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Key questionsKey questions

�� WhatWhat isis thethe clinicalclinical importance importance ofof
streptococcistreptococci ??

�� WhatWhat are are theirtheir resistancesresistances to to 
antimicrobialantimicrobial agents ?agents ?

�� WhatWhat are are thethe clinicalclinical implications implications 
for for thethe clinicalclinical microbiologymicrobiology lablab ??
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STREPTOCOCCUS PNEUMONIAESTREPTOCOCCUS PNEUMONIAE

�� LowerLower respiratoryrespiratory tract tract 
infections, infections, pneumoniapneumonia
�� thethe single single mostmost important important 
bacterialbacterial pathogenpathogen

�� OtitisOtitis media media 
�� Main cause in Main cause in childrenchildren

�� HearingHearing impairmentimpairment if if 
reccurrencereccurrence

�� MeningitisMeningitis
�� LifeLife--threateningthreatening ((childrenchildren, , elderlyelderly))

�� NeurologicNeurologic sequelaesequelae

�� SepsisSepsis
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TheThe challengingchallenging pathogenspathogens

In In hospitalhospital

�� S.aureusS.aureus (MRSA, (MRSA, 

GISA, VRSA)GISA, VRSA)

�� EnterococciEnterococci (GRE)(GRE)

�� EnterobacteriaceaeEnterobacteriaceae
(ESBL, (ESBL, carbapenemasecarbapenemase, , 
FQ)FQ)

�� MDRMDR--P.aeruginosaP.aeruginosa

�� MDRMDR--AcinobacterAcinobacter
baumaniibaumanii

In In communitycommunity

�� MDRMDR--SS.pneumoniae.pneumoniae
�� CACA--MRSAMRSA

�� Salmonella Salmonella (ESBL,(ESBL, FQ)FQ)

�� CampylobacterCampylobacter (FQ, (FQ, 

macrolides)macrolides)

�� HelicobacterHelicobacter pyloripylori

�� MDRMDR--M.tuberculosisM.tuberculosis
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STREPTOCOCCUS PNEUMONIAESTREPTOCOCCUS PNEUMONIAE

�� EmergenceEmergence ofof antimicrobialantimicrobial resistanceresistance

�� TreatmentTreatment failuresfailures

�� IncreasedIncreased morbiditymorbidity//mortalitymortality

�� IncreasedIncreased durationduration ofof diseasesdiseases

�� CostsCosts

Key role for laboratory :Key role for laboratory :

To recognize To recognize «« ResistantResistant »» organisms !!organisms !!



pm-chu lg - May 2004 6

Global Global antibioticantibiotic resistanceresistance
in in S.pneumoniaeS.pneumoniae

Invasive Invasive isolatesisolates nonnon--S to S to penicillinpenicillin in 2002 in 2002 -- EARSSEARSS

NonNon--S to S to 

penicillinpenicillin

Europe
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Global Global antibioticantibiotic resistanceresistance
in in S.pneumoniaeS.pneumoniae

Invasive Invasive isolatesisolates nonnon--S to S to erythromycinerythromycin in 2002 in 2002 -- EARSSEARSS

NonNon--S toS to
erythromycinerythromycin

Europe
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AntibioticAntibiotic resistanceresistance (%) in (%) in 
S.pneumoniaeS.pneumoniae ((BloodBlood/CSF)/CSF)
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S.pneumoniaeS.pneumoniae::
MechanismsMechanisms ofof resistanceresistance

�� ResistanceResistance to to PenicillinPenicillin
�� Modification Modification ofof PenicillinPenicillin BindingBinding ProteinsProteins

�� Qualitative & quantitative Qualitative & quantitative alterationalteration ofof thethe targetstargets

�� Transformation Transformation andand/or /or stepwisestepwise chromosomallychromosomally
mediatedmediated mutations; mutations; genesgenes < oral < oral streptococcistreptococci

�� DecreasedDecreased susceptibilitysusceptibility to to allall ββββββββ--lactamslactams

�� CephCeph. III . III andand amoxicillinamoxicillin lessless affectedaffected

�� Clonal Clonal spreadspread AND local AND local emergenceemergence

�� 50 % co50 % co--resistanceresistance to to otherother agents agents 



pm-chu lg - May 2004 10

S.pneumoniaeS.pneumoniae: : 
MechanismsMechanisms ofof resistanceresistance

�� ResistanceResistance to Macrolidesto Macrolides

�� AlterationAlteration ofof ribosomal ribosomal methylasemethylase ((ermermBB genegene))

�� Constitutive or Constitutive or inducibleinducible (D test)(D test)

�� MLSMLSBB phenotypephenotype

�� ATPATP--dependantdependant efflux efflux pumppump ((mefmefEE genegene))

�� ResistanceResistance to to fluoroquinolonesfluoroquinolones

�� ChromosomalChromosomal mutations mutations ofof genegene encodingencoding forfor

�� TopoisomeraseTopoisomerase IV (IV (parparC, C, parparE)E)

�� DNA DNA gyrasegyrase ((gyrgyrAA, , gyrgyrBB))

�� Efflux Efflux 
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SusceptibilitySusceptibility//ResistanceResistance
testingtesting methodsmethods

�� DiskDisk diffusiondiffusion

�� PenicillinPenicillin : NOT : NOT reliablereliable !!!!

�� OxaOxa screenscreen
�� NCCLS 1NCCLS 1 µµµµµµµµg g diskdisk (S >= 20 mm)(S >= 20 mm)

�� SFM 5 SFM 5 µµµµµµµµg g diskdisk (S >= 26 mm) (S >= 26 mm) 

�� No No dicriminationdicrimination betweenbetween I I andand R R isolatesisolates

�� FalseFalse R R andand a a fewfew falsefalse SS

NeedNeed for for truetrue MICsMICs
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S.pneumoniaeS.pneumoniae: : 
SIR SIR andand penicillinpenicillin

�� SS
�� SusceptibilitySusceptibility ((MICMIC <= 0.064 mg/L) <= 0.064 mg/L) correlatescorrelates
withwith clinicalclinical outcomeoutcome withwith standard dosagesstandard dosages

�� II
�� IntermediateIntermediate susceptibilitysusceptibility ((MICMIC <= 0.12 <= 0.12 -- 1 1 
mg/L) mg/L) requiresrequires a a highhigh penicillinpenicillin dose for dose for clinicalclinical
outcomeoutcome

�� RR
�� ResistanceResistance ((MICMIC >= 2 mg/L) >= 2 mg/L) necessitatesnecessitates
alternative alternative therapytherapy
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SusceptibilitySusceptibility//ResistanceResistance
testingtesting methodsmethods

�� MICs in routineMICs in routine

�� AutomatedAutomated microdilutionmicrodilution systemsystem

�� VitekVitek 2 (2 (BioMBioMéérieuxrieux))

�� RiskRisk ofof underestimationunderestimation ofof RR

�� EtestEtest

�� TheThe easiesteasiest andand affordableaffordable

�� DetectsDetects subtlesubtle decreasesdecreases in Sin S

�� ValidatedValidated, , «« referencereference methodmethod »»

�� DirectlyDirectly on Gram positive CSF on Gram positive CSF 



pm-chu lg - May 2004 14

S.pneumoniaeS.pneumoniae AST AST algorithmalgorithm

ResRespiratory

MIC/MIC/EtestEtest
PenPen G G 
AmoxicillinAmoxicillin
CefotaximeCefotaxime**
DiscDisc
ErythroErythro
((ClindaClinda.).)
SXTSXT
New FQNew FQ

MIC/MIC/EtestEtest
PenPen G G 
CefotaximeCefotaxime**
MeropenemMeropenem
VancomycinVancomycin
New FQ if nonNew FQ if non--CSFCSF

DiscDisc
OxacillinOxacillin 11µµµµµµµµgg
«« S >= 20 mmS >= 20 mm »»

ErythroErythro
((ClindaClinda.).)
SXTSXT
New FQNew FQ

oror

BloodBlood or or sterilesterile sitesite

If If 
< 20< 20

* * Or Or CeftriaxoneCeftriaxone
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StreptococcusStreptococcus pyogenespyogenes
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StreptococcusStreptococcus pyogenespyogenes
�� PharyngitisPharyngitis andand asymptomaticasymptomatic carriagecarriage (1(1--70%)70%)

�� ScarletScarlet feverfever

�� ErysipelasErysipelas

�� StreptococcalStreptococcal pyodermapyoderma ((ImpetigoImpetigo ContagiosaContagiosa))

�� LymphangitisLymphangitis

�� CellulitisCellulitis

�� NecrotizingNecrotizing fasciitisfasciitis
�� MyositisMyositis, , pneumoniapneumonia

�� STSSSTSS

�� PuerperalPuerperal sepsissepsis

�� EndocarditisEndocarditis

�� PostinfectiousPostinfectious sequelaesequelae
�� RheumaticRheumatic feverfever, , poststreptococcalpoststreptococcal glomerulonephritisglomerulonephritis

TheThe «« fleshflesh eatingeating »» bacteriabacteria
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StreptococcusStreptococcus pyogenespyogenes

�� TherapeuticTherapeutic optionsoptions

�� PenicillinPenicillin, , 

�� Alternatives Alternatives maymay includeinclude

�� Macrolides Macrolides andand certain certain cephalosporinscephalosporins; ; 

�� VancomycineVancomycine for for penpen--allergicallergic patients patients withwith
seriousserious infectionsinfections



pm-chu lg - May 2004 18

StreptococcusStreptococcus pyogenespyogenes

�� PenicillinPenicillin
�� GAS remain 100 % SensitiveGAS remain 100 % Sensitive

�� = = drugdrug ofof choicechoice

�� SS--testingtesting notnot necessarynecessary

�� ButBut, reduced efficacy in severe GAS , reduced efficacy in severe GAS 
infectioninfection

�� High High inoculuminoculum

�� Decrease in expression of Penicillin Binding Decrease in expression of Penicillin Binding 
Protein (PBP) by GAS in stationary phaseProtein (PBP) by GAS in stationary phase
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StreptococcusStreptococcus pyogenespyogenes
�� In severe infections: In severe infections: ClindamycinClindamycin more more 
effectiveeffective
�� Not affected by Not affected by inoculuminoculum or stationary phaseor stationary phase

�� Inhibits synthesis of bacterial toxinsInhibits synthesis of bacterial toxins

�� Facilitates Facilitates phagocytosisphagocytosis of GAS by inhibiting synthesis of M of GAS by inhibiting synthesis of M 
proteinprotein

�� Suppresses PBP Synthesis Suppresses PBP Synthesis �������� degradationdegradation

�� Longer postLonger post--antibiotic effect/penicillinantibiotic effect/penicillin

�� ResistanceResistance to Macrolides to Macrolides (+/(+/-- 10%)10%)

�� AlterationAlteration ofof ribosomal ribosomal methylasemethylase ((ermermBB genegene))

�� MLSMLSBB phenotypephenotype, constitutive, constitutive

�� Efflux Efflux pumppump ((mefmefAA genegene))
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StreptococcusStreptococcus agalactiaeagalactiae

�� AsymptomaticAsymptomatic colonizationcolonization

�� NeonatalNeonatal infectionsinfections

•• EOD & LODEOD & LOD

�� Infections Infections duringduring pregnancypregnancy

�� AdultAdult’’s infectionss infections
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Risk factors for neonatal EODRisk factors for neonatal EOD

�� Vaginal ColonizationVaginal Colonization

�� Obstetrical risks: Obstetrical risks: 
�� Prolonged rupture of membranes, Prolonged rupture of membranes, 

PrematurityPrematurity, , IntrapartumIntrapartum feverfever

�� GBS GBS bacteriuriabacteriuria

�� Previous infant with GBS Previous infant with GBS 
infectioninfection

�� Immunologic risks: Immunologic risks: 
�� Low level specific Low level specific IgGIgG, etc, etc
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How could we How could we 
prevent neonatal prevent neonatal 

EOD ?EOD ?
IntrapartumIntrapartum

AntibioAntibio--prophylaxisprophylaxis

GynecoGyneco--ObstObst..

LaboLaboPediatricianPediatrician

LaborLabor & & deliverydelivery wardward
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IntrapartumIntrapartum antibioantibio--prophylaxisprophylaxis
(CDC 2002, (CDC 2002, BelgianBelgian HC 2003)HC 2003)

�� PenicillinPenicillin GG

�� 5 millions U, IV initial dose, + 2,5 5 millions U, IV initial dose, + 2,5 
millions U IV millions U IV everyevery 4 4 hourshours untiluntil deliverydelivery

�� AmpicillineAmpicilline
�� 2 g IV initial dose, + 1 g IV 2 g IV initial dose, + 1 g IV everyevery 4 h 4 h untiluntil deliverydelivery

�� Acceptable Acceptable alternativealternative, but, but extendedextended spectrumspectrum, , maymay
select R select R strainsstrains
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IntrapartumIntrapartum antibioantibio--prophylaxisprophylaxis
In case In case ofof penicillinpenicillin--allergyallergy

(CDC 2002, (CDC 2002, BelgianBelgian HC 2003)HC 2003)

�� Patient at low risk for anaphylaxisPatient at low risk for anaphylaxis
�� CefazolinCefazolin

�� Patient at high risk for anaphylaxisPatient at high risk for anaphylaxis
�� ClindamycinClindamycin
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TherapeuticTherapeutic options options 

�� EmpiricEmpiric

�� AmpicillinAmpicillin + + aminoglycosideaminoglycoside

�� WhenWhen confirmedconfirmed

�� PenicillinePenicilline + + aminoglycosideaminoglycoside (max 3(max 3--5 5 daysdays))

�� ThenThen PenicillinPenicillin for 10 to 28 for 10 to 28 daysdays
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GBS GBS susceptibilitysusceptibility profileprofile
(Belgium)(Belgium)
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GBS GBS PenicillinPenicillin susceptibilitysusceptibility
andand tolerancetolerance

No tolerance was observed :No tolerance was observed :

79.3 % of  isolates had an MBC/MIC = 179.3 % of  isolates had an MBC/MIC = 1

19 % of  isolates had an MBC/MIC = 1.519 % of  isolates had an MBC/MIC = 1.5

1.7 % of  isolates had an MBC/MIC = 2 1.7 % of  isolates had an MBC/MIC = 2 
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StreptococcusStreptococcus «« viridansviridans »»

�� BacteremiaBacteremia

�� EndocarditisEndocarditis

�� Nosocomial infectionsNosocomial infections
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ββββββββ--hemolytichemolytic streptococcistreptococci andand
streptococcusstreptococcus «« viridansviridans »»

�� ToleranceTolerance to to ββββββββ--lactamslactams
�� HighHigh MBCs MBCs despitedespite lowlow MICsMICs

�� Progressive Progressive decreasesdecreases in S to in S to PenicillinPenicillin in    in    
ββββββββ--hemolytichemolytic streptococcistreptococci

�� PenPen R in R in viridansviridans groupgroup

�� IncreasingIncreasing macrolide, macrolide, trimethtrimeth//sulfasulfa andand FQ RFQ R

MICs MICs neededneeded for for seriousserious infections infections 
or or criticalcritical patientspatients
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ββββββββ--hemolytichemolytic streptococcistreptococci andand
streptococcusstreptococcus «« viridansviridans »»

�� DiscDisc diffusion diffusion 

�� PenicillinPenicillin andand FQ FQ 

�� OnlyOnly for for ββββββββ--hemolytichemolytic streptococcistreptococci

�� MicrodilutionMicrodilution andand automatedautomated systemssystems

�� GrowthGrowth supplementsupplement, CO2, , CO2, etcetc

�� NotNot adaptedadapted, , exceptexcept for GBSfor GBS

�� EtestEtest

�� EasyEasy, , affordableaffordable, , convenientconvenient

�� Media Media andand atmosphereatmosphere adaptedadapted

�� DetectsDetects subtlesubtle decreasesdecreases in Sin S

�� DirectlyDirectly on Gram positive CSF on Gram positive CSF 
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ββββββββ--hemolytichemolytic andand viridansviridans
streptococcistreptococci AST AST algorithmalgorithm

DiscDisc
PenPen G*G*
((CefotaximeCefotaxime**)**)
ErythromycinErythromycin
((ClindamycinClindamycin))
(New FQ)(New FQ)

MIC/MIC/EtestEtest
PenPen G* G* 
((CefotaximeCefotaxime**)**)
ErythromycinErythromycin
ClindamycinClindamycin
VancomycinVancomycin
(New FQ if non(New FQ if non--CSF)CSF)

BloodBlood or or sterilesterile site or site or «« criticalcritical »» patientpatient

* * PenPen S = S = ββ--lactamslactams SS
** ** or or CeftriaxoneCeftriaxone

GAS, GBS, GCS & GAS, GBS, GCS & 
GGS large coloniesGGS large colonies


