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TheThe genus genus StreptococcusStreptococcus obtainsobtains GramGram--positive positive 
coccicocci, , nonmotilenonmotile, , nonsporeformingnonsporeforming, , arrangedarranged

mostlymostly in in chainschains oror in in pairspairs. . 
Most species are Most species are facultativefacultative anaerobesanaerobes. . 
SomeSome ofof streptococcistreptococci are are encapsulatedencapsulated..

�� TheThesingle single schemeschemeforfor differentiationdifferentiationofof streptococcistreptococci�� TheThesingle single schemeschemeforfor differentiationdifferentiationofof streptococcistreptococci
isis usedused in in practisepractise::
–– streptococcistreptococci withwith completecomplete ((ββ) ) hemolysishemolysis

–– streptococcistreptococci withwith incompleteincomplete ((αα) ) hemolysishemolysis

(s.(s.cc. . viridansviridans streptococcistreptococci))

–– streptococcistreptococci withoutwithout hemolysishemolysis



Streptococci
• facultative anaerobe

•Gram-positive

• chains or pairs 

• catalase negative



��StreptococciStreptococci are are widelywidely distributeddistributedin in naturenature..

��SomeSome are are membersmembers ofof thethe normalnormal humanhuman
microfloramicroflora, , otherother are are associatedassociatedwithwith importantimportant
humanhumandiseasesdiseases attributableattributable in part to in part to infectioninfection
by by streptococcistreptococci, in part to , in part to sensitizationsensitizationto to by by streptococcistreptococci, in part to , in part to sensitizationsensitizationto to 
themthem..

��StreptococciStreptococci produceproduce a variety a variety ofof extracellularextracellular
substancessubstances andandenzymesenzymes..



•• TheThe differentiationdifferentiationofof streptococcistreptococci accordingaccordingto to 
serologicalserological propertiesproperties

((LancefieldLancefieldgroupsgroups A to V).A to V).

�� StreptococciStreptococci, , classifiedclassified intointo differentdifferent groupsgroups, , possepossessss

groupgroup--specificspecific antigensantigens whichwhich are are eithereither cell cell wallwall

carbohydratescarbohydrates(s.(s.cc. C . C polysaccharidespolysaccharides) ) oror teichoicteichoicacidacid. . carbohydratescarbohydrates(s.(s.cc. C . C polysaccharidespolysaccharides) ) oror teichoicteichoicacidacid. . 

•• OtherOther possibilitiespossibilities ofof differentiationdifferentiationofof
streptococcistreptococci –– accordingaccordingto to biochemicalbiochemical
propertiesproperties oror clinicalclinical presentationspresentations..



ChemicalChemical structurestructure
andand antigensantigens

��CellCell wallwall polysaccharidepolysaccharide CC

��PeptidoglycanPeptidoglycan

��LipoteichoicLipoteichoicacidacid��LipoteichoicLipoteichoicacidacid

��MM--proteinprotein

��TT substancesubstance andandRR proteinprotein

��CapsuleCapsule

��FF proteinprotein



M proteinM protein
�� ThisThis substance substance isis major virulence major virulence factorfactor ofofS. S. 

pyogenespyogenes..

�� WhenWhen M protein M protein isis presentpresent, , thethe streptococcistreptococci are are 
virulentvirulent, , andand in in thethe absence absence ofof M typeM type––specificspecific
antibodiesantibodies, , theytheyare are ableableto to resistresistphagocytosisphagocytosisby by antibodiesantibodies, , theytheyare are ableableto to resistresistphagocytosisphagocytosisby by 
polymorphonuclearpolymorphonuclear leukocytesleukocytes..

�� M protein M protein alsoalso promotespromotes adherence to host adherence to host epithelialepithelial
cellscells..

�� S. S. pyogenespyogenes strainsstrains thatthat lacklack M protein are not M protein are not 
virulentvirulent..



T substanceT substance
�� ThisThis antigen has no antigen has no relationshiprelationship to virulence to virulence ofof

streptococcistreptococci. . 

�� UnlikeUnlike M protein, T substance M protein, T substance isis acidacid--labilelabile andand
heatheat--labilelabile..

�� ItIt isis obtainedobtainedfromfrom streptococcistreptococciby by proteolyticproteolytic�� ItIt isis obtainedobtainedfromfrom streptococcistreptococciby by proteolyticproteolytic
digestiondigestion..

�� T substance T substance permitspermits differentiationdifferentiation ofof certaincertain typestypes
ofof streptococcistreptococci by by agglutinationagglutination withwith specificspecific
antiseraantisera..

�� AnotherAnother surfacesurface antigen has antigen has beenbeen calledcalled R protein.R protein.



ExtracellularExtracellular productsproducts
��ErythrogenicErythrogenic toxintoxin ((pyrogenicpyrogenic toxin)toxin)

��StreptolysinStreptolysinOO

��StreptolysinStreptolysinSS

��HyaluronidaseHyaluronidase((spreadingspreadingfactorfactor))��HyaluronidaseHyaluronidase((spreadingspreadingfactorfactor))

��StreptokinaseStreptokinase

��StreptodornaseStreptodornase

((streptococcalstreptococcal deoxyribonucleasedeoxyribonuclease))

��otherother



ErythrogenicErythrogenic toxin (toxin (pyrogenicpyrogenic toxin)toxin)

�� ThisThis toxin toxin isis solublesoluble andand itit isis destroyeddestroyed by by boilingboiling
forfor 1 1 hourhour..

�� ItIt causescauses thethe rashrash thatthat occursoccurs in in scarletscarlet fewerfewer. . OnlyOnly
S. S. pyogenespyogenes strainsstrains elaboratingelaborating thisthis toxin toxin cancan cause cause 
scarletscarletfewerfewer..scarletscarletfewerfewer..

�� A nonA non--toxigenictoxigenic strainstrain, , afterafter lysogeniclysogenic conversionconversion
willwill produceproduce erythrogenicerythrogenic toxin.toxin.

�� ErythrogenicErythrogenic toxin toxin isis antigenicantigenic..

�� SuperantigenSuperantigen..



StreptolysinStreptolysin OO

�Streptolysin O is a protein that is 
hemolytically active in the reduced state, but 
rapidly inactivated in the presence of oxygen.

�ASLO – appear in human following infection 
with any streptococci that produce  
streptolysin O.



�Streptolysin S is the agent responsible for the 
hemolytic zones around streptococcal colonies 
growing on the surface of blood agar.

StreptolysinStreptolysin SS

� It is not antigenic.



HyaluronidaseHyaluronidase
�Hyaluronidase splits hyaluronic acid, an 

important component of the ground substance 
of connective tissues.

Thus, hyaluronidase aids in spreading of �Thus, hyaluronidase aids in spreading of 
infecting microorganisms (spreading factor).

�Hyaluronidases are antigenic and specific for 
each bacterial or tissue source.



StreptodornaseStreptodornase
((streptococcalstreptococcal deoxyribonucleasedeoxyribonuclease))

��StreptococcalStreptococcal deoxyribonucleasedeoxyribonuclease
depolymerizesdepolymerizes DNA.DNA.

��TheThe enzymaticenzymatic activityactivity cancanbebe measuredmeasuredby by thethe
decreasedecrease in in viscosityviscosityofof knownknownDNA DNA solutionssolutions..



StreptokinaseStreptokinase
((fibrinolysinfibrinolysin))

� Streptokinase is produced by many strains of group 
A beta-hemolytic streptococci.

� It transforms the plasminogen of human plasma into � It transforms the plasminogen of human plasma into 
plasmin, an active proteolytic enzyme that digests 
fibrin and other proteins.

� Streptokinase has been given intravenously for 
treatment of pulmonary and of coronary artery and 
venous thromboses.



ClassificationClassification ofof streptococcistreptococci ofof
particularparticular medicalmedical interestinterest

� Streptococcus pyogenes

� Streptococcus agalactiae

�beta-hemolytic streptococci C, F, G�beta-hemolytic streptococci C, F, G

� Streptococcus pneumoniae

� Streptococcus anginosus

� viridans streptococci

�Peptostreptococcus species



TheThe species species StreptococcusStreptococcus pyogenespyogenes

�� GramGram--positive positive sphericalspherical coccicocci, 1.0 , 1.0 mimiccrometerrometer in in 
diameterdiameter arrangedarranged in in chainschains ((especiallyespecially in in liquidliquid
media media andand pathologicalpathological specimensspecimens).).

�� S. S. pyogenespyogenes likelylikely as as otherother streptococcistreptococci doesdoes not not 
produceproducecatalasecatalase(in (in contrastcontrastto to staphylococcistaphylococci).).produceproducecatalasecatalase(in (in contrastcontrastto to staphylococcistaphylococci).).

�� ThisThis species species doesdoes not split not split riboseribose (in (in contrastcontrast to to 
otherother streptococcistreptococci).).

�� ItIt growsgrows in in whitewhite regularregular coloniescolonies aboutabout 1 mm in 1 mm in 
diameterdiameter, , withwith a a largelarge zonezone ofofββ--hemolysishemolysis on on bloodblood
agar agar afterafter 24 24 hhourourss ofof incubationincubation..



TheThe species species StreptococcusStreptococcus pyogenespyogenes

� The metabolism of S. pyogenes is fermentative; the 
organism is a catalase-negative aerotolerant 
anaerobe (facultative anaerobe), and requires 
enriched medium containing blood in order to grow. 

� Group A streptococci typically have a capsule 
composed of hyaluronic acid and exhibit beta (clear) 
hemolysis on blood agar.



� Group A streptococci are parasites of humans, and 
Streptococcus pyogenes is one of the most frequent 
pathogens of humans. 

� It is estimated that between 5-15% of normal 
individuals harbor Streptococcus pyogenes, usually 
in the respiratory tract, without signs of disease.in the respiratory tract, without signs of disease.

� When the host defenses are compromised, or when 
the microorganism is able to exert its virulence, or 
when it is introduced to vulnerable tissues or hosts, 
an acute infection occurs.



� Streptococcus pyogenes owes its major success as a 
pathogen to its ability to colonize and rapidly 
multiply and spread in its host while evading 
phagocytosis and confusing the immune system.

� Acute diseases associated with Streptococcus 
pyogenes occur chiefly in the respiratory tract, pyogenes occur chiefly in the respiratory tract, 
bloodstream, or theskin. Streptococcal disease is 
most often a respiratory infection (pharyngitis or 
tonsillitis) or a skin infection (pyoderma). S. 
pyogenes is the leading cause of uncomplicated 
bacterial pharyngitis and tonsillitis.



� S. pyogenes infections can also result in sinusitis, otitis, 
mastoiditis, pneumonia, joint or bone infections, 
necrotizing fasciitis and myositis, meningitis or 
endocarditis.

� S. pyogenes also infects the skin. Infections of the skin 
can be superficial (impetigo) or deep (cellulitis).

� Scarlet fever and streptococcal toxic shock syndrome 
are systemic responses to circulating bacterial toxins.

� Two post streptococcal sequelae (rheumatic fever 
following respiratory infection and glomerulonephritis 
following respiratory or skin infection), occur in 1-3% 
of untreated infections.



�The most frequent etiologic agents 
of bacterial tonsillitis and 
tonsillopharyngitis are

Streptococcus pyogenes strains

(80-90 %).



InitialInitial antibioticantibiotic therapytherapy ofof bacterialbacterial
tonsillitistonsillitis andand tonsillopharyngitistonsillopharyngitis

�Antibiotics of I. choice
–penicillin (3-4 x daily)
–macrolides(in patientswith allergyto –macrolides(in patientswith allergyto 

penicillins)



Etiology Etiology andand treatmenttreatment ofof peritonsillarperitonsillar
andand tonsillartonsillar abscessabscess

�Etiology:
– Streptococcus pyogenes

– anaerobic microbes              

�ATB of I. choice:
– penicillin

– anaerobic microbes              
(Peptostreptococcus sp.)

�Alternative ATB:
– clindamycin



DiagnosticDiagnostic methodsmethods

�microscopy

�cultivation

biochemicaltests�biochemicaltests

�serological examination

�others



StreptococcusStreptococcus pneumoniaepneumoniae

�Pneumococci are alfa-hemolytic.

�Their growth is inhibited by optochin.

�The pneumococci are Gram-positive �The pneumococci are Gram-positive 
diplococci, often lancet-shaped or arranged in 
chains, possessing a capsule of polysaccharide 
that permits typing with specific antisera.



��StreptococcusStreptococcus pneumoniaepneumoniae isis veryvery
importantimportant etiologicetiologic agent agent ofof pneumoniapneumonia

��PneumoniaPneumonia

��typicaltypical pathogenspathogens

��atypicalatypicalpathogenspathogens��atypicalatypicalpathogenspathogens

��PneumoniaPneumonia

��communitycommunity--acquiredacquired

��hospitalhospital--acquiredacquired((nosocomialnosocomial))



Etiology Etiology ofof pneumoniapneumonia
CAPCAP

typicaltypical pathogenspathogens
��StreptococcusStreptococcus pneumoniaepneumoniae
HaemophilusHaemophilus influenzaeinfluenzae��HaemophilusHaemophilus influenzaeinfluenzae

��MoraxellaMoraxella ((BranhamellaBranhamella) ) catarrhaliscatarrhalis
��StaphylococcusStaphylococcus aureus aureus 
��KlebsiellaKlebsiella pneumoniaepneumoniae
��otherother



atypicalatypical pathogenspathogens
��ChlamydophilaChlamydophila pneumoniaepneumoniae

Etiology Etiology ofof pneumoniapneumonia
CAPCAP

��ChlamydophilaChlamydophila psittacipsittaci
��MycoplasmaMycoplasma pneumoniaepneumoniae
��LegionellaLegionella pneumophilapneumophila
��othersothers



Etiology of pneumonia in olomouc Etiology of pneumonia in olomouc 
region (CAP)region (CAP)

typical 
bacteria

34%

unknown 
etiology

42%

chlamydia
12%

mycoplasma
6%

mixed 
infections

6%



InitialInitial antibioticantibiotic therapytherapy ofof
communitycommunity--acquiredacquired pneumoniapneumonia

��DrugDrug ofof I. I. choicechoice

–– amoxicilamoxicilllinin

��AlternativeAlternative antibioticsantibiotics

–– mamaccrolidrolideses ((e.ge.g. . cclaritlarithhromycinromycin, , azithromycinazithromycin))

–– doxycyclinedoxycycline (in (in adultsadults andand childrenchildren olderolder thanthan 12 12 

yearsyears))



Etiology Etiology andand treatmenttreatment ofof otitis otitis 
media media acutaacuta

�Etiology:
– Streptococcus 

pneumoniae

� Antibiotic of I. choice:
– amoxicillin

� Alternative antibiotic:pneumoniae

– Haemophilus 
influenzae

– Moraxella (B) 
catarrhalis

� Alternative antibiotic:
– amoxicillin/clavulanic acid
– ampicillin/sulbactam
– cephalosporins II. gen. 

(cefuroxime, cefprozil)
– in patients with allergy to 

penicilllins - macrolides



BacterialBacterial etiology etiology ofof acuteacute otitis media otitis media 
in in olomoucolomouc regionregion

Streptococcus 
pneumoniae - 49%

Moraxella (B)
catarrhalis

others - 16%

Haemophilus influenzae - 21%

catarrhalis
- 14%



Etiology Etiology andand treatmenttreatment ofof sinusitissinusitis acutaacuta

�Etiology:
– Streptococcus 

pneumoniae
Haemophilus 
influenzae

� Antibiotic of I. choice:
– amoxicillin

� Alternative antibiotic:

– amoxicillin/clavulanic acidinfluenzae
– Moraxella (B) 

catarrhalis

– amoxicillin/clavulanic acid

– ampicillin/sulbactam

– cephalosporins II. gen. 

(cefuroxime, cefprozil)

– in patients with allergy to 

penicilllins - macrolides



BacterialBacterial etiology etiology ofof acuteacute sinusitissinusitis
in in olomoucolomouc regionregion

Streptococcus
pneumoniae - 61%

Moraxella (B)
catarrhalis - 5%

others - 12%

Haemophilus 
influenzae - 22%



StreptococcusStreptococcus agalactiaeagalactiae
�� These are These are thethe groupgroup B B streptococcistreptococci. . 

�� TheyThey are are membersmembers ofof thethe normalnormal flora flora ofof thethe femalefemale
genitalgenital tracttract andand anan importantimportant cause cause ofof neonatalneonatal
sepsissepsis andand meningitis.meningitis.

�� TheyThey typicallytypically are betaare beta--hemolytichemolytic..

�� TheyThey havehave positive CAMP test.positive CAMP test.



�� BasingBasing on on resultsresults obtainedobtained in in NeonatalNeonatal department department ofof
TeachingTeaching HospitalHospital in Olomouc, in Olomouc, thethe most most frequentfrequent bacterialbacterial
pathogenspathogens ofof neonatalneonatal sepsissepsis areareEscherichiaEscherichia colicoli, , KlebsiellaKlebsiella
pneumoniaepneumoniae, , StreptococcusStreptococcus agalactiaeagalactiae, , EnterococcusEnterococcus sppspp. . 
andandStaphylococcusStaphylococcus aureusaureus..

�� BasedBased on on theirtheir resistanceresistance to to antibioticsantibiotics itit cancan bebe concludedconcluded
thatthat ampicillinampicillin in in combinationcombination withwith gentamicingentamicin//netilmicinnetilmicin isis
firstfirst choicechoiceregimenregimen. . firstfirst choicechoiceregimenregimen. . 

�� In case In case ofof persistingpersisting signssigns ofof infectioninfection, , itit isis necessarynecessary to to 
considerconsider thethe etiologicaletiological role role ofof chlamydiachlamydia, , mycoplasmamycoplasma andand
ureoplasmaureoplasma andand thethe therapytherapy isis to to bebe changedchanged by by addingadding ofof
macrolidemacrolide. . 

�� AfterAfter thethe identificationidentification od od bacterialbacterial pathogenspathogens andand thethe
resistanceresistance to to antibioticsantibiotics thethe therapytherapy shouldshould bebe focusedfocused on on 
thethe aimedaimed ((causalcausal) ) oneone..



Etiology Etiology ofof neonatalneonatal infectionsinfections
in in TeachingTeaching HospitalHospital in Olomoucin Olomouc

Gram-negative bacteria 53 %

Escherichia coli 19 %

Klebsiella pneumoniae 16 %

Pseudomonas aeruginosa 7%

Enterobacter cloacae 6 %

Acinetobacter baumannii 5 %Acinetobacter baumannii 5 %

Gram-positive bacteria 43 %

Streptococcus agalactiae 15%

Enterococcus sp. 13 %(84 %is E. faecalis)

Staphylococcus aureus 9 %

Staphylococcus sp. (coagulase-negative) 6 %

Candida sp. ( 87 % is C. albicans) 4 %



Etiology Etiology ofof communitycommunity--acquiredacquired
urinaryurinary tracttract infectionsinfections

�Escherichia coli

�Proteus mirabilis

�Enterococcus faecalis

�Streptococcus agalactiae

�others



Bacterial etiology of communityBacterial etiology of community--acquired acquired 
urinary tract infections in urinary tract infections in olomouc regionolomouc region

E.faecalis
9%

S.agalactiae
8%

others
4%

E.coli
68%

P.mirabilis
11%

9%



InitialInitial antibioticantibiotic therapytherapy ofof communitycommunity--
acquiredacquired urinaryurinary tracttract infectionsinfections

�Drug of I. choice
–nitrofurantoin, cotrimoxazol, trimethoprim

�Alternative antibiotics
–amoxicillin/clavulanic acid

–ampicillin/sulbactam

–cephalosporins II. gen. (cefuroxime, 
cefprozil)



StreptococcusStreptococcus millerimilleri groupgroup

�� S. S. anginosusanginosus

�� S. S. intermediusintermedius

�� S. S. constellatusconstellatus�� S. S. constellatusconstellatus

�� These These streptococcistreptococci are part of are part of thethe normalnormal flora (flora (oral oral 

cavity and gastrointestinal tractcavity and gastrointestinal tract)) with the ability to with the ability to 

cause abscesses and systemic infectionscause abscesses and systemic infections

�� TheyThey maymay bebe beta, beta, alphaalpha oror nonnon--hemolytichemolytic



ViridansViridans streptococcistreptococci
�� ViridansViridans streptococcistreptococci includeincludeS. S. mitismitis, S. , S. mutansmutans,                ,                

S. S. salivariussalivarius, S. , S. sanquissanquis andand otherother..

�� TypicallyTypically theythey are are alphaalpha--hemolytichemolytic, , butbut theythey maymay bebe
nonnon--hemolytichemolytic..

�� TheThe viridansviridans streptococcistreptococci are are thethe most most prevalentprevalent
membersmembers ofof normalnormal microfloramicroflora ofof thethe upperupper respiratoryrespiratory
tracttract andand are are importantimportant forfor healthyhealthy statestate ofof mucousmucous
membranesmembranes therethere..

�� TheyThey maymay reachreach thethe bloodstreambloodstreamas a as a resultresult ofof trauma trauma 
andand are a are a principalprincipal cause cause ofof endocarditisendocarditis on on abnormalabnormal
heartheart valvesvalves..



PeptostreptococcusPeptostreptococcus speciesspecies
� These streptococci grow only under anaerobic 

conditions and variably produce hemolysins.

� They are part of the normal microflora of the mouth, 
upper respiratory tract, bowel, and female genital upper respiratory tract, bowel, and female genital 
tract.

� They often participate with many other bacterial 
species in mixed anaerobic infections in the 
abdomen, pelvis, lung, or brain.


