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Definition

1. CAP - Acute infection (less than 14 days) Acute infection (less than 14 days) 
acquired in the community, of the lower acquired in the community, of the lower 
respiratory tract, leading to cough or difficulty respiratory tract, leading to cough or difficulty 
breathing, breathing, tachypnoeatachypnoea or chestor chest--wall wall indrawingindrawing

2. HAP – Pneumonia developing more than           
48 hours after admission to hospital

3. VAP – Nosocomial infection occurring in 
patients receiving mechanical ventilation            
that is not present at the time of intubation          
and develops more than 48 hours after 
initiation of ventilation



EpidemiologyEpidemiology

Pneumonia = 2Pneumonia = 2ndnd most common most common 
nosocomialnosocomial infectioninfection
Accounts for 18 Accounts for 18 –– 26% of 26% of nosocomialnosocomial
infectionsinfections
Children aged 2 Children aged 2 –– 12 months most 12 months most 
affectedaffected
95% of 95% of nosocomialnosocomial pneumonia occurs in pneumonia occurs in 
ventilated childrenventilated children



Risk Factors for VAPRisk Factors for VAP
ImmunodeficiencyImmunodeficiency
ImmunosuppressionImmunosuppression
Neuromuscular blockageNeuromuscular blockage
SepticaemiaSepticaemia
TPNTPN
SteroidsSteroids
H2H2--blockersblockers
Mechanical ventilationMechanical ventilation
ReRe--intubationintubation
Transport while Transport while intubatedintubated



MicrobiologyMicrobiology

EarlyEarly--onset HAP:onset HAP:
-- Strep Strep pneumoniaepneumoniae
-- HaemophilusHaemophilus influenzaeinfluenzae
-- MoraxellaMoraxella catarrhaliscatarrhalis

LateLate--onset HAPonset HAP::
-- StaphStaph aureusaureus -- MRSAMRSA
-- Pseudomonas Pseudomonas aeruginosa/Acenitobacteraeruginosa/Acenitobacter -- MDRMDR
-- GramGram--negative negative EnterobacteriaceaeEnterobacteriaceae -- ESBL ESBL 

Often more 
resistant 
organisms



Criteria for VAP for Infants Younger than Criteria for VAP for Infants Younger than 
12 Months of Age12 Months of Age

Clinical Criteria / Radiographic CriteriaClinical Criteria / Radiographic Criteria
Worsening gas exchange with at least 3 of the clinical criteriaWorsening gas exchange with at least 3 of the clinical criteria::

Temperature instability without other recognized causeTemperature instability without other recognized cause

White blood cells <4,000/mmWhite blood cells <4,000/mm3  3  or > 15,000/mmor > 15,000/mm3  3  and band forms > 10%and band forms > 10%

New onset purulent sputum or change in the character of sputum oNew onset purulent sputum or change in the character of sputum or increased respiratory r increased respiratory 
secretionssecretions

Apnea, tachypnea, increased work of breathing, or gruntingApnea, tachypnea, increased work of breathing, or grunting

Wheezing, rales, or Wheezing, rales, or rhonchirhonchi

CoughCough

Heart rate <100 beats/min or >170 beats/minHeart rate <100 beats/min or >170 beats/min

plus radiographic criteriaplus radiographic criteria

At least 2 serial chest xAt least 2 serial chest x--rays with new or progressive and persistent  infiltrate, consolirays with new or progressive and persistent  infiltrate, consolidate, date, 
cavitation or cavitation or pneumatocelepneumatocele that develops >48 hours after initiation of mechanical ventilatthat develops >48 hours after initiation of mechanical ventilationion

Wright ML, et al. Semin Pedaitr Infect Dis 2006;17:58-64



Prevention StrategiesPrevention Strategies
Infection controlInfection control
Head of bed elevationHead of bed elevation
Daily sedation holidaysDaily sedation holidays
Stress ulcer prophylaxisStress ulcer prophylaxis
DVT prophylaxisDVT prophylaxis
InIn--line suctioningline suctioning
OropharyngealOropharyngeal toilettoilet
OrotrachealOrotracheal intubationintubation
Change in ventilator circuits only when dirtyChange in ventilator circuits only when dirty
Avoidance of reAvoidance of re--intubationintubation



ManagementManagement

Antibiotic selection policiesAntibiotic selection policies
Antibiotic rotation ??Antibiotic rotation ??
Regular microbiology Regular microbiology forafora –– Antibiotic Antibiotic 
Stewardship: Stewardship: designed to designed to 
optimize antimicrobial therapy administered to optimize antimicrobial therapy administered to 
hospitalized patients, hospitalized patients, 
to ensure costto ensure cost--effective therapy, effective therapy, 
improve patients' outcome while containing improve patients' outcome while containing 
bacterial resistance. bacterial resistance. 

ANTIBIOTICS



Antibiotic StewardshipAntibiotic Stewardship

A multidisciplinary team including at least A multidisciplinary team including at least 
an infectious disease physician and a an infectious disease physician and a 
clinical pharmacist is required. clinical pharmacist is required. 
Feedback to the provider, education and Feedback to the provider, education and 
antimicrobial restriction antimicrobial restriction 



Selecting AntibioticsSelecting Antibiotics

Above 
MIC

Concentration

Time

PK/PD
Adverse events

AUC/MIC

Mode of killing



DosageDosage

Intervene early and appropriatelyIntervene early and appropriately
Consider antibiotic for relevant organismsConsider antibiotic for relevant organisms
Consider dosage interval and total dose Consider dosage interval and total dose 
depending on the antibiotic mode of killing depending on the antibiotic mode of killing 
PK = Effect of body on drug (absorption, PK = Effect of body on drug (absorption, 
availability, metabolism, excretion)availability, metabolism, excretion)
PD = Effect of drug on body (receptor PD = Effect of drug on body (receptor 
binding, tissue penetration) binding, tissue penetration) 



PK = Dosage + ConcentrationPK = Dosage + Concentration
Correct antibiotic dosages and durationCorrect antibiotic dosages and duration
Correct antibiotic administrationCorrect antibiotic administration

-- Concentration dependent antibiotics Concentration dependent antibiotics 
((AminoglycosidesAminoglycosides, , quinolonesquinolones) = single daily ) = single daily 
concentrationconcentration

-- Time dependent antibiotics (BTime dependent antibiotics (B--lactamslactams, , 
vancomycinvancomycin, pip, pip--taztaz, , carbapenemscarbapenems, , linezolidlinezolid) ) 
= continuous infusion over 24 hours (3= continuous infusion over 24 hours (3--4 4 
hours for hours for carbapenemscarbapenems, TDS for , TDS for linezolidlinezolid))



DurationDuration
No culture = 3 daysNo culture = 3 days
URTI = 3URTI = 3--5 days5 days
Positive culture = 5Positive culture = 5--7 days or 37 days or 3--5 days after 5 days after 
clinical improvement clinical improvement 
Seldom need 10 daysSeldom need 10 days
Exceptions Exceptions 

–– StaphStaph 22--3 weeks3 weeks
-- PCP 3 weeksPCP 3 weeks
-- Fungal 2Fungal 2--3 weeks3 weeks



DecontaminateDecontaminate

Hand washing Hand washing –– the most effective the most effective 
strategy to prevent resistancestrategy to prevent resistance
All personal and parents must hand washAll personal and parents must hand wash
Use notices and wall mounted spraysUse notices and wall mounted sprays
AntiAnti--inflammatory strategies of inflammatory strategies of 
Macrolides/LinezolidMacrolides/Linezolid



DontDont

Use third generation Use third generation cephalosporinscephalosporins
routinelyroutinely (except meningitis)(except meningitis)
Use inappropriate antibioticsUse inappropriate antibiotics
Use a long courseUse a long course
Use too low a doseUse too low a dose
Routinely combine antibioticsRoutinely combine antibiotics
Routinely use Routinely use probioticsprobiotics



Reduced use of thirdReduced use of third--generation generation 
cephalsoporinscephalsoporins decreases the acquisition of decreases the acquisition of 

ESBLESBL--producing producing KlebsiellaKlebsiella PneumoniaPneumonia

Infect Control Hosp Infect Control Hosp EpidemiolEpidemiol 2004;25: 8322004;25: 832--77



Use of Ertapenem

Relapse

Stop antibiotic 3-7 days

Resolution
Type title here

1. Ertapenem or
2. Cefepime or

3. Pip/taz.

ESBL cultured
Blood

NBBAL

Ongoing infection
Fever

CXR changes
Elevated PCT

HAP/VAP
Initial antibiotic selection

Meropenem
Gram negative/positive cover



Antibiotics for ESBL (lactose Antibiotics for ESBL (lactose 
fermentersfermenters))

CarbapenemCarbapenem +/+/-- AminoglycosideAminoglycoside
-- MeronemMeronem
-- ImipenemImipenem
-- ErtapenemErtapenem ((InvanzInvanz))
CefepimeCefepime ((MaxipimeMaxipime))
Piperacillin/tazobactamPiperacillin/tazobactam
Never Never –– Ciprofloxacin/Ciprofloxacin/RocephinRocephin



Other Possible Indications forOther Possible Indications for
ErtapenemErtapenem

? First line PICU choice ? First line PICU choice –– when low when low 
Pseudomonas prevalencePseudomonas prevalence
PICU sepsis PICU sepsis –– especially abdominal especially abdominal 
surgery surgery –– anaerobe coveranaerobe cover
All HIVAll HIV--infected PCP PICU admissions infected PCP PICU admissions ––
higher risk of community acquired multihigher risk of community acquired multi--
resistant gram negatives resistant gram negatives 



Antibiotics for MRSAAntibiotics for MRSA

VancomycinVancomycin –– Concerns:Concerns:
•• Unfavourable PK/PD Unfavourable PK/PD –– Dose close to MIC Dose close to MIC 

break point (2)break point (2)
•• Highly plasma protein bound Highly plasma protein bound –– poor lung poor lung 

penetration (14% penetration to epithelial penetration (14% penetration to epithelial 
surfaces) surfaces) –– unsuitable for HAPunsuitable for HAP

•• Adverse events Adverse events –– kidney/ear/histamine kidney/ear/histamine 
release (anaphylaxis)release (anaphylaxis)

TeicoplaninTeicoplanin
LinezolidLinezolid ((ZyvoxidZyvoxid))

A Brink Personal communication



Why Why LinezolidLinezolid is Best for MRSAis Best for MRSA

MIC break point = 4mg/LMIC break point = 4mg/L
Excellent lung penetrationExcellent lung penetration
Quorum sensing ability = Quorum sensing ability = 
AntiAnti--inflammatory effectsinflammatory effects
Favourable safety profileFavourable safety profile



Percentage of Bacteria at each Percentage of Bacteria at each 
MIC value (mg/L) (n=40)MIC value (mg/L) (n=40)

002.52.5707027.527.50000VancomycinVancomycin

00101072.572.512.512.55500TeicoplaninTeicoplanin

002.52.52.52.552.552.542.542.500LinezolidLinezolid

884422110.50.50.250.25AntibioticAntibiotic

Kuti JL, et al. Clin Microbiol Infect 2008;14:116-123



ConclusionConclusion

Do I need an antibioticDo I need an antibiotic
Select the most appropriate antibioticSelect the most appropriate antibiotic
Use the correct dose and intervalUse the correct dose and interval
Short courses are betterShort courses are better
Avoid 3Avoid 3rdrd generation generation cephalosporinscephalosporins for for 
RTIRTI’’ss –– except more severe diseaseexcept more severe disease
Always think of Always think of LinezolidLinezolid for for StaphStaph
pneumoniapneumonia



Thank YouThank You
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