* other organisms that commonly cause HAI 
BSIsdays

Robicsek et al., IDSA 2006, Abstract 142



Screening Methods for Detection of Screening Methods for Detection of 
MRSA ColonizationMRSA Colonization

Traditional Traditional 
culture culture 

Combined culture plus Combined culture plus 
rapid testingrapid testing

Rapid Rapid 
testingtesting

Turn around Turn around 
time (hours)time (hours) 48 48 –– 7272 2424 22

Isolate Isolate 
availableavailable YesYes YesYes NoNo

DetailsDetails Chromogenic agars, PCR Chromogenic agars, PCR 
from oxacillinfrom oxacillin-- enhanced enhanced 
broth, PCR from culturebroth, PCR from culture

Real time Real time 
PCRPCR



ChromagenicChromagenic AgarsAgars

Selective media with antimicrobial to inhibit Selective media with antimicrobial to inhibit 
grow of sensitive grow of sensitive S. S. aureusaureus
Color changeColor change
Colonies with color change at 24 hours = Colonies with color change at 24 hours = 
MRSAMRSA
Negative required 48 hours Negative required 48 hours 
to confirmto confirm



PCR based test for MRSAPCR based test for MRSA
Nasal specimens
Collected by nursing as part of an active surveillance program

Sensitivity Sensitivity 
(95% CI)(95% CI)

Specificity Specificity 
(95% CI)(95% CI)

Positive Positive 
Predictive Predictive 

ValueValue

Negative Negative 
Predictive Predictive 

ValueValue

Broth Broth 
EnhancementEnhancement

93.893.8
(81.8, 98.4)(81.8, 98.4)

97.0 97.0 
(95.2, 98.2)(95.2, 98.2)

71.4 71.4 
(58.5, 81.8)(58.5, 81.8)

99.5 99.5 
(98.4, 99.9)(98.4, 99.9)

Benefit of high negative predictive value in the Benefit of high negative predictive value in the 
setting of an active surveillance program setting of an active surveillance program 

Very low number of false negativesVery low number of false negatives

Ohl et al., ASM 2006, Abstract C-047



Molecular Target: Molecular Target: MRSA DNAMRSA DNA

SCCSCCmecmec primersprimers
(MR)(MR)

S. aureus primer
(SA)

SCCSCCmecmec
S. aureus

chrom

orfXorfX

Molecular
beacon

Amplification

MRSA amplicon
Courtesy of J Jordan, U Pittsburgh



Molecular Target: Molecular Target: MSSA DNAMSSA DNA

orfXorfX S. aureus
chrom

S. aureus primer
(SA)

Molecular
beaconSCCSCCmecmec primersprimers

(MR)(MR)

NO Amplification

NO DETECTION

Courtesy of J Jordan, U Pittsburgh



Molecular Target: Molecular Target: MRMR--CoNSCoNS DNADNA

SCCmecSCCmec

SCCmecSCCmec primersprimers
(MR)(MR) S. aureus primer

(SA)Molecular
beacon

NO Amplification

NO DETECTION

Courtesy of J Jordan, U Pittsburgh



Benefits of Rapid Identification (PCR) Benefits of Rapid Identification (PCR) 
Compared with Traditional CultureCompared with Traditional Culture

Rapid turn around timeRapid turn around time
Traditional culture: 48 Traditional culture: 48 -- 72 hours72 hours
Real time PCR: 2 hoursReal time PCR: 2 hours

High negative predictive valueHigh negative predictive value

Allows for rapid initiation of contact precautionsAllows for rapid initiation of contact precautions

Consideration of other interventionsConsideration of other interventions
Chlorhexidine/mupirocinChlorhexidine/mupirocin



Benefits of Rapid Identification (PCR) Benefits of Rapid Identification (PCR) 
Compared with Traditional CultureCompared with Traditional Culture

Environmental ServicesEnvironmental Services
Rooms with patients with MRSA require enhanced terminal Rooms with patients with MRSA require enhanced terminal 
cleaningcleaning11

60% to 80% of pts move between the time their 60% to 80% of pts move between the time their 
surveillance specimen is collected and the results are surveillance specimen is collected and the results are 
available (at WFUBMC)available (at WFUBMC)
Acquisition of MRSA is increased for patients in a room Acquisition of MRSA is increased for patients in a room 
that was previously occupied by a pt colonized with MRSAthat was previously occupied by a pt colonized with MRSA

OR = OR = 1.41.4, p = 0.03, p = 0.03

1Byers et al., ICHE 1998;19:261-4 
2Huang et al., Arch Intern Med 2006;166:    
1945-51



Benefits of Rapid Identification (PCR) Benefits of Rapid Identification (PCR) 
Compared with Traditional CultureCompared with Traditional Culture

Soft benefitsSoft benefits
Improved HCW satisfactionImproved HCW satisfaction



Adjunctive Therapy for MRSAAdjunctive Therapy for MRSA

ChlorhexidineChlorhexidine plus intranasal plus intranasal mupirocinmupirocin
10 month period in MICU compared with 10 month period in MICU compared with 
baseline from previous yearbaseline from previous year
Decreased MRSA transmission by 52% (2.5% Decreased MRSA transmission by 52% (2.5% 
to 1.2%, p = 0.04)to 1.2%, p = 0.04)

Ridenour et al., SHEA 2005: abstract #21Ridenour et al., SHEA 2005: abstract #21



Impact of presumptive isolation on Impact of presumptive isolation on 
spread of VREspread of VRE

Perencevich et al. Clin Infect Dis 2004;1108-15.



Economic Analysis of Active Economic Analysis of Active 
SurveillanceSurveillance

Compare: Compare: 
Costs of testing and isolationCosts of testing and isolation

VS.VS.
Potential savings from avoided infections Potential savings from avoided infections 

New CPT codes for molecular diagnostics may New CPT codes for molecular diagnostics may 
also impact balancealso impact balance



CostCost--Analysis of Active SurveillanceAnalysis of Active Surveillance
Assumptions:Assumptions:

3434--bed general medical unit for a yearbed general medical unit for a year
Canadian $$Canadian $$

Total cost of surveillanceTotal cost of surveillance
cultureculture--based = $5,517based = $5,517
PCR based = $38,325PCR based = $38,325

Attributable cost of infection = $10,000 Attributable cost of infection = $10,000 –– $16,000$16,000
Cost of colonization = $1,300Cost of colonization = $1,300
Therefore, costTherefore, cost––effectiveeffective

For culture based: if prevent 1 MRSA infection every 2 For culture based: if prevent 1 MRSA infection every 2 –– 3 years (or 1 3 years (or 1 
infection every 24,000 to 36,000 ptinfection every 24,000 to 36,000 pt--days)days)
For PCR, if prevent  3 For PCR, if prevent  3 -- 4 infections every year (1 infection every 3,000 4 infections every year (1 infection every 3,000 ––
4,000 pt4,000 pt--days)days)

RaboudRaboud et al., ICHE 2005;26:607et al., ICHE 2005;26:607--1515



SummarySummary

MRSA MRSA HAIsHAIs
Increasing in frequencyIncreasing in frequency
Cause significant morbidity, mortality and economic Cause significant morbidity, mortality and economic 
burdenburden

Guidelines for control of MDRO suggest Guidelines for control of MDRO suggest 
multiple interventionsmultiple interventions

New CDC guidelines (Oct 2006)New CDC guidelines (Oct 2006)
Active surveillanceActive surveillance

Identification of reservoirIdentification of reservoir
Contact PrecautionsContact Precautions
Hand hygiene Hand hygiene 
Environmental CleaningEnvironmental Cleaning



SummarySummary

New DevelopmentsNew Developments
Multiple methods exist for identification of MRSAMultiple methods exist for identification of MRSA

Adjunctive activitiesAdjunctive activities
Prevention of infection in patients with colonizationPrevention of infection in patients with colonization

As with all Infection Prevention and Control As with all Infection Prevention and Control 
activitiesactivities -- control of MRSA requires control of MRSA requires 
multidisciplinary, multifaceted interventions to multidisciplinary, multifaceted interventions to 
achieve control achieve control 
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