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DIPLOMAINCLINICALMEDICINE&SURGERY

MEDICALMICROBIOLOGY1

MEM

INTRODUCTIONTOMICROBIOLOGY

COURSEOBJECTIVES

1.Toprovidethestudentswithbasicknowledgeofmicroorganismsingeneral.

2.Toapplyprinciples,conceptsandterminologiesusedinmicrobiology.

3.Tostudythemaincharacteristicsofmicrobesofmedicalimportance.

4.Toclassifythecocci.

5.Toclassifybacilli.

Whatismicrobiology?

 Microbesormicroorganismsareminutelivingthingsthatareusuallyunableto

beviewedwiththenakedeye.

Examplesincludebacteria,fungi,protozoa,algae,viruses.

Somearepathogenicwhilemanyarebeneficial.

 “Germ”–rapidlymultiplyingcells.

 Microbiologyisthestudyoforganismsthataretoosmalltobeseenwithnaked

eye.Microbiologistsareconcernedwithcharacteristicsandfunctionssuchas

morphology,cytology,physiology,ecology,taxonomy,geneticsandmolecular

biology.

Microorganisms

Noncellularorganism -Virus

Prokaryotes-Bacterium

Eukaryotes-Fungi

Others–prions,viroid
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 Organismsincludedinstudyofmicrobiologyinclude;

o Bacteria–Bacteriology

o Protozoans–Protozoology

o Algae–Phycology

o Parasites–Parasitology

o Fungi–Mycology

o Viruses–Virology

Fundamentalsofmicrobiology(Bacteriology,virology,mycology)

 Biologicalproperties;

o Morphology,identification.

o Antigenicstructure.

 Pathogenesisandpathology

o Clinicalfinding

 Diagnosticlaboratorytests

 Immunity

 Epidemiology,treatment,preventionandcontrol.

Historyofmicrobiology

i. AntonyvonLeeuwenhoek(1675)

Hedescribedtheanimalcules(littleanimals)whichhefoundinwaterwhen
examiningrain-waterunderhishome-mademicroscope.Makingmicroscopeand
magnifyinglenseswashishobby.

ii. MarcAntonyvonPenciz(1762)

HewasaViennesephysician,publishedathesisinwhichhestatedthatitwashis
beliefthatdiseasewascausedbylivingorganism andthateachdiseasehaditsown
organism.Henotonlybelievedthattherewasanorganism foreachdiseasebutalso
thoughtthattheorganism multipliedwithinthebodyandsuggestedthattheymight
betransferredfrom persontopersonthroughthatairasGirolamoFrancastarohad
suggested.

iii. JohnNeedhan(1748)

Hewasprobablythegreatestsupporterofthetheoryofspontaneousdegeneration.
Hepublishedmaterialadvocatingforthattheory.(Spontaneousmeansoccurring
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withoutexternalstimulation).
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iv. EdwardJenner(1796)

HewasanEnglishphysician.Heintroducedthemodernmethodofvaccinationto
preventsmall-pox.May14th,1796markedepicalcontributiontotheworld
preventivemedicine.Throughcarefulobservation,Jennernotedthatmilkmaidswho
contractedcow-poxwhilemilkingweresubsequentlyimmunetosmall-pox.He
performedavaccinationagainstsmall-poxbytransferringmaterialsfrom cow-pox
pustuleonthehandofamilkmaidtothearm ofasmallboynamedJamesPhipps.
Sixweekslatertheboywasinoculatedwithsmall-poxandfailedtodevelopthe
disease.

v. TheodorSchwann(1861)

Heprovedthatyeastswerelivingthings.Hedisapprovedthetheoryofspontaneous
degenerationandheisregardedasthefounderofthegerm theoryofputrefaction
andFermentation.Hegaveanaccurateaccountofyeastsandtheirmodeof
reproductionbybudding.

vi. LouisPasteur(1861)

HewasaFrenchscientist(chemist)whodisapprovedthetheoryofspontaneous
degenerationinhisworkoffermentation.Heintroducedtheconceptofanaerobic
bacteriaandhisworkonfermentationprovedthatthebreakdownofsugarto
alcoholwastheresultoftheactionofmicro-organism.

Hedevisedtheprocessofdestroyingbacteriaknownaspasteurization.Heproved
that“diseaseofwine”couldbepreventedwithoutalteringtheflavorbyheatingthe
wineforashorttimetoatemperature(55to60degreescentigrade)alittlemore
thanhalf-waybetweenfreezingandboilingpoint.

Thisprocessknownaspasteurizationisemployedthroughoutthecivilizedworld
todaytopreservemilkandotherperishablefoods.Pasteurdiscoveredamethodof
breedingbacteriabyputtingthem in“sterilesoup”whichisnowknownas“bacteria
broth”.Healsodevelopedanthraxvaccine.Theinitialdemonstrationofthisvaccine
isoneofthemostdramaticepisodesinthemedicalhistory.Heworkedinthe
treatmentofrabieswhichismostwidelyknownanddevelopedavaccineagainstit.

Hediscoveredthatrabiesinfectionattachedthebrain.Hegotthebrainofinfected
dog and keptitin a sterile containerin orderto reduce thevirulence ofthe
organismsinit.From severalexperiments,heproducedadosagethatcouldprevent
ahealthdogfrom contactingrabiesandlater,hewasabletoimmunizerabiesa
childwiththispreparationfrom thedog’sbrain.LouisPasteurdiedin1895andhis
bodyliesinthePasteurInstituteofFrancetoday.
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vii. JosephLordLister(1865)

AnEnglishsurgeon,appliedantiseptictreatmenttothepreventionandcureof
wound infection.From his observations in surgery,he concluded thatwound
infectionswereduetomicrobes.Withthisinmind,heprotectedwoundswith
dressingssaturatedwithsolutionsofcarbolicacid(phenol)anddevisedoperating
roomsprocedurescalculatedtodestroymicro-organisms.Thesemethodswerefar
reachingineffectsthathewillbealwaysbeknownasthe“fatherofantiseptic
surgery”.

viii. William Budd(1873)

Hemadeaveryaccuratestudyoftyphoidfeverandbelievedthatthediseasewas
infectiousandthecausativeorganism wasexcretedinthefeacesofthepatient.He
suspectedthatcontaminationofmilkandwaterplayedanimportantpartinthe
spreadofthedisease.

ix. RobertKoch(1876)

He was a German bacteriologist.He is second onlyto Louis Pasteuron his
contributiontothescienceofbacteriology.Heisolatedanthraxbacilliandprovedit
asasoleagentthatisresponsibleforanthraxdisease.Heperfectedhistechnique
ofisolatingbacteriainpureculture.Thismethodisuseduptotoday.Heintroduced
the useofsolid culturemedia.He wasthe firstto stain bacterialsmearsin
accordancewiththemethodsusedtoday.Likewise,thehangingdropmethodfor
studyingbacterialmotilityasusedtodayisaproductofhisgenius.Hediscovered
mycobacterium tuberculosis also known as Koch’s bacilli.He also discovered
tuberculinknowntodayasKoch’spostulatewhichremainstothisdaythebasisof
experimentalinvestigationofinfectiousdisease.

x. HanChristianGram (1884)

HewasaDanishphysicianworkinginBerlin.Heintroducedaveryimportantmethod
ofdifferentialstainingknownasGrams’method.Gram utilizedmethodearlierused
byPaulEhrlichs’basicprocedureinstainingbacteria.Henotedthatafterstaining
bacteriawithmethylvioletwhileotherdonot(LatertakeCounter-stainNeutralRed)
Gram methodremainessentiallyunalteredtodayandisusedwidely.

xi. ZiehlZiehlandFriederichNeelsen(1892)

Ziehland Neelsen developed the modern method ofstaining mycobacterium
tuberculus.ThemeritofstainingtuberclebacillibelongtoPaulEhrlichswhose
methodslightlymodifiedbythetwoscientistsisusedtodayandtheirnamesare
attachedtothestainingmethodi.e.Ziehl-NeelsenStaining.

xii. William HenryWelch(1892)
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Welch is wellknown forhis originalresearch in microbiologyand pathology,
especiallyforhisstudiesofclostridium perfrigensanditsrelationtogas-gangrene.
Thisorganism isoftenreferredastoWelchbacillus(inoldbooks-clostridium
Welch).



Page7of7

xiii. PaulEhrlich(1896)

HewasaGermanscientistofextra-ordinarygenius.Hecontributedagreatmassof
knowledge ofmedicalscience and a large numberoftechnicalmethods he
proposedarenowindailyuseinmicrobiologyandchemicallaboratories.Heapplied
stainstocellsandtissueforpurposesofrevealingtheirfunctions.Hefoundedthe
scienceofhaematology.Hedidimportantresearchinimmunology.Hefoundthat
thespecificeffectofimmuneserum couldbedemonstratedinvivoandvitroand
introducedmethodsofstandardizingtoxinsandantibodies.

xiv. HowardT.Ricketts(1909)

Ricketts,anAmericanscientistdemonstratedthatRockyMountainspottedfever
wastransmittedbythewoodtick.Severalyearslaterheshowedthattarbardillo
(Americantyphus)wastransmittedbythebodylouseandintheinvestigation,he
contractedthediseaseanddiedofit,thusbecomingamartyrtothediseaseprocess
hewasstudying.Hisnamehasbeengiventothewholegroupofrelatedorganisms
knownastheRickettsia.

xv. SirAlexanderFleming(1928)

Fleming,aScottishbacteriologistfoundapatchofgreenmouldwhichhadfallen
haphazardlyupononeofhisculturesandhebecameinterestedinitsantibacterial
action.Hereportedthatthismould-penicillium notatum elaboratedduringitsgrowth
asubstancewhichinhibitedthedevelopmentofcertainbacteria.Hecalledthe
substance “penicillin”.Fleming own life at one time was saved from an
overwhelmingpneumoniabytheveryagenthehaddiscovered.Tohisgreatdelight,
hemadeaspeedanddramaticrecovery.

NOTE

Following this greatdiscovery,many types ofantibiotics and chemotherapeutic
substanceshavebeendiscoveredandproducedsynthetically.

Genderequalityshouldbeembracedbecauseofitssignificancetothesocietyandthis
isconfirmedwiththefewwomenwhoalsomadesignificantcontributionstotheareaof
Microbiology,theyinclude:

i. EdnaSteinhardt(1913):Shewasthefirstpersontouseculturetechniqueto

growvirus.

ii. AliceC.Evans(1917-1923):Sheinvestigatedundulantfever(Brucellosis).

iii. GladysDick(1921-1927):SheassistedherhusbandGeorgeDickinhiswork

onbacteriologicalandserologicalstudyof“scarletfever”.

iv. AliceWoodruff(1931):Shegrewvirusinafertileegg.
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v. Rebecca Lancefield (1928-1933): She published the methods of

classificationofstreptococci.

vi. SarahSteward(1953):Shecarriedoutasignificantresearchintumorsin

animalinducedbyvirus.

Definitionofterminologies

1.Aerobe–organismsthatgrowinthepresenceofatmosphericoxygen.

2.Anaerobe–growsinabsenceoffreeoxygen.

3.Aerotolerantanaerobes–microbesthatgrowequallywellwhetherornotoxygen

ispresent.

4.Facultativeanaerobes–microbesthatdon’trequireoxygenforgrowthbutdo

growbetterinitspresence.

5.Microaerophile–requireslowlevelofoxygenforgrowtharound2to10%butis

damagedbynormalatmosphericoxygenlevel.

6.Monotrichous–havingasingleflagellum.

7.Amphitrichous–havingasingleflagellum ateachend.

8.Lophotrichous–clusterofflagellaatoneendorbothends.

9.Peritrichous–flagellaalloverthebody.

10.Attenuation–reducedvirulencebutcanprovoketheimmunesystem.

11.Pathogen–anyvirus,bacteriaorotheragentsthatcausedisease.

12.Pathogenicity–abilitytocausedisease.

13.Virulence–degreeorintensityofpathogenicityofanorganism.

14.Disinfection–killing,inhibitionorremovalofmicroorganismsthatmaycause

disease.Itusuallyreferstothetreatmentofinanimate.

15.Sterilization–processbywhichalllivingcells,viablespores,viruses,andviroids

areeitherdestroyedorremovedfrom anobjectorhabitat.

16.Sanitization–reductionofthemicrobialpopulationonaninanimateobjectto

levelsjudgedsafebypublichealthstandards.

17.Bacteremia–presenceofviablebacteriaintheblood.

18.Septicemia–severeconditionofbacteremiawhichincludesrapidmultiplication
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ofbacteriaandtoxinsintheblood.

19.Viremia–presenceofthevirusintheblood.

20.Pyrogenic–inducingfever

21.Antipyretic–whichreducestemperature,givenincaseoffever.

22.Hemolysis–disruptionofredbloodcellsandreleaseoftheirhaemoglobin.

23.α-hemolysis–partialhemolysis,thegreenishzoneofincompletehemolysis

formsaroundthecolony.

24.β-hemolysis–clearzoneofcompletehemolysis.

25.γ-hemolysis–nohemolysis.

26.Antibiotic–substanceofmicrobialoriginoritsderivativethatkillssusceptible

microorganismsorinhibitstheirgrowth.

27.Antibody–alsoknownasimmunoglobulin,aglycoproteinproducedinresponse

totheantigen.

28.Antigen–substance,whenintroducedintothebody,stimulatestheproduction

ofantibodies.

29.Bacteriostatic–inhibitingthegrowthofbacteriawithoutkillingthem.

30.Bactericide-anagentthatkillsbacteria.

31.Saprophytes-Thesemicroorganismsarenonpathogenic;theirnaturalhabitatis

deadorganicmatter

32.Commensals-Normalinhabitantsofskinandmucosa;thenormalfloraisthus

thetotalcommensalpopulation

33.Pathogenicmicroorganisms-Classicdisease-causingpathogens

34.Opportunistsorfacultativelypathogenicmicroorganisms-Cancausediseasein

immunocompromisedindividualsgivenan“opportune”situation;theseare

frequentlygermsofthenormalfloraoroccasionallyfrom thesurrounding

environment,animals,orothergerm carriers

35.Incubationperiod-Timebetweeninfectionandmanifestationofdisease

symptoms;thisspecificdiseasecharacteristiccanbemeasuredinhours,days,

weeks,orevenyears

36.Prepatency-Aparasitologicalterm:timebetweeninfectionandfirstappearance

ofproductsofsexualreproductionofthepathogen.
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37.Infectionspectrum -Thetotalityofhostspecies“susceptible”toinfectionbya

givenpathogen

38.Minimum infectivedose-Smallestnumberofpathogenssufficienttocausean

infection

39.Modeofinfection-Methodorpathwayusedbypathogentoinvade.

40.Contamination-Microbiologicalpresenceofmicroorganismsonobjects,inthe

environment,orinsamplesforanalysis

41.Colonization-Presenceofmicroorganismsonskinormucosa;nopenetration

intotissues;typicalofnormalflora;pathogenicmicroorganismsoccasionally

alsoshowcolonizationbehavior

42.Infection-Invasionofahostorganism bymicroorganisms,proliferationofthe

invadingorganisms,andhostreaction

43.In-apparent(orsubclinical)infection-Infectionwithoutoutbreakofclinical

symptoms

44.Infectiousdisease(orclinicalinfection)-Infectionwithoutbreakofclinical

symptoms

45.Probabilityofmanifestation-Frequencyofclinicalmanifestationofaninfection

indisposedindividuals(%)

46.Endogenousinfection-Infectionarisingfrom thecolonizingflora

47.Exogenousinfection-Infectionarisingfrom invasionofhostbymicroorganisms

from sourcesexternaltoit

48.Nosocomialinfection-Infectionacquiredduringhospitalization(urinarytract

infections,infectionsoftherespiratoryorgans,woundinfection,sepsis)

49.Localinfection-Infectionthatremainsrestrictedtotheportalofentryand

surroundingarea

50.Generalizedinfection-Lymphogenousand/orhematogenousspreadofinvading

pathogenstartingfrom theportalofentry;infectionoforganstowhichpathogen

showsaspecificaffinity(organotropism);threestages:incubation,

generalization,organmanifestation

51.Sepsis-Systemicdiseasecausedbymicroorganismsand/ortheirtoxicproducts;

thereisoftenalocalizedfocusofinfectionfrom whichpathogensortoxic
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productsenterthebloodstream continuouslyorinintermittentphases

52.Superinfection-Occurrenceofasecondinfectioninthecourseofafirst

infection

53.Relapses-Seriesofinfectionsbythesamepathogen

54.Reinfection-Seriesofinfectionsbydifferentpathogens

CLASSIFICATIONOFMICROORGANISMS

Theagentsofhumaninfectiousdiseasesarebacteria,fungi(yeastsandmolds),

protozoa,helminths(worms),andviruses.

Bacterialcellshaveaprokaryoticnucleus,whereasfungal,protozoan,andhelminth

cellshaveaeukaryoticnucleus.

Virusesarenotcellsanddonothaveanucleus.

AllcellscontainbothDNAandRNA,whereasvirusescontaineitherDNAorRNA,butnot

both.

Bacterialandfungalcellsaresurroundedbyarigidcellwall,whereas,protozoan,and

helminthcellshaveaflexiblecellmembrane.

Thebacterialcellwallcontainspeptidoglycan,whereasthefungalcellwallcontains

chitin.

Prokaryoticandeukaryoticcells

Allmicroorganismsthatarecapableofself-multiplicationcanbedifferentiatedbytheir

celltypeintoonetwogroups;

 Theprokaryoticgroup–withverysimplecellstructure,andincludesbacteria,

rickettsiae,chlamydiae,andmycoplasma.

 Theeukaryoticgroup–withcomplexcellstructureandincludesprotozoaand

fungi.

Thedifferencesbetweenprokaryoteandeukaryotecells
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Prokaryoticcells Eukaryoticcells

Smallcells(<5µm) Largercells(>10µm)

Lacknucleus Havenucleus

Membrane-boundorganellesareabsent Membrane-boundorganellesarepresent

Unicellular Mostlymulticellular

CircularDNAform LinearDNAform

Simplecellstructure Complexcallstructure

Multiplythroughbinaryfission Multiplythroughmitosis

Classificationofbacteria

Theclassificationofbacteriaisbasedonvariouscriteria,suchasthemorphology,

stainingcharacteristics,abilitytogrowinthepresenceorabsenceofoxygen,andability

toform spores.

ThecriterioncurrentlyusedisthebasesequenceofthegenomeDNA.Severalbacteria

havebeenreclassifiedonthebasisofthisinformation.

Bacteriaarefurtherbrokendownintotaxonomicgroups(taxa)basedonrelationships

bestelucidatedbyknowledgeoftheevolutionaryfacts.Informalterms,theprokaryotes

areclassifiedinphyla,classes,orders,families,genera,andspecies,plussubtaxaifany:

Family: Enterobacteriaceae

Genus: Escherichia

Species: E.coli

1.Morphologyofbacteria

Severalspeciesofbacteriaareabletochangetheirform,especiallyafterbeing

grownonnaturalmedia.Organismswhichshowvariationinform aredescribed

aspleomorphic.

Morphologicallybacteriacanresemble;

 Cocci–round(singularcoccus),theymayform pairs(diplococci,e.g.
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mengicocciandgonococci),chains(streptococci,e.g.Streptococcus

pyogens)orirregulargroups(staphylococci,e.g.Staphylococcusaureus)

 Bacilli–rods(singularbacillus),theymayform:

 Chainse.g.Streptobacillusspecies

 Branchingchainse.g.lactobacilli.

 Masstogethere.g.Mycobacterium leprae.

 RemainattachedatvariousanglesresemblingChineseletters,e.g.

Corynebacterium diptheriae.

 Vibrios–curvedrods(singularvibrio)e.g.Vibriocholera

 Spirilla–coiled(singularspirillum)e.g.Spirillum minus

 Spirochaetes–coiled(singularspirochaete).Aredevidedintothree;

treponemes(T.pallidum andT.pertenue),borreliae(B.duttoniandB.

vincenti),leptospires(Leptospirainterrogans).
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2.Stainingcharacteristics(Gram stain)

Itremainsanimportantandusefultechniquetothisdayasitallowsalarge

proportionofclinicallyimportantbacteriatobeclassifiedaseitherGram positiveor

negativebasedontheirmorphologyanddifferentialstainingproperties.Slidesare

sequentiallystainedwithcrystalviolet,iodine,thendestainedwithalcoholand

counter-stainedwithsafranin.Gram positivebacteriastainblue-purpleandGram

negativebacteriastainred.Thedifferencebetweenthetwogroupsisbelievedtobe

duetoamuchlargerpeptidoglycan(cellwall)inGram positives.Asaresultthe

iodineandcrystalvioletprecipitateinthethickenedcellwallandarenotelutedby

alcoholincontrastwiththeGram negativeswherethecrystalvioletisreadilyeluted

from thebacteria.

Somebacteriasuchasmycobacteria(thecauseoftuberculosis)arenotreliably

stainedduetothelargelipidcontentofthepeptidoglycan.Alternativestaining

techniques(Kinyounoracidfaststain)arethereforeusedthattakeadvantageofthe

resistancetodestainingafterlengthierinitialstaining.

3.GrowthRequirements

Microorganismscanbegroupedonthebasisoftheirneedforoxygentogrow.

Facultativeanaerobicbacteriacangrowinhighoxygenorlowoxygencontentand

areamongthemoreversatilebacteria.

Incontrast,strictanaerobicbacteriagrowonlyinconditionswherethereisminimal

ornooxygenpresentintheenvironment.Bacteriasuchasbacteroidesfoundinthe

largebowelareexamplesofanaerobes.

Strictaerobesonlygrowinthepresenceofsignificantquantitiesofoxygene.g.

Pseudomonasaeruginosa,

Microaerophilicbacteriagrowunderconditionsofreducedoxygenandsometimes

alsorequireincreasedlevelsofcarbondioxidee.g.Neisseriaspecies

4.Biochemicalreactions

Clinicalmicrobiologylaboratoriestypicallywillidentifyapathogeninaclinical

sample,purifythemicroorganism byplatingasinglecolonyofthemicroorganism on

aseparateplate,andthenperform aseriesofbiochemicalstudiesthatwillidentify

thebacterialspecies.Forexamplelactosefermentationtest.
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5.Serologicsystems:

Selectedantiseracanbeusedtoclassifydifferentbacterialspecies.Thismaybe

basedoneithercarbohydrateorproteinantigensfrom thebacterialcellwallorthe

capsularpolysaccharide.(GroupAstreptococcalM proteinsorOandH

polysaccharideantigensofsalmonella).

6.EnvironmentalReservoirs:

Whenconsideringlikelypathogensitisalsoimportanttoknowwhichofthedifferent

speciesarefoundindifferentlocations.Environmentalreservoirsaregenerally

dividedintothosethatareendogenous(i.e.,onorwithinthehumanbody)and

exogenous(somewhereintheenvironment).

Assignment

DrawachartclassifyingbacteriabasedonGram stainingcharacteristics,morphology,

growthrequirementsandbiochemicaltestswithexamples.

PROPERTIESOFMICROORGANISMS

Theseincludethestructure,reproduction,PhysiologyofMetabolism andGrowthin

Bacteria,pathogenesisandantigenicity,andgeneticproperties.

i. Bacterialstructure

Thebacterialcellconsistof:

 Cytoplasm containingthebacterialchromosome(genome),ribosomes,

storedenergyinclusionsandplasmids(extrachromosomalfragments).

 Cytoplasmicmembraneandmesosomes.

 Cellwallexceptbacteriawithdeficientcellwalls.

 Externalstructuresincluding(dependingonthespecies)acapsule,

fimbrae(pili),andflagella.

 SporesareformedbyBacillusandClostridium speciesofbacteria.

i. Genome:organizedintochromosomesconsistofasinglecircular

chromosomesofdouble-strandedDNAcoiledinthecytoplasm.

ii. Plasmids:double-strandedcircularDNAmaterialsenablinggenetic

materialexchange.

iii. Ribosomes:siteofproteinproductioncomposedofRNAand
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proteins.

iv. Inclusiongranules:composedofvolutin,lipidandpolysaccharide

andaresourceofenergy.

v. Cytoplasmicmembraneandmesosomes:cytoplasmicmembrane

controlsthemovementofwater,nutrients,andexcretory

substancesinandoutofthecellandalsosecretesextracellular

enzymesandtoxins.Mesosomesaresitesforrespiratoryenzymes

andassistwithcellreproduction.

vi. Cellwall:protectsagainstosmoticdamage.Basedonthe

compositionofthebacterialcellwall,mostbacteriawhenstained

byGram stainingtechniquecanbedividedintothosethatareGram

positivei.e.retainthestaincrystalvioletandthosethatareGram

negativei.e.aredecolorizedandtakeupthecolourofthered

counterstain.

vii. Externalstructure:flagella(formotilitye.g.Salmonellaspecies),

fimbriae/pili(enableadherencetohostcellsandtooneanother

andsexpilienableconjugation),capsule(increasesvirulenceofthe

organism).

viii. Spores:changeintheenzymeactivityandmorphology.Formation

ofresistantendospores.

Assignment

Drawandlabelthestructureofabacteria

ii. Reproductionofbacteria

 Bacteriabysimplecelldivisionknownasbinaryfission(splittingintotwo).

 Thesingle-strandedDNAreproducesitselfexactly.

 Theinformationrequiredtomakethecell’sproteinisencodedinthe

bacterialgenome.

 Messenger(m)RNAistranscribedfrom theDNAchromosomeandthe

proteinstranslatedfrom themRNAareassembledbytheribosomes.

SeveralenzymesareinvolvedinDNAreplicationandproteinproduction.

 Bacterialmutationmayoccurinresponsetoenvironmentalchanges.
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 GenetransferoccurswhenfragmentsofchromosomalDNAfrom one

bacterium aretransferredintoanotherbacterialcellbyphage(virusthat

infectsabacterium).

 Whenabacterialspeciesproducesseveralformseachwithitsown

characteristic,thevariationsarecalledstrains.

iii. ThePhysiologyofMetabolism andGrowthinBacteria

 Humanpathogenicbacteriaarechemosyntheticandorganotrophic

(chemo-organotrophic).Theyderiveenergyfrom thebreakdownof

organicnutrientsandusethischemicalenergybothforresynthesisand

secondaryactivities.

 Bacteriaoxidizenutrientsubstratesbymeansofeitherrespirationor

fermentation.Inrespiration,O2istheelectronandprotonacceptor,in

fermentationanorganicmoleculeperformsthisfunction.Human

pathogenicbacteriaareclassifiedintermsoftheirO2requirementsand

toleranceasfacultativeanaerobes,obligateaerobes,obligateanaerobes,

oraerotolerantanaerobes.

 Nutrientbrothoragarisusedtocultivatebacteria.Nutrientagarcontains

theinertsubstrateagarose.

 Selectiveandindicatormediumsareusedfrequentlyindiagnostic

bacteriology.

 Bacteriareproducebymeansofsimpletransversebinaryfission.Thetime

requiredforcompletecelldivisioniscalledgenerationtime.Thein-vitro

generationtimeofrapidlyproliferatingspeciesis15–30minutes.This

timeismuchlongerinvivo.Thegrowthcurveforproliferationinnutrient

brothisnormallycharacterizedbythephaseslag,log(orexponential)

growth,stationarygrowth,anddeath.

Assignment

Drawanddescribethebacterialgrowthcurve.

iv. Pathogenesis

Theterm pathogenreferstothosemicrobescapableofcausingdisease,

especiallyiftheycausediseaseinimmunocompetentpeople.Theterm
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opportunisticpathogenreferstomicrobesthatarecapableofcausingdisease

onlyinimmunocompromisedpeople.Virulenceisameasureofamicrobe’s

abilitytocausedisease(i.e.,ahighlyvirulentmicroberequiresfewerorganisms

tocausediseasethanalessvirulentone).Thevirulenceofamicrobeis

determinedbyvirulencefactors,suchascapsules,possessionofpili,production

ofextracellularenzymes,exotoxins,orendotoxinsproduction.Whetheraperson

getsaninfectiousdiseaseornotisdeterminedbythebalancebetweenthe

numberandvirulenceofthemicrobesandthecompetencyofthatperson’shost

defenses.

Manyinfectionsareasymptomaticorinapparentbecauseourhostdefenses

haveeliminatedthemicroorganism beforeitcouldmultiplytosufficientnumbers

tocausethesymptomsofdisease.

Theterm infectionhastwomeanings:

o Thepresenceofmicrobesinthebody.

o Thesymptomsofdisease.Thepresenceofmicrobesinthebodydoes

notalwaysresultinsymptomsofdisease

Bacteriacausethesymptomsofdiseasebytwomainmechanisms:

o Productionoftoxins(bothexotoxinsandendotoxins).

o Inductionofinflammation.

Mostbacterialinfectionsarecommunicable(i.e.,capableofspreadingfrom

persontoperson),butsomearenot(e.g.,botulism andLegionellapneumonia).

Threeepidemiologictermsareoftenusedtodescribeinfections:

o Endemicinfectionsarethosethatoccuratapersistent,usuallylowlevel

inacertaingeographicarea(constantlypresentinacommunityorregion.).

Sporadicinfectionisonewhichbreaksoutonlyoccasionally.

o Epidemicsarethoseinfectionsthatoccuratamuchhigherratethan

usual(anacuteoutbreak.)

o Pandemicsarethoseinfectionsthatspreadrapidlyoverlargeareasofthe

globe.

DeterminantsofBacterialPathogenesis
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 Transmission

o Themodesoftransmissionofmicrobesincludebothhuman-to-

humanandnonhuman-to-humanprocesses.Nonhumansources

includeanimals,soil,water,andfood.

o Human-to-humantransmissioncanoccureitherbydirectcontactor

indirectlyviaavectorsuchasaninsect,notablyticksormosquitoes.

Animal-to-humantransmissioncanalsooccureitherbydirect

contactwiththeanimalorindirectlyviaavector.

o Themain“portalsofentry”intothebodyaretherespiratorytract,

gastrointestinaltract,skin,andgenitaltract.

o Humandiseasesforwhichanimalsarethereservoirarecalled

zoonoses.

 AdherencetoCellSurfaces

o Piliarethemainmechanism bywhichbacteriaadheretohumancells.

Theyarefibersthatextendfrom thesurfaceofbacteriathatmediate

attachmenttospecificreceptorsoncells.

o Glycocalyxisapolysaccharide“slimelayer”secretedbysomestrains

ofbacteriathatmediatesstrongadherencetocertainstructures

suchasheartvalves,prostheticimplants,andcatheters.

 Invasion,Inflammation,&IntracellularSurvival

o Invasionoftissueisenhancedbyenzymessecretedbybacteria.For

example,hyaluronidaseproducedbyStreptococcuspyogenes

degradeshyaluronicacidinthesubcutaneoustissue,allowingthe

organism tospreadrapidly.

Thecapsulesurroundingbacteriaisantiphagocytic(i.e.,itretardsthe

phagocytefrom ingestingtheorganism).

o Inflammationisanimportanthostdefenseinducedbythepresence

ofbacteriainthebody.Therearetwotypesofinflammation,

pyogenic(pus-producing)andgranulomatous,(granuloma-producing

bacteria)andbacteriatypicallyelicitonetypeortheother.
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o Bacteriacanevadeourhostdefensesbyaprocesscalled

intracellularsurvival(i.e.,bacteriathatcanlivewithincellsare

protectedfrom attackbymacrophagesandneutrophils).

 Exotoxins

o Exotoxinsarepolypeptidessecretedbycertainbacteriathatalter

specificcellfunctionsresultinginthesymptomsofdisease.Theyare

producedbybothgram-positiveandgram-negativebacteria,whereas

endotoxinisfoundonlyingram-negativebacteria.

o Exotoxinsareantigenicandinduceantibodiescalledantitoxins.

Exotoxinscanbemodifiedtoform toxoids,whichareantigenicbut

nottoxic.Toxoids,suchastetanustoxoid,areusedtoimmunize

againstdisease.

 Endotoxins

o Endotoxinsarelipopolysaccharides(LPS)locatedintheouter

membraneonlyofgram-negativebacteria.Theyarenotsecretedby

bacteria.

o Endotoxinsarepoorlyantigenic,donotinduceantitoxins,anddonot

form toxoids.

TypicalStagesofanInfectiousDisease

Thereareoftenfourdiscretestages;

 Theincubationperiodisthetimebetweenthemomentthepersonis

exposedtothemicrobe(ortoxin)andtheappearanceofsymptoms.

 Theprodromeperiodisthetimeduringwhichnonspecificsymptoms

occur.

 Thespecific-illnessperiodisthetimeduringwhichthecharacteristic

featuresofthediseaseoccur.

 Therecoveryperiodisthetimeduringwhichsymptomsresolveand

healthisrestored.

Aftertherecoveryperiod,somepeoplebecomechroniccarriersoftheorganism

andinotherslatentinfectionsdevelop.
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Somepeoplehavesubclinicalinfectionsduringwhichtheyremainasymptomatic.

Thepresenceofantibodiesrevealsthatapriorinfectionhasoccurred.

v. Geneticproperties

 BacteriahaveonlyonecopyoftheirgenomeDNA(i.e.,theyarehaploid).

Incontrast,eukaryoticcellshavetwocopiesoftheirgenomeDNA(i.e.,

theyarediploid).BacterialDNAiscircular;humannuclearDNAislinear.

 ThetransferofDNAwithinbacterialcellsoccursbytwoprocesses:

movementoftransposonsandprogrammedrearrangements.

 TransposonsaresmallpiecesofDNAthatmovereadilyfrom one

siteonthebacterialchromosometoanotherorfrom thebacterial

chromosometoaplasmid.Medically,transposonsareimportant

becausetheycommonlycarryantibioticresistancegenes.The

transferoftransposonsonplasmidstootherbacteriaby

conjugationcontributessignificantlytoantibioticresistance.

 Programmedrearrangementsarethemovementofgenesfrom

inactive(storage)sitesintoactivesites,wheretheyareexpressed

asnewproteins.Medically,thisisimportantbecausebacteriacan

acquirenewproteins(antigens)ontheirsurfaceandevadethe

immunesystem.Twoimportantorganismsinwhichthisoccursare

Neisseriagonorrhoeae,thecauseofgonorrhea,andTrypanosoma

brucei,aprotozoanthatcausesAfricansleepingsickness.

 ThetransferofDNAbetweenbacterialcellsoccursmainlybytwo

processes:conjugationandtransduction.

 ConjugationistheprocessbywhichDNA,eitherplasmidor

chromosomal,istransferreddirectlyfrom onebacterium toanother.

Forconjugationtooccur,thedonorbacterium musthavethesex

pilus.Plasmidscarryingantibioticresistancegenesarecommonly

transferredbyconjugation.

 TransductionistheprocessbywhichDNA,eitherplasmidor

chromosomal,istransferredfrom onebacterium toanotherbya
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virus.ThetransferredDNAintegratesintothechromosomalDNA

oftherecipient,andnewproteins,suchasexotoxins,aremade-a

processcalledlysogenicconversion.

 TransformationistheprocessbywhichDNAitself,eitherDNA

releasedfrom dyingcellsorDNApurifiedinthelaboratory,entersa

recipientbacterium.Medically,thisprocessappearstobeless

importantthanconjugationandtransduction.
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CLINICALIMPORTANCEOFMICROORGANISMS

Theclinicalimportanceinclude;

 Diagnosis,treatment,preventionandcontrolofdiseases.

 Productionofantibiotics.

 Productionofvaccines.

 Digestionoffoodinhuman.

 Usedasfoodsupplementssuchasyeast.

SOURCESOFMICROORGANISMS

Everyinfectionhasasource.Theprimarysourceofinfectionisdefinedasthelocation

atwhichthepathogenispresentandreproduces.Secondarysourcesofinfectionare

inanimateobjects,materials,orthirdpersonscontributingtotransmissionofpathogens

from theprimarysourcetodisposedpersons.

PrimarySourcesofInfection

 Infectedperson-Themostimportantsource;asarule,pathogensareexcreted

bytheorgansystem throughwhichtheinfectionentered;therearesome

exceptions

 Carriersduringincubation-Excretionduringincubationperiod;typicalofmany

viraldiseases

 Carriersinconvalescence-Excretionafterthediseasehasbeenovercome;

typicalofentericsalmonellosis

 Chroniccarriers-Continuedexcretionforthreeormoremonths(evenyears)

afterdiseasehasbeenovercome;typicaloftyphoidfever

 Asymptomaticcarriers-Theycarrypathogenicgermsonskinormucosawithout

developing“infection”

 Animalcarriers-Diseasedorhealthyanimalsthatexcretepathogenicgerms

 Environment-Soil,plants,water;primarysourceofmicroorganismswithnatural

habitatinthesebiotopes

NOTE

ReadandmakenotesonNormalFloraoftheSkin,theRespiratoryTract,the

IntestinalTractandtheGenitourinaryTract.
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MODESOFTRANSMISSION

 Anunderstandingofthemodeoftransmissionofbacteriaandotherinfectious

agentsisextremelyimportantfrom apublichealthperspective,because

interruptingthechainoftransmissionisanexcellentwaytopreventinfectious

diseases.

 Pathogenscanbetransmittedfrom asourceofinfectionbydirectcontactor

indirectly.

 Person-to-persontransmissionconstitutesahomologouschainofinfection.The

infectionsinvolvedarecalledanthroponoses.

 Incasesinwhichthepathogenistransmittedtohumansfrom othervertebrates

(andoccasionallytheotherwayaround)wehaveaheterologouschainof

infectionandtheinfectionsareknownaszoonoses.

 Fomitesareinanimateobjects,suchastowels,thatserveasasourceof

microorganismsthatcancauseinfectiousdiseases.

 Therearefourimportantportalsofentry:respiratorytract,gastrointestinaltract,

genitaltract,andskin

 Modesoftransmissioninclude;

 Ingestionofpathogensincontaminatedfoodorwater.E.g.cholera,

typhoid.

 Inhalingpathogensinairbornedroplets.E.g.tuberculosis,influenza.

 Directcontactfrom onepersontoanothere.g.HIV,syphilis

 Biteofanarthropodvectore.g.bubonicplague,dengue,andriftvalley

fever.

 Throughopenwoundsorcutsasininfectionsoftheskinsuchasboils

andabscessesandtetanus.

 BloodandbloodproductssuchasHIV,HBVandHCV.

 Vertical/congenitaltransmissionfrom mothertochildduringpregnancy

orchildbirthsuchasHIV

Factorsinfluencingtransmissionofmicroorganisms.

 Inadequatesurveillance,preventiveandcontrolmeasures.
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 Socioeconomicfactorsincludingpoverty,malnutrition.

 Inadequateandcontaminatedwatersupplies.

 Climaticfactorsincludingextremerainfallandflooding.

 Geographicalfactorsincludingthedifficultiestoaccesstoremoteareas

toprovidevaccination.

 Unavailabilityofdrugsandnon-compliancebypatients.

 Ineffectivehealtheducationorlackofaccesstohealtheducation.

LABORATORYINVESTIGATIONOFMICROBIALINFECTIONS

Thisinvestigationinvolves:

 Examiningspecimenstodetect,isolate,andidentifypathogensortheirproducts

using;

o Microscopy–motility,morphology,andstainingreactions

o Culturetechniques–growthofpurecolonies,isolation,identificationand

antimicrobialsensitivitytesting.

o Biochemicalmethods–identificationofpathogensbytheirenzymaticand

fermentationreactions.

o Immunological(antigen)tests–involvesuseofspecificantibodies

(antiseraorlabelledantibodies)

INFECTIONPREVENTIONANDCONTROL

Aneffectivecountermeasureaimedatinterruptingthechainofinfectiontakesthe

form ofprophylacticmeasuresthatistheexposureprophylaxisandimmunization

prophylaxis.

ExposureProphylaxis

 Exposureprophylaxisbeginswithisolationofthesourceofinfection,in

particularofinfectedpersons,asrequiredforthediseaseathand.

 Quarantinehealthypersonswhohavebeenincontactwithasourceof

infection.

 Furthermeasuresofexposureprophylaxisincludedisinfectionand

sterilization,useofinsecticidesandpesticides,anderadicationofanimal

carriers.
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ImmunizationProphylaxis

Activeimmunization.Inactiveimmunization,theimmunesystem isstimulatedby

administrationofvaccinestodevelopadisease-specificimmunity.

Passiveimmunization.Thisvaccinationmethodinvolvesadministrationof

antibodiesproducedinadifferenthost.Thepassiveimmunityobtainedbythis

methodislimitedtoafewweeks(ormonthsatmost).

NOTE

Readandmakenotesonhost’sdefenses.

Cocci

Anaerobe

- Staphylococcus

- Streptococcus

- Enterococcus

- Peptostreptococc

us

Aerobeorfacultative

anaerobe

Rods

Anaerobe Aerobeorfacultative

anaerobe

- Actinomyces

- Clostridium

- Corynebacterium

- Listeria

- Lactobacillus

- Nocardia

- Mycobacterium

- Bacillus
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GRAM NEGATIVEBACTERIA

Cocci NeisseriaAerobe

Rods

Microaerophile Anaerobe Facultativ
e

Aerobe

- Pseudomo

nas
- Salmonell

a

- Shigella

- Klebsiella

- Proteus

- Escherich

ia

- Yersinia

- Bordetell

a

- Haemoph

- Bacteroide

s

- Fusobacte

- Campyloba
cter

- Borrelia
- Trepon

ema

- Leptospi

ra

Anaerobe

Aerobe

Spirochaete
s
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GRAM-POSITIVECOCCI

Therearetwomedicallyimportantgeneraofgram-positivecocci:Staphylococcusand
Streptococcus.TwoofthemostimportanthumanpathogensareStaphylococcus
aureusandStreptococcuspyogenes.Staphylococciandstreptococciarenon-motile
anddonotform spores.

Bothstaphylococciandstreptococciaregram-positivecocci,buttheyaredistinguished
bytwomaincriteria:

(1)Microscopically,staphylococciappearingrapelikeclusters,whereasstreptococci
areinchains.

(2)Biochemically,staphylococciproducecatalase(i.e.,theydegradehydrogen
peroxide),whereasstreptococcidonot.

STAPHYLOCOCCUS

Diseases

Staphylococcusaureuscausesabscesses,variouspyogenicinfections(e.g.,
endocarditis,septicarthritis,andosteomyelitis),foodpoisoning,scaldedskinsyndrome,
andtoxicshocksyndrome.Itisoneofthemostcommoncausesofhospital-acquired
pneumonia,septicemia,andsurgical-woundinfections.Itisanimportantcauseofskin
infections,suchasfolliculitis,cellulitis,andimpetigo.Itisthemostcommoncauseof
bacterialconjunctivitis.

Staphylococcusepidermidiscancauseendocarditisandprostheticjointinfections.
Staphylococcussaprophyticuscausesurinarytractinfections.Kawasakisyndromeisa
diseaseofunknownetiologythatmaybecausedbycertainstrainsofS.aureus.

ImportantProperties

Staphylococciaresphericalgram-positivecocciarrangedinirregulargrapelikeclusters.
Allstaphylococciproducecatalase,whereasnostreptococcido(catalasedegrades
H2O2intoO2andH2O).Catalaseisanimportantvirulencefactor.Bacteriathatmake
catalasecansurvivethekillingeffectofH2O2withinneutrophils.

Threespeciesofstaphylococciarehumanpathogens:S.aureus,S.epidermidis,andS.
saprophyticus.Ofthethree,S.aureusisbyfarthemostimportant.S.aureusis
distinguishedfrom theothersprimarilyby;

 Coagulaseproduction.Coagulaseisanenzymethatcausesplasmatoclotby
activatingprothrombintoform thrombin.Thrombinthencatalyzestheactivation
offibrinogentoform thefibrinclot.S.epidermidisandS.saprophyticusareoften
referredtoascoagulase-negativestaphylococci.

 S.aureusproducesacarotenoidpigmentcalledstaphyloxanthin,whichimparts
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agoldencolortoitscolonies.Thispigmentenhancesthepathogenicityofthe
organism byinactivatingthemicrobicidaleffectofsuperoxidesandother
reactiveoxygenspecieswithinneutrophils.S.epidermidisdoesnotsynthesize
thispigmentandproduceswhitecolonies.ThevirulenceofS.epidermidisis
significantlylessthanthatofS.aureus.

 S.aureususuallyfermentsmannitolandhemolyzesredbloodcells,whereasS.
epidermidisandS.saprophyticusdonot.Hemolysisofredcellsbyhemolysins
producedbyS.aureusisthesourceofironrequiredforgrowthoftheorganism.
Theironinhemoglobinisrecoveredbythebacteriaandutilizedinthesynthesis
ofcytochromeenzymesusedtoproduceenergy.

 Morethan90%ofS.aureusstrainscontainplasmidsthatencodeβ-lactamase,

theenzymethatdegradesmany,butnotall,penicillins.SomestrainsofS.aureus
areresistanttotheβ-lactamase–resistantpenicillins,suchasmethicillinand

nafcillin,byvirtueofchangesinthepenicillin-bindingprotein(PBP)intheircell
membrane.

S.aureushasseveralimportantcellwallcomponentsandantigens:

i. ProteinAisthemajorproteininthecellwall.Itisanimportantvirulence
factorbecauseitbindstoIgGatthecomplement-bindingsite,thereby
preventingtheactivationofcomplement.Asaconsequencethe
opsonizationandphagocytosisoftheorganismsaregreatlyreduced.
ProteinAisusedincertaintestsintheclinicallaboratorybecauseitbinds

toIgGandformsa“coagglutinate”withantigen–antibodycomplexes.The

coagulase-negativestaphylococcidonotproduceproteinA.

ii. Teichoicacidsarepolymersofribitolphosphate.Theymediateadherence
ofthestaphylococcitomucosalcells.Lipoteichoicacidsplayaroleinthe
inductionofsepticshockbyinducingcytokinessuchasinterleukin-1(IL-1)
andtumornecrosisfactor(TNF)from macrophages.

iii. Polysaccharidecapsuleisalsoanimportantvirulencefactor.Thereare11
serotypesbasedontheantigenicityofthecapsularpolysaccharide,but
types5and8cause85%ofinfections.SomestrainsofS.aureusare
coatedwithasmallamountofpolysaccharidecapsule,calleda
microcapsule.Thecapsuleispoorlyimmunogenic,whichhasmade
producinganeffectivevaccinedifficult.

iv. Surfacereceptorsforspecificstaphylococcalbacteriophagespermitthe
“phagetyping”ofstrainsforepidemiologicpurposes.Teichoicacidsmake
uppartofthesereceptors.

v. ThepeptidoglycanofS.aureushasendotoxin-likeproperties(i.e.,itcan
stimulatemacrophagestoproducecytokinesandcanactivatethe
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complementandcoagulationcascades).ThisexplainstheabilityofS.
aureustocausetheclinicalfindingsofsepticshockyetnotpossess
endotoxin.

Transmission

Humansarethereservoirforstaphylococci.Thenoseisthemainsiteofcolonization
ofS.aureus,andapproximately30%ofpeoplearecolonizedatanyonetime.People
whoarechroniccarriersofS.aureusintheirnosehaveanincreasedriskofskin
infectionscausedbyS.aureus.
Theskin,especiallyofhospitalpersonnelandpatients,isalsoacommonsiteof
S.aureuscolonization.Handcontactisanimportantmodeoftransmission,andhand
washingdecreasestransmission.
S.aureusisalsofoundinthevaginaofapproximately5%ofwomen,whichpredisposes
them totoxicshocksyndrome.Additionalsourcesofstaphylococcalinfectionare
sheddingfrom humanlesionsandfomitessuchastowelsandclothingcontaminated
bytheselesions.
DiseasecausedbyS.aureusisfavoredbyaheavilycontaminatedenvironment
(e.g.,familymemberswithboils)andacompromisedimmunesystem.

S.epidermidisisfoundprimarilyonthehumanskinandcanenterthebloodstream at
thesiteofintravenouscathetersthatpenetratethroughtheskin.

S.saprophyticusisfoundprimarilyonthemucosaofthegenitaltractinyoungwomen
andfrom thatsitecanascendintotheurinarybladdertocauseurinarytractinfections.

Pathogenesis

Staphylococcusaureus

Itcausesdiseasebothbyproducingtoxinsandbyinducingpyogenicinflammation.The
typicallesionofS.aureusinfectionisanabscess.Abscessesundergocentralnecrosis
andusuallydraintotheoutside(e.g.boils),butorganismsmaydisseminateviathe
bloodstream aswell.Foreignbodies,suchassuturesandintravenouscatheters,are
importantpredisposingfactorstoinfectionbyS.aureus.

SeveralimportanttoxinsandenzymesareproducedbyS.aureus.Thethreeclinically
importantexotoxinsareenterotoxin,toxicshocksyndrometoxin,andexfoliatin.

i. Enterotoxincausesfoodpoisoningcharacterizedbyprominentvomiting
andwatery,non-bloodydiarrhea.

ii. Toxicshocksyndrometoxin(TSST)causestoxicshock,especiallyin
tampon-usingmenstruatingwomenorinindividualswithwoundinfections.
Toxicshockalsooccursinpatientswithnasalpackingusedtostop
bleedingfrom thenose.TSSTisproducedlocallybyS.aureusinthe
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vagina,nose,orotherinfectedsite.Thetoxinentersthebloodstream,
causingatoxemia.BloodculturestypicallydonotgrowS.aureus.

iii. Exfoliatincauses“scaldedskin”syndromeinyoungchildren

iv. Severalexotoxinscankillleukocytes(leukocidins)andcausenecrosisof
tissuesinvivo.Ofthese,thetwomostimportantarealphatoxinandP-V
leukocidin.

v. Theenzymesincludecoagulase,fibrinolysin,hyaluronidase,proteases,
nucleases,andlipases.

Staphylococcusepidermidis&Staphylococcussaprophyticus

UnlikeS.aureus,thesetwocoagulase-negativestaphylococcidonotproduceexotoxins.
Thus,theydonotcausefoodpoisoningortoxicshocksyndrome.Theydo,however,
causepyogenicinfections.Forexample,S.epidermidisisaprominentcauseof
pyogenicinfectionsonprostheticimplantssuchasheartvalvesandhipjoints,andS.
saprophyticuscausesurinarytractinfections,especiallycystitis.

ClinicalFindings

TheimportantclinicalmanifestationscausedbyS.aureuscanbedividedintotwo
groups:pyogenic(pus-producing)andtoxin-mediated.S.aureusisamajorcauseof
skin,softtissue,bone,joint,lung,heart,andkidneyinfections.

LaboratoryDiagnosis

Smearsfrom staphylococcallesionsrevealgram-positivecocciingrapelikeclusters.

CulturesofS.aureustypicallyyieldgolden-yellowcoloniesthatareusuallyβ-hemolytic.

S.aureusiscoagulase-positive.Mannitol-saltagarisacommonlyusedscreening
deviceforS.aureus.Culturesofcoagulasenegativestaphylococcitypicallyyieldwhite
coloniesthatarenon-hemolytic.Thetwocoagulase-negativestaphylococciare
distinguishedbytheirreactiontotheantibioticnovobiocin:S.epidermidisissensitive,
whereasS.saprophyticusisresistant.

Therearenoserologicorskintestsusedforthediagnosisofanyacutestaphylococcal
infection.

Intoxicshocksyndrome,isolationofS.aureusisnotrequiredtomakeadiagnosisas
longastheclinicalcriteriaaremet.

Treatment

 90%ormoreofS.aureusstrainsareresistanttopenicillin.Mostofthestrains
produceβ-lactamase.Suchorganismscanbetreatedwithβ-lactamase–

resistantpenicillins(e.g.,nafcillinorcloxacillin),somecephalosporins,or
vancomycin.Treatmentwithacombinationofaβ-lactamase–sensitivepenicillin
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(e.g.,amoxicillin)andaβ-lactamaseinhibitor(e.g.,clavulanicacid)isalsouseful.

 Approximately20%ofS.aureusstrainsaremethicillin-resistantornafcillin-
resistantbyvirtueofalteredpenicillin-bindingproteins.Theseresistantstrainsof
S.aureusareoftenabbreviatedMRSAorNRSA,respectively.Suchorganisms
canproducesizableoutbreaksofdisease,especiallyinhospitals.Thedrugof
choiceforthesestaphylococciisvancomycin,towhichgentamicinissometimes
added.

 Daptomycinisalsouseful.Trimethoprim-sulfamethoxazoleorclindamycincan
beusedtotreatnon–life-threateninginfectionscausedbytheseorganisms.Note

that

 MRSAstrainsareresistanttoalmostallβ-lactam drugs,includingbothpenicillins

andcephalosporins.Ceftarolinefosamilisthefirstβ-lactam drugusefulforthe

treatmentofMRSAinfections.

 StrainsofS.aureuswithintermediateresistancetovancomycin(VISAstrains)
andwithcompleteresistancetovancomycin(VRSAstrains)havebeenisolated
from patients.Thesestrainsaretypicallymethicillin-/nafcillin-resistantaswell,
whichmakesthem verydifficulttotreat.Daptomycin(Cubicin)canbeusedto
treatinfectionsbytheseorganisms.Quinupristin-dalfopristin(Synercid)is
anotherusefulchoice.

 Thetreatmentoftoxicshocksyndromeinvolvescorrectionoftheshockbyusing
fluids,pressordrugs,andinotropicdrugs;administrationofaβ-lactamase–

resistantpenicillinsuchasnafcillin;andremovalofthetamponordebridement
oftheinfectedsiteasneeded.Pooledserum globulins,whichcontainantibodies
againstTSST,maybeuseful.

 MupirocinisveryeffectiveasatopicalantibioticinskininfectionscausedbyS.
aureus.Ithasalsobeenusedtoreducenasalcarriageoftheorganism inhospital
personnelandinpatientswithrecurrentstaphylococcalinfections.Atopicalskin
antiseptic,suchaschlorhexidine,canbeaddedtomupirocin.

 Somestrainsofstaphylococciexhibittolerance(i.e.,theycanbeinhibitedby
antibioticsbutarenotkilled).(Thatis,theratioofminimum bactericidal
concentration[MBC]tominimum inhibitoryconcentration[MIC]isveryhigh.)

 Tolerancemayresultfrom failureofthedrugstoinactivateinhibitorsofautolytic
enzymesthatdegradetheorganism.Tolerantorganismsshouldbetreatedwith
drugcombinations.

 Drainage(spontaneousorsurgical)isthecornerstoneofabscesstreatment.
Incisionanddrainage(I&D)isoftensufficienttreatmentforaskinabscess(e.g.
furuncle[boil]);antibioticsarenotnecessaryinmostcases.Previousinfection
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providesonlypartialimmunitytoreinfection.

 S.epidermidisishighlyantibioticresistant.Moststrainsproduceβ-lactamase

butaresensitivetoβ-lactamase–resistantdrugssuchasnafcillin.Theseare

calledmethicillin-sensitivestrains(MSSE).Somestrainsaremethicillin/nafcillin
resistant(MRSE)duetoalteredpenicillin-bindingproteins.Thedrugofchoiceis
vancomycin,towhicheitherrifampinoranaminoglycosidecanbeadded.
Removalofthecatheterorotherdeviceisoftennecessary.S.saprophyticus
urinarytractinfectionscanbetreatedwithtrimethoprim-sulfamethoxazoleora
quinolone,suchasciprofloxacin.
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Prevention

 Thereisnovaccineagainststaphylococci.Cleanliness,frequenthandwashing,
andasepticmanagementoflesionshelptocontrolspreadofS.aureus.

 PersistentcolonizationofthenosebyS.aureuscanbereducedbyintranasal
mupirocinorbyoralantibiotics,suchasciprofloxacinortrimethoprim-
sulfamethoxazole,butisdifficulttoeliminatecompletely.

 Sheddersmayhavetoberemovedfrom high-riskareas(e.g.,operatingrooms
andnewbornnurseries).

 Cefazolinisoftenusedperioperativetopreventstaphylococcalsurgical-wound
infections.
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STREPTOCOCCI

 Thestreptococci,enterococci,andrelatedorganismsaregram-positivespherical
bacteriathatcharacteristicallyform pairsorchainsduringgrowth.

 Theyarewidelydistributedinnature.Somearemembersofthenormalhuman
microorganism;othersareassociatedwithimportanthumandiseases
attributabletothedirecteffectsofinfectionorinothercasestoanimmunologic
responsetothem.

 Streptococcielaborateavarietyofextracellularsubstancesandenzymes.

 Thestreptococciarealargeandheterogeneousgroupofbacteria,andnoone
system sufficestoclassifythem.

CLASSIFICATIONOFSTREPTOCOCCI

Theclassificationofstreptococciintomajorcategoriesisbasedon:

1.Colonymorphologyandhemolyticreactionsonbloodagar,

2.Serologicspecificityofthecellwallgroup-specificsubstance(Lancefield
antigens)andothercellwallorcapsularantigens,

3.Biochemicalreactionsandresistancetophysicalandchemicalfactors,

4.Moleculargenetics

A.Hemolysis

Manystreptococciareabletohemolyseredbloodcellsinvitroinvaryingdegrees.

 β-hemolysis-Completedisruptionoferythrocyteswithclearingoftheblood

aroundthebacterialgrowthe.g.StreptococcuspyogenesandStreptococcus
agalactiae.

 α-hemolysis-Incompletelysisoferythrocyteswithreductionofhemoglobinand

theformationofgreenpigmente.g.Streptococcuspneumoniae.

 γ-[gamma-]hemolysis–nonhemolytice.g.Streptococcusbovis.

B. Group-SpecificSubstance(LancefieldClassification)

Thiscarbohydrateiscontainedinthecellwallofmanystreptococciandformsthebasis
ofserologicgroupingintoLancefieldgroupsA–HandK–U.Theserologicspecificityof

thegroupspecificcarbohydrateisdeterminedbyanaminosugar.

GroupA-Streptococcuspyogenes,groupB–Streptococcusagalactiae,groupD–
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StreptococcusbovisandgroupC,G–Streptococcusdysagalactiae.
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C.CapsularPolysaccharides

Theantigenicspecificityofthecapsularpolysaccharidesisusedtoclassify
Streptococcuspneumoniaeintomorethan90typesandtotypethegroupB
streptococci(Streptococcusagalactiae).

D.BiochemicalReactions

Biochemicaltestsincludesugarfermentationreactions,testsforthepresenceof
enzymes,andtestsforsusceptibilityorresistancetocertainchemicalagents.

Biochemicaltestsaremostoftenusedtoclassifystreptococciafterthecolonygrowth
andhemolyticcharacteristicshavebeenobserved.

Biochemicaltestsareusedforspeciesthattypicallydonotreactwiththecommonly
usedantibodypreparationsforthegroup-specificsubstances,groupsA,B,C,F,andG.
Forexample,theviridansstreptococciareα-hemolyticornon-hemolyticanddonot

reactwiththeantibodiescommonlyusedfortheLancefieldclassification.

STREPTOCOCCUSPYOGENES

 MoststreptococcithatcontainthegroupAantigenareSpyogenes.

 Spyogenesisthemainhumanpathogenassociatedwithlocalorsystemic
invasionandpoststreptococcalimmunologicdisorders.

 Itproduceslarge(1cm indiameter)zonesofβ-hemolysisaroundcolonies

greaterthan0.5mm indiameter.

 TheyarePYR-positive(hydrolysisofl-pyrrolidonyl-β-naphthylamide)are

susceptibletobacitracin.

MorphologyandIdentification

A.TypicalOrganisms

 Individualcocciaresphericalorovoidandarearrangedinchains.

 Thecoccidivideinaplaneperpendiculartothelongaxisofthechain.

 Themembersofthechainoftenhaveastrikingdiplococcalappearance,androd-
likeformsareoccasionallyseen.

 Thelengthsofthechainsvarywidelyandareconditionedbyenvironmental
factors.

 Streptococciaregram positive;however,asacultureagesandthebacteriadie,
theylosetheirgram positivityandcanappeartobegram negative;forsome
streptococci,thiscanoccurafterovernightincubation.

 MostgroupAstrainsproducecapsulescomposedofhyaluronicacid.The
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capsulesaremostnoticeableinveryyoungcultures.Theyimpedephagocytosis.
Thehyaluronicacidcapsulelikelyplaysagreaterroleinvirulence.Thecapsule
bindstohyaluronic-acid-bindingprotein,CD44,presentonhumanepithelialcells.
Bindinginducesdisruptionofintercellularjunctionsallowingmicroorganismsto
remainextracellularastheypenetratetheepithelium.

 Hair-likepiliprojectthroughthecapsuleofgroupAstreptococci.Thepiliconsist
partlyofM proteinandarecoveredwithlipoteichoicacidwhichisimportantin
theattachmentofstreptococcitoepithelialcells.

B.Culture

 Moststreptococcigrowinsolidmediaasdiscoidcolonies,usually1–2mm in

diameter.Spyogenesisβ-hemolytic.

C.GrowthCharacteristics

 Energyisobtainedprincipallyfrom theutilizationofglucosewithlacticacidas
theendproduct.Thesolidmediaorbrothisenrichedwithbloodortissuefluids
toenhancegrowth.

 Growthandhemolysisareaidedbyincubationin10%CO2at37°C.

 Moststreptococciarefacultativeanaerobesandgrowunderaerobicand
anaerobicconditions.

D.Variation

 VariantsofthesameStreptococcusstrainmayshowdifferentcolonyforms.
ThisisparticularlymarkedamongSpyogenesstrains,givingrisetoeithermatte
orglossycolonies.MattecoloniesconsistoforganismsthatproducemuchM
proteinandgenerallyarevirulent.TheSpyogenesinglossycoloniestendto
producelittleM proteinandareoftennotvirulent.

AntigenicStructure

A.M Protein

 ThissubstanceisamajorvirulencefactorofSpyogenes.

 M proteinisafilamentousstructureanchoredtothecellmembranethat
penetratesandprojectsfrom thestreptococcalcellwall.WhenM proteinis
present,thestreptococciarevirulent,andintheabsenceofM type-specific
antibodies,theyareabletoresistphagocytosisbypolymorphonuclearleukocytes
byinhibitingactivationofthealternatecomplementpathway.

 TherearetwomajorstructuralclassesofM protein,classesIandII.

 M proteinandotherstreptococcalcellwallantigenshaveanimportantroleinthe
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pathogenesisofrheumaticfever.

 ConservedantigenicdomainsontheclassIM proteincross-reactwithhuman
cardiacmuscle,andtheclassIM proteinmaybeavirulencedeterminantfor
rheumaticfever.

ToxinsandEnzymes

Morethan20extracellularproductsthatareantigenicareelaboratedbySpyogenes,
includingthefollowing.

A.Streptokinase(Fibrinolysin)

 StreptokinaseisproducedbymanystrainsofgroupAβ-hemolyticstreptococci.

Ittransformstheplasminogenofhumanplasmaintoplasmin,anactive
proteolyticenzymethatdigestsfibrinandotherproteins,allowingthebacteriato
escapefrom bloodclots.

 Thisprocessofdigestionmaybeinterferedwithbynonspecificserum inhibitors
andbyaspecificantibody,antistreptokinase.

 Streptokinasehasbeengivenintravenouslyfortreatmentofpulmonaryemboli,
coronaryartery,andvenousthromboses.

B.Deoxyribonucleases

 StreptococcaldeoxyribonucleasesA,B,C,andDdegradeDNA(DNases)and
similartostreptokinasefacilitatethespreadofstreptococciintissueby
liquefyingpus.

 Theenzymaticactivitycanbemeasuredbythedecreaseinviscosityofknown
DNAsolutions.Purulentexudatesowetheirviscositylargelyto
deoxyribonucleoprotein.

 MixturesofstreptokinaseandDNasesareusedin“enzymaticdebridement.”

Theyhelptoliquefyexudatesandfacilitateremovalofpusandnecrotictissue;
antimicrobialdrugsthusgainbetteraccess,andinfectedsurfacesrecovermore
quickly.

C.Hyaluronidase

 Hyaluronidasesplitshyaluronicacid,animportantcomponentoftheground
substanceofconnectivetissue.Thus,hyaluronidaseaidsinspreadinginfecting
microorganisms(spreadingfactor).

 Hyaluronidasesareantigenicandspecificforeachbacterialortissuesource.
Afterinfectionwithhyaluronidase-producingorganisms,specificantibodiesare
foundintheserum.
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D.PyrogenicExotoxins(ErythrogenicToxin)

 PyrogenicexotoxinsareelaboratedbySpyogenes.

 Therearethreeantigenicallydistinctstreptococcalpyrogenicexotoxins(Spe):A,
B,andC.SpeAhasbeenmostwidelystudied.ItisproducedbygroupA
streptococcithatcarryalysogenicphage.

 Thestreptococcalpyrogenicexotoxinshavebeenassociatedwithstreptococcal
toxicshocksyndromeandscarletfever.

 MoststrainsofgroupAstreptococciisolatedfrom patientswithstreptococcal
toxicshocksyndromeeitherproduceSpeAorhavethegenethatcodesforit;

 Thepyrogenicexotoxinsactassuperantigens,whichstimulateTcellsby
bindingtotheclassIImajorhistocompatibilitycomplexintheVβregionoftheT-

cellreceptor.TheactivatedTcellsreleasecytokinesthatmediateshockand
tissueinjury.

E.Hemolysins

 Theβ-hemolyticgroupAS.pyogeneselaboratestwohemolysins(streptolysins)

thatnotonlylysethemembranesoferythrocytesbutalsodamageavarietyof
othercelltypes.

 StreptolysinOisaproteinthatishemolyticallyactiveinthereducedstatebut
rapidlyinactivatedinthepresenceofoxygen.StreptolysinOisresponsiblefor
someofthehemolysisseenwhengrowthoccursincutsmadedeepintothe
medium inbloodagarplates.

 ItcombinesquantitativelywithantistreptolysinO(ASO),anantibodythat
appearsinhumansafterinfectionwithanystreptococcithatproducestreptolysin
O.ThisantibodyblockshemolysisbystreptolysinO.Thisphenomenonformsthe
basisofaquantitativetestfortheantibody.

 StreptolysinSistheagentresponsibleforthehemolyticzonesaround
streptococcalcoloniesgrowingonthesurfaceofbloodagarplates.Itis
elaboratedinthepresenceofserum—hencethenameStreptolysinS.Itisnot

antigenic.

PathogenesisandClinicalFindings

AvarietyofdistinctdiseaseprocessesareassociatedwithSpyogenesinfections.The
infectionscanbedividedintoseveralcategories.

A.DiseasesAttributabletoInvasionbySpyogenes,β-HemolyticGroupA
Streptococci

Theportalofentrydeterminestheprincipalclinicalpicture.Ineachcase,however,there
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isadiffuseandrapidlyspreadinginfectionthatinvolvesthetissuesandextendsalong
lymphaticpathwayswithonlyminimallocalsuppuration.From thelymphatics,the
infectioncanextendtothebloodstream.

1.Erysipelas—Iftheportalofentryistheskin,erysipelasresults.Lesionsareraised
andcharacteristicallyred.Thereismassivebrawnyedemaandarapidly
advancing,sharplydemarcatedmarginofinfection.

2.Cellulitis—Streptococcalcellulitisisanacute,rapidlyspreadinginfectionofthe
skinandsubcutaneoustissues.Itfollowsinfectionassociatedwithmildtrauma,
burns,wounds,orsurgicalincisions.Pain,tenderness,swelling,anderythema
occur.Cellulitisisdifferentiatedfrom erysipelasbytwoclinicalfindings:In
cellulitis,thelesionisnotraised,andthelinebetweentheinvolvedand
uninvolvedtissueisindistinct.

3.Necrotizingfasciitis(streptococcalgangrene)—Thereisextensiveandvery
rapidlyspreadingnecrosisoftheskin,tissues,andfascia.BacteriaotherthanS
pyogenescanalsocausenecrotizingfasciitis.ThegroupAstreptococcithat
causenecrotizingfasciitishavesometimesbeentermedflesh-eatingbacteria.

4.Puerperalfever—Ifthestreptococcientertheuterusafterdelivery,puerperal
feverdevelops,whichisessentiallyasepticemiaoriginatingintheinfected
wound(endometritis).

5.Bacteremiaorsepsis—Infectionoftraumaticorsurgicalwoundswith
streptococciresultsinbacteremia,whichcanrapidlybefatal.Spyogenes
bacteremiacanalsooccurwithskininfections,suchascellulitisandrarely
pharyngitis.

B.DiseasesAttributabletoLocalInfectionWithSpyogenesandTheirByproducts

1.Streptococcalsorethroat—Themostcommoninfectioncausedbyβ-hemolyticS
pyogenesisstreptococcalsorethroatorpharyngitis.Spyogenesadherestothe
pharyngealepithelium bymeansoflipoteichoicacid–coveredsurfacepiliandby

meansofhyaluronicacidinencapsulatedstrains.Ininfantsandsmallchildren,
thesorethroatoccursasasubacutenasopharyngitiswithathinserous
dischargeandlittlefeverbutwithatendencyoftheinfectiontoextendtothe
middleearandthemastoid.Thecervicallymphnodesareusuallyenlarged.The
illnessmaypersistforweeks.Inolderchildrenandadults,thediseaseismore
acuteandischaracterizedbyintensenasopharyngitis,tonsillitis,andintense
rednessandedemaofthemucousmembranes,withpurulentexudate;enlarged,
tendercervicallymphnodes;and(usually)ahighfever.Twentypercentof
infectionsareasymptomatic.Spyogenesinfectionoftheupperrespiratorytract
doesnotusuallyinvolvethelungs.

2.Streptococcalpyoderma—Localinfectionofsuperficiallayersofskin,especially
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inchildren,iscalledimpetigo.Itconsistsofsuperficialvesiclesthatbreakdown
anderodedareaswhosedenudedsurfaceiscoveredwithpusandlateris
encrusted.Itspreadsbycontinuityandishighlycommunicable,especiallyinhot,
humidclimates.Morewidespreadinfectionoccursineczematousorwounded
skinorinburnsandmayprogresstocellulitis.

C.InvasiveGroupAStreptococcalInfections,StreptococcalToxicShockSyndrome,
andScarletFever

 InvasiveSpyogenesinfectionswithstreptococcaltoxicshocksyndromeare
characterizedbyshock,bacteremia,respiratoryfailure,andmultiorganfailure.
Deathoccursinabout30%ofpatients.Theinfectionstendtooccurafterminor
traumainotherwisehealthypersonswithseveralpresentationsofsofttissue
infection.Theseincludenecrotizingfasciitis,myositis,andinfectionsatother
softtissuesites;bacteremiaoccursfrequently.Insomepatients,thedisease
presentswithfocalsofttissueinfectionaccompaniedbyfeverandrapidly
progressiveshockwithmultiorganfailure.Erythemaanddesquamationmay
occur.

 PyrogenicexotoxinsA–CalsocausescarletfeverinassociationwithS
pyogenespharyngitisorwithskinorsofttissueinfection.Thepharyngitismaybe
severe.Therashappearsonthetrunkafter24hoursofillnessandspreadsto
involvetheextremities.Streptococcaltoxicshocksyndromeandscarletfeverare
clinicallyoverlappingdiseases.

D.PoststreptococcalDiseases(RheumaticFever,Glomerulonephritis)

AfteranacuteSpyogenesinfection,thereisalatentperiodof1–4weeks(mean7days),

afterwhichnephritisorrheumaticfeveroccasionallydevelops.Thelatentperiod
suggeststhatthesepoststreptococcaldiseasesarenotattributabletothedirecteffect
ofdisseminatedbacteriabutinsteadrepresentahypersensitivityresponse.Nephritisis
morecommonlyprecededbyinfectionoftheskin;rheumaticfeverismorecommonly
precededbyinfectionoftherespiratorytract.

DiagnosticLaboratoryTests

A.Specimens

 Specimenstobeobtaineddependonthenatureofthestreptococcalinfection.A
throatswab,pus,cerebrospinalfluidorothersterilebodyfluid,orbloodis
obtainedforculture.

 Serum isobtainedforantibodydeterminations.

B.Smears

 Smearsfrom pusoftenshowsinglecocciorpairsratherthandefinitechains.
Cocciaresometimesgram negativebecausetheorganismsarenolongerviable
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andhavelosttheirabilitytoretainthebluedye(crystalviolet)andbegram
positive.

 Ifsmearsofpusshowstreptococcibutculturesfailtogrow,anaerobic
organismsmustbesuspected.Smearsofthroatswabsarerarelycontributory
becauseviridansstreptococciarealwayspresentandhavethesameappearance
asgroupAstreptococcionstainedsmears.

C.Culture

 Specimenssuspectedofcontainingstreptococciareculturedonbloodagar
plates.Ifanaerobesaresuspected,suitableanaerobicmediamustalsobe
inoculated.Incubationin

 10%CO2oftenspeedshemolysis.Slicingtheinoculum intothebloodagarhasa
similareffectbecauseoxygendoesnotreadilydiffusethroughthemedium tothe
deeplyembeddedorganisms,anditisoxygenthatinactivatesstreptolysinO.

 BloodcultureswillgrowhemolyticgroupAstreptococci(eg,insepsis)within
hoursorafewdays.

 Spyogenescanbeidentifiedbyrapidtestsspecificforthepresenceofthegroup
A-specificantigenandbythePYRtest.

 StreptococcibelongingtogroupAmaybepresumptivelyidentifiedbyinhibition
ofgrowthbybacitracin,butthisshouldbeusedonlywhenmoredefinitivetests
arenotavailable.

D.AntigenDetectionTests

 SeveralcommercialkitsareavailableforrapiddetectionofgroupA
streptococcalantigenfrom throatswabs.Thesekitsuseenzymaticorchemical
methodstoextracttheantigenfrom theswab,thenuseenzymeimmunoassay
(EIA)oragglutinationteststodemonstratethepresenceoftheantigen.

 Thetestscanbecompletedinminutestohoursafterthespecimenisobtained.
Theyare60–90%sensitive,dependingontheprevalenceofthediseaseinthe

population,and

 98–99%specificcomparedwithculturemethods.

 MoresensitiveassaysthatuseDNAprobesornucleicacidamplification
techniquesarenowavailableandarebeginningtoreplacetheearlierantigen
detectiontests,althoughtheyremainmorecostly.

E.SerologicTests
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 AriseinthetiterofantibodiestomanygroupAstreptococcalantigenscanbe
estimated.SuchantibodiesincludeASO,particularlyinrespiratorydisease;anti-
DNaseBandantihyaluronidase,particularlyinskininfections;antistreptokinase;
anti-M type-specificantibodies;andothers.Ofthese,theanti-ASOtiterismost
widelyused.

Treatment

 AllSpyogenesaresusceptibletopenicillinG.Macrolides,suchaserythromycin
andclindamycin,haveoftenbeenrecommendedforpenicillin-allergicpatients
andforpatientswithnecrotizingfasciitis.However,resistancetomacrolide
antibioticshasbeenincreasingandsomeareresistanttotetracyclines.
Antimicrobialdrugshavenoeffectonestablishedglomerulonephritisand
rheumaticfever.

Epidemiology,Prevention,andControl

AlthoughhumanscanbeasymptomaticnasopharyngealorperinealcarriersofS
pyogenes,theorganism shouldbeconsideredsignificantifitisdetectedbycultureor
othermeans.

TheultimatesourceofgroupAstreptococciisapersonharboringtheseorganisms.
Theindividualmayhaveaclinicalorsubclinicalinfectionormaybeacarrierdistributing
streptococcidirectlytootherpersonsviadropletsfrom therespiratorytractorskin.The
nasaldischargesofapersonharboringSpyogenesarethemostdangeroussourcefor
spreadoftheseorganisms.

Controlproceduresaredirectedmainlyatthehumansource:

1.Detectionandearlyantimicrobialtherapyofrespiratoryandskininfectionswith
groupAstreptococci.Prompteradicationofstreptococcifrom earlyinfections
caneffectivelypreventthedevelopmentofpoststreptococcaldisease.

2.Antistreptococcalchemoprophylaxisinpersonswhohavesufferedanattackof
rheumaticfever.ThisinvolvesgivingoneinjectionofbenzathinepenicillinG
intramuscularlyevery3–4weeksordailyoralpenicillinororalsulfonamide.The

firstattackofrheumaticfeverinfrequentlycausesmajorheartdamage;however,
suchpersonsareparticularlysusceptibletoreinfectionswithstreptococcithat
precipitaterelapsesofrheumaticactivityandgiverisetocardiacdamage.
Chemoprophylaxisinsuchindividuals,especiallychildren,mustbecontinuedfor
years.Chemoprophylaxisisnotusedinglomerulonephritisbecauseofthesmall
numberofnephritogenictypesofstreptococci.Anexceptionmaybefamily
groupswithahighrateofpoststreptococcalnephritis.

3.EradicationofSpyogenesfrom carriers.Thisisespeciallyimportantwhen
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carriersareinareassuchasobstetricdeliveryrooms,operatingrooms,
classrooms,ornurseries.Unfortunately,itisoftendifficulttoeradicateβ-

hemolyticstreptococcifrom permanentcarriers,andindividualsmay
occasionallyhavetobeshiftedawayfrom “sensitive”areasforsometime.

STREPTOCOCCUSAGALACTIAE

 ThesearethegroupBstreptococci.Theytypicallyareβ-hemolyticandproduce

zonesofhemolysisthatareonlyslightlylargerthanthecolonies(1–2mm in

diameter).ThegroupBstreptococcihydrolyzesodium hippurateandgivea
positiveresponseintheso-calledCAMPtest.

 GroupBstreptococciarepartofthenormalvaginalfloraandlower
gastrointestinaltractin5–30%ofwomen.GroupBstreptococcalinfectionduring

thefirstmonthoflifemaypresentasfulminantsepsis,meningitis,orrespiratory
distresssyndrome.

 GroupBstreptococcalinfectionsareincreasingamongnon-pregnantadults.The
elderlyadultsandimmunocompromisedhosts,aremostatriskforinvasive
disease.Predisposingfactorsincludediabetesmellitus,cancer,advancedage,
livercirrhosis,corticosteroidtherapy,HIV,andotherimmunocompromisedstates.
Bacteremia,skinandsofttissueinfections,respiratoryinfections,and
genitourinaryinfectionsindescendingorderoffrequencyarethemajorclinical
manifestations.

GROUPSCANDG

 Thesestreptococcioccursometimesinthenasopharynxandmaycause
pharyngitis,sinusitis,bacteremia,orendocarditis.

 TheyoftenlooklikegroupASpyogenesonbloodagarmedium andareβ-

hemolytic.TheyareidentifiedbyreactionswithspecificantiseraforgroupsCor
G.

 GroupsCandGstreptococcihavehemolysinsandmayhaveM proteins
analogoustothoseofgroupASpyogenes.Poststreptococcalsequelaeofacute
glomerulonephritis(AGN)andRFhavebeenrarelyreported.

GROUPDSTREPTOCOCCI

 ThegroupDstreptococcihaveeightspecies,manyofwhichdonotcause
infectionsinhumans.TheStreptococcusbovisgroupisofmostimportanceto
humandisease.

 ThespeciesofS.boviscauseshumanendocarditisandisfrequently
epidemiologicallyassociatedwithcoloncarcinoma.

 AllgroupDstreptococciarenonhemolyticandPYRnegative.Theygrowinthe
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presenceofbileandhydrolyzeesculin(bileesculinpositive)butdonotgrowin
6.5%NaCl.Theyarepartofthenormalentericmicroorganism ofhumansand
animals.

STREPTOCOCCUSANGINOSUSGROUP

 OtherspeciesnamesintheSanginosusgroupareStreptococcusconstellatus
andStreptococcusintermedius.Thesestreptococciarepartofthenormal
microorganismsofthethroat,colon,andurogenitaltract.

 Theymaybeβ-,α-,ornonhemolytic.

 Sanginosusgroupincludesβ-hemolyticstreptococcithatform minutecolonies

(<0.5mm indiameter)andreactwithgroupsA,C,orGantiseraandallβ-

hemolyticgroupFstreptococci.

 ThosethataregroupAarePYRnegative.SanginosusareVoges-Proskauertest
positive.Theymaybeclassifiedasviridansstreptococci.Theseorganismsare
frequentlyassociatedwithseriousinfectionssuchasbrain,lung,andliver
abscesses.Theycanbeeasilydetectedinthelaboratorybytheircharacteristic
butterscotchorcaramelodor.

VIRIDANSSTREPTOCOCCI

 Themanyspeciesoftheviridansstreptococciareclassifiedintogroupsand
includetheStreptococcusmitisgroup,Sanginosusgroup,Streptococcus
mutansgroup,Streptococcussalivariusgroup,andSbovisgroup.

 Typicallytheyareα-hemolytic,buttheymayalsobenon-hemolytic.Members

oftheSanginosusgroupcanbeβ-hemolytic.

 Theirgrowthisnotinhibitedbyoptochin,andcoloniesarenotsolubleinbile
(deoxycholate).

 Theviridansstreptococciarethemostprevalentmembersofthenormal
microorganismsoftheupperrespiratorytractandareimportantforthe
healthystateofthemucousmembranesthere.Theymayreachthe
bloodstream asaresultoftraumaandareaprincipalcauseofendocarditis
onabnormalheartvalves.

 Someviridansstreptococci(eg,Smutans)synthesizelargepolysaccharides
suchasdextransorlevansfrom sucroseandcontributeimportantlytothe
genesisofdentalcaries.

STREPTOCOCCUSPNEUMONIAE

 Spneumoniae(pneumococci)isamemberoftheSmitisgroupandare
indistinguishablefrom them onthebasisof16SrRNA.
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 Pneumococciaregram-positivediplococci,oftenlancetshapedorarranged
inchains,possessingacapsuleofpolysaccharidethatpermitstypingwith
specificantisera.

 Pneumococciarereadilylysedbysurface-activeagents,whichprobably
removeorinactivatetheinhibitorsofcellwallautolysins.

 Pneumococciarenormalinhabitantsoftheupperrespiratorytractof5–40%

ofhumansandcancausepneumonia,sinusitis,otitis,bronchitis,bacteremia,
meningitis,peritonitis,andotherinfectiousprocesses.

MorphologyandIdentification

A.TypicalOrganisms

 Thetypicalgram-positive,lancet-shapeddiplococciareoftenseenin
specimensofyoungcultures.Insputum orpus,singlecocciorchainsarealso
seen.Withage,theorganismsrapidlybecomegram negativeandtendtolyse
spontaneously.

 Autolysisofpneumococciisgreatlyenhancedbysurface-activeagents.

 Onsolidmedia,thegrowthofpneumococciisinhibitedaroundadiskof
optochin.

 Otheridentifyingpointsincludealmostuniform virulenceformicewhen
injectedintraperitoneallyandthe“capsuleswellingtest,”orquellungreaction.

B.Culture

Pneumococciform smallroundcolonies,atfirstdome-shapedandlaterdeveloping
acentraldepressionwithanelevatedrim.

.Pneumococciareα-hemolyticonbloodagar.Growthisenhancedby5–10%CO2.

C.GrowthCharacteristics

 Mostenergyisobtainedfrom fermentationofglucose;thisisaccompanied
bytherapidproductionoflacticacid,whichlimitsgrowth.Neutralizationof
brothcultureswithalkaliatintervalsresultsinmassivegrowth.

D.Variation

 Pneumococcalisolatesthatproducelargeamountsofcapsulesappearas
largemucoidcolonies.Capsuleproductionisnotessentialforgrowthonagar
medium,andcapsularproductionisthereforelostafterasmallnumberof
subcultures.

 Thepneumococciwill,however,againproducecapsulesandhaveenhanced
virulenceifinjectedintomice.
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AntigenicStructure

A.ComponentStructures

 Thepneumococcalcellwallhaspeptidoglycanandteichoicacid,similarto
otherstreptococci.Thecapsularpolysaccharidethatisfoundinthecellwall
ofallSpneumoniaecanbedetectedintheurineandcerebrospinalfluid(CSF)
asusefuldiagnostictestsforpneumococcalinfections.

B.QuellungReaction

 Whenpneumococciofacertaintypearemixedwithspecific
antipolysaccharideserum ofthesametype—orwithpolyvalentantiserum—on

amicroscopeslide,thecapsuleswellsmarkedly,andtheorganisms
agglutinatebycross-linkingoftheantibodies.Thisreactionisusefulforrapid
identificationandfortypingoftheorganisms,eitherinsputum orincultures.

Pathogenesis

A.TypesofPneumococci

Inadults,types1–8areresponsibleforabout75%ofcasesofpneumococcal

pneumoniaandformorethanhalfofallfatalitiesinpneumococcalbacteremia;in
children,types6,

14,19,and23arefrequentcauses.

B.ProductionofDisease

Pneumococciproducediseasethroughtheirabilitytomultiplyinthetissues.The
virulenceoftheorganism isafunctionofitscapsule,whichpreventsordelays
ingestionbyphagocytes.

Aserum thatcontainsantibodiesagainstthetypespecificpolysaccharideprotects
againstinfection.Ifsuchaserum isabsorbedwiththetype-specificpolysaccharide,
itlosesitsprotectivepower.

C.LossofNaturalResistance

Because40–70%ofhumansareatsometimecarriersofvirulentpneumococci,the

normalrespiratorymucosamustpossessgreatnaturalresistancetothe
pneumococcus.Amongthefactorsthatprobablylowerthisresistanceandthus
predisposetopneumococcalinfectionarethefollowing:

1.Viralandotherrespiratorytractinfectionsthatdamagesurfacecells;abnormal
accumulationsofmucus(eg,allergy),whichprotectpneumococcifrom
phagocytosis;bronchialobstruction(eg,atelectasis);andrespiratorytractinjury
causedbyirritantsdisturbingitsmucociliaryfunction.
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2.Alcoholordrugintoxication,whichdepressesphagocyticactivity,depressesthe
coughreflex,andfacilitateaspirationofforeignmaterial.

3.Abnormalcirculatorydynamics(eg,pulmonarycongestion,heartfailure)

4.Othermechanisms,suchasmalnutrition,generaldebility,sicklecellanemia,
hyposplenism,nephrosis,orcomplementdeficiency

Pathology

 Pneumococcalinfectioncausesanoutpouringoffibrinousedemafluidinto
thealveolifollowedbyredbloodcellsandleukocytes,whichresultsin
consolidationofportionsofthelung.Manypneumococciarefound
throughoutthisexudate,andtheymayreachthebloodstream viathe
lymphaticdrainageofthelungs.Thealveolarwallsremainnormallyintact
duringtheinfection.Later,mononuclearcellsactivelyphagocytosethedebris,
andthisliquidphaseisgraduallyreabsorbed.Thepneumococciaretakenup
byphagocytesanddigestedintracellularly.

ClinicalFindings

 Theonsetofpneumococcalpneumoniaisusuallysudden,withfever,chills,
andsharppleuralpain.Thesputum issimilartothealveolarexudate,being
characteristicallybloodyorrustycolored.Earlyinthedisease,whenthefever
ishigh,bacteremiaispresentin10–20%ofcases.Withantimicrobialtherapy,

theillnessisusuallyterminatedpromptly;ifdrugsaregivenearly,the
developmentofconsolidationisinterrupted.

 From therespiratorytract,pneumococcimayreachothersites.Thesinuses
andmiddleeararemostfrequentlyinvolved.Infectionsometimesextends
from themastoidtothemeninges.Bacteremiafrom pneumoniahasatriadof
severecomplications:meningitis,endocarditis,andsepticarthritis.

DiagnosticLaboratoryTests

 Bloodisdrawnforculture;CSFandsputum arecollectedfordemonstration
ofpneumococcibysmearandculture.CSFandurinecanbeusedtodetect
pneumococcalC-polysaccharidebyrapidimmunochromatographic
membraneassays.

 Allspecimensshouldbesenttothemicrobiologylaboratoryassoonas
possibleaftercollectionbecausepneumococcitendtoautolyseanddelaywill
significantlyimpactrecoverybyculture.

A.StainedSmears

 AGram-stainedfilm ofrusty-redsputum showstypicalorganisms,many
polymorphonuclearneutrophils,andmanyredbloodcells.
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B.CapsuleSwellingTests

 Freshemulsifiedsputum mixedwithantiserum causescapsuleswelling(the
quellungreaction)foridentificationofpneumococci.

C.Culture

 Thecultureiscreatedbyinoculatingsputum tobloodagarandincubatingthe
plateinCO2at37°C.Abloodcultureisalsousuallyobtained.

D.NucleicAcidAmplificationTests

 SeveralmanufacturershaveincludedSpneumoniaeonpanelsfor
identificationofpositivebloodculturebottles.Also,indevelopmentarepanel
testsformeningitisandseparatemolecularpanelsfordirectdetectionofS
pneumoniaeinrespiratorysamplesobtainedfrom specimensinpatients
suspectedofhavingcommunityacquiredorhealthcare–associated

pneumonia.

E.Immunity

 Immunitytoinfectionwithpneumococciistypespecificanddependsbothon
antibodiestocapsularpolysaccharideandonintactphagocyticfunction.
Vaccinescaninduceproductionofantibodiestocapsularpolysaccharides.

Treatment

 Around15%ofpneumococcifrom non-meningealsourcesarepenicillin
resistant(minimum inhibitoryconcentration[MIC]≥8μg/mL).

 High-dosepenicillinGappearstobeeffectiveintreatingpneumoniacaused
bypneumococciwithMICstopenicillinbelow8μg/mL(resistantbreakpoint)

butwouldnotbeeffectiveintreatmentofmeningitiscausedbythesame
strains.Somepenicillin-resistantstrainsareresistanttocefotaxime.

 Resistancetotetracycline,erythromycin,andfluoroquinolonesalsooccurs.

 Pneumococciissusceptibletovancomycin.

Epidemiology,Prevention,andControl

 Pneumococcalpneumoniaaccountsforabout60%ofallbacterial
pneumonias.Inthedevelopmentofillness,predisposingfactorsaremore
importantthanexposuretotheinfectiousagent,andahealthycarrierismore
importantindisseminatingpneumococcithanasickpatient.

 Itispossibletoimmunizeindividualswithtype-specificpolysaccharides.
Suchvaccinescanprobablyprovide90%protectionagainstbacteremic
pneumonia.
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ENTEROCOCCI

 TheenterococcihavethegroupDgroup-specificsubstanceandwere
previouslyclassifiedasgroupDstreptococci.

 BecausethegroupDcellwall–specificantigenisateichoicacid,itisnotan

antigenicallygoodmarker;enterococciareusuallyidentifiedby
characteristicsotherthanimmunologicreactionswithgroup-specificantisera.
Theyarepartofthenormalentericmicroorganisms.

 Theyareusuallynon-hemolyticbutareoccasionallyα-hemolyticorrarelyβ-

hemolytic.

 EnterococciarePYRpositive.Theygrowinthepresenceofbile,hydrolyze
esculin(bileesculinpositive)andincontrasttonon-enterococcalgroupD
streptococci,theygrowwellin

 6.5%NaCl.Whereasenterococcigrowwellatbetween10and45°C,
streptococcigenerallygrowatamuchnarrowertemperaturerange.

 TheyaremoreresistanttopenicillinGthanthestreptococci.Manyisolates
arevancomycinresistant.

 Thereareatleast47speciesofenterococci,butlessthanone-thirdofthese
areassociatedwithdiseaseinhumans.Enterococcusfaecalisisthemost
commonandcauses85–90%ofenterococcalinfections;Enterococcus
faecium causes5–10%.

 Theenterococciareamongthemostfrequentcausesofhealthcare
associatedinfections,particularlyinintensivecareunits,andareselectedby
therapywithcephalosporinsandotherantibioticstowhichtheyareresistant.

 Enterococciaretransmittedfrom onepatienttoanotherprimarilyonthe
handsofhospitalpersonnel,someofwhom maycarrytheenterococciintheir
gastrointestinaltracts.Enterococcioccasionallyaretransmittedonmedical
devices.

 Inpatients,themostcommonsitesofinfectionaretheurinarytract,wounds,
biliarytract,andblood.Enterococcimaycausemeningitisandbacteremiain
neonates.

 Inadults,enterococcicancauseendocarditis.However,inintra-abdominal,
wound,urine,andotherinfections,enterococciusuallyareculturedalongwith
otherspeciesofbacteria,anditisdifficulttodefinethepathogenicroleofthe
enterococciintheseclinicalcircumstances.

AntibioticResistance
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Amajorproblem withtheenterococciisthattheycanbeveryresistanttoantibiotics.
Efaecium isusuallymuchmoreantibiotic-resistantthanEfaecalis.

Enterococciareintrinsicallyresistanttocephalosporins,penicillinase-resistant
penicillins,andmonobactams.Theyhaveintrinsiclow-levelresistancetomany
aminoglycosides,areofintermediatesusceptibilityorresistanttofluoroquinolones.

Therapywithcombinationsofacellwall–activeantibiotic(apenicillinorvancomycin)

plusanaminoglycoside(streptomycinorgentamicin)isessentialforsevere
enterococcalinfections,suchasendocarditis.

Theglycopeptidevancomycinistheprimaryalternativedrugtoapenicillin(plusan
aminoglycoside)fortreatingenterococcalinfections.

Enterococcioftenshowsusceptibilitytotrimethoprim-sulfamethoxazolebyinvitro
testing,butthedrugsarenoteffectiveintreatinginfections.Thisdiscrepancyis
becauseenterococciareabletoutilizeexogenousfolatesavailableinvivoandthus
escapeinhibitionbythedrugs.
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GRAM-NEGATIVECOCCI

Neisseriaisthemedicallyimportantgenusofgram-negativecocci.ThegenusNeisseria
containstwoimportanthumanpathogens:Neisseriameningitidis(meningococcus)and
Neisseriagonorrhoeae(gonococcu).

N.meningitidismainlycausesmeningitisandmeningococcemiawhereasN.
gonorrhoeaecausesgonorrhea,neonatalconjunctivitis(ophthalmianeonatorum)and
pelvicinflammatorydisease(PID).

Importantproperties

 Neisseriaearegram-negativecoccithatresemblepairedkidneybeansand
containendotoxin(consistoflipooligosaccharide)intheiroutermembrane.

 N.meningitidis(meningococcus)hasaprominentpolysaccharidecapsulethat
enhancesvirulencebyitsantiphagocyticactionandinducesprotective
antibodies.Theyaredividedintoatleast13serologicgroupsonthebasisofthe
antigenicityoftheircapsularpolysaccharides.

 N.gonorrhoeae(gonococcus)hasnopolysaccharidecapsulebuthasmultiple
serotypesbasedontheantigenicityofitspilusprotein(proteinsI,II,andIII).
ProteinIIplaysaroleinattachmentoftheorganism tocellsandvaries
antigenicallyaswell.

 Theyareculturedon“chocolate”agarcontainingbloodheatedto80°C,which

inactivatestheinhibitors.

 Neisseriaeareoxidase-positive(i.e.,theypossesstheenzymecytochromec).
Thisisanimportantlaboratorydiagnostictestinwhichcoloniesexposedto
phenylenediamineturnpurpleorblackasaresultofoxidationofthereagentby
theenzyme.

1.Neisseriameningitidis

Pathogenesis&Epidemiology

Humansaretheonlynaturalhostsformeningococci.Theorganismsaretransmittedby
airbornedroplets;theycolonizethemembranesofthenasopharynxandbecomepartof
thenormalfloraoftheupperrespiratorytract.Carriersareusuallyasymptomatic.From
thenasopharynx,theorganism canenterthebloodstream andspreadtospecificsites,
suchasthemeningesorjoints,orbedisseminatedthroughoutthebody
(meningococcemia).About5%ofpeoplebecomechroniccarriersandserveasasource
ofinfectionforothers.

Meningococcihavethreeimportantvirulencefactors:

1.Apolysaccharidecapsulethatenablestheorganism toresistphagocytosisby
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polymorphonuclearleukocytes(PMNs).

2.Endotoxin,whichcausesfever,shock,andotherpathophysiologicchanges(in
purifiedform,endotoxincanreproducemanyoftheclinicalmanifestationsof
meningococcemia).

3.AnimmunoglobulinA(IgA)proteasethathelpsthebacteriaattachtothe
membranesoftheupperrespiratorytractbycleavingsecretoryIgA.

ClinicalFindings

Thetwomostimportantmanifestationsofdiseasearemeningococcemiaand
meningitis.Themostsevereform ofmeningococcemiaisthelife-threatening
Waterhouse–Friderichsensyndrome,whichischaracterizedbyhighfever,shock,
widespreadpurpura,disseminatedintravascularcoagulation,thrombocytopenia,and
adrenalinsufficiency.

Bacteremiacanresultintheseedingofmanyorgans,especiallythemeninges.

Thesymptomsofmeningococcalmeningitisarethoseofatypicalbacterialmeningitis,
namely,fever,headache,stiffneck,andanincreasedlevelofpolymorphonuclear
leukocytes(PMNs)inspinalfluid.

LaboratoryDiagnosis

 Theprincipallaboratoryproceduresaresmearandcultureofbloodandspinal
fluidsamples.Apresumptivediagnosisofmeningococcalmeningitiscanbe
madeifgram-negativecocciareseeninasmearofspinalfluid.

 Theorganism growsbestonchocolateagarincubatedat37°Cina5%CO2
atmosphere.ApresumptivediagnosisofNeisseriacanbemadeifoxidase-
positivecoloniesofgram-negativediplococciarefound.

 ThedifferentiationbetweenN.meningitidisandN.gonorrhoeaeismadeonthe
basisofsugarfermentation:meningococcifermentmaltose,whereasgonococci
donot(bothorganismsfermentglucose).

 Immunofluorescencecanalsobeusedtoidentifythesespecies.

 Testsforserum antibodiesarenotusedforclinicaldiagnosis.Howevertherapid
diagnosisofmeningococcalmeningitisbylatexagglutinationtestcanbeusedto
detectcapsularpolysaccharideinthespinalfluid.

Treatment

PenicillinGisthetreatmentofchoiceformeningococcalinfections.Athirdgeneration
cephalosporinsuchasceftriaxonecanalsobeused.Resistancetosulfonamideis
common.
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Prevention

 Chemoprophylaxisandimmunizationarebothusedtopreventmeningococcal
disease.

 Eitherrifampinorciprofloxacincanbeusedforprophylaxisinpeoplewhohave
hadclosecontactwiththeindexcase.Thesedrugsarepreferredbecausethey
areefficientlysecretedintothesaliva,incontrasttopenicillinG.

 Themeningococcalvaccinewhichcontainthecapsularpolysaccharideareused
forimmunization.

2.Neisseriagonorrhoeae

Pathogenesis&Epidemiology

Gonococci,likemeningococci,causediseaseonlyinhumans.Theorganism isusually
transmittedsexually;newbornscanbeinfectedduringbirth.Becausegonococcusis
quitesensitivetodehydrationandcoolconditions,sexualtransmissionfavorsits
survival.

Gonorrheaisusuallysymptomaticinmenbutoftenasymptomaticinwomen.Genital
tractinfectionsarethemostcommonsourceoftheorganism,butanorectaland
pharyngealinfectionsareimportantsourcesaswell.

Themostimportantvirulencefactorsinclude;

1.Pilithatmediateattachmenttomucosalcellsurfacesandareantiphagocytic.

2.Endotoxin(lipooligosaccharide,LOS)whichcausesfever,shock,andother
pathophysiologicchangesandthe

3.Outermembraneproteins(Theorganism’sIgAprotease)hydrolyzessecretory
IgA,whichcouldotherwiseblockattachmenttothemucosa.

Note:Gonococcihavenocapsules.

Themainhostdefensesagainstgonococciareantibodies(IgAandIgG),complement,
andneutrophils.Antibody-mediatedopsonizationandkillingwithinphagocytesoccur,
butrepeatedgonococcalinfectionsarecommon,primarilyasaresultofantigenic
changesofpiliandtheoutermembraneproteins.

Gonococciinfectprimarilythemucosalsurfaces(e.g.,theurethraandvagina),but
disseminationoccurs.

ClinicalFindings

Gonococcicausebothlocalizedinfections,usuallyinthegenitaltract,anddisseminated
infectionswithseedingofvariousorgans.Gonococcireachtheseorgansviathe
bloodstream (gonococcalbacteremia).
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Gonorrheainmenischaracterizedprimarilybyurethritisaccompaniedbydysuriaanda
purulentdischarge.Epididymitiscanoccur.

Inwomen,infectionislocatedprimarilyintheendocervix,causingapurulentvaginal
dischargeandintermenstrualbleeding(cervicitis).Themostfrequentcomplicationin
womenisanascendinginfectionoftheuterinetubes(salpingitis,PID),whichcanresult
insterilityorectopicpregnancyasaresultofscarringofthetubes.

Disseminatedgonococcalinfections(DGI)commonlymanifestasarthritis,
tenosynovitis,orpustulesintheskin.Disseminatedinfectionisthemostcommon
causeofsepticarthritisinsexuallyactiveadults.

Otherinfectedsitesincludetheanorectalarea,throat,andeyes.Anorectalinfections
occurmostlyinwomenandhomosexualmen.Theyarefrequentlyasymptomatic,buta
bloodyorpurulentdischarge(proctitis)canoccur.

Inthethroat,pharyngitisoccurs,butmanypatientsareasymptomatic.Innewborn
infants,purulentconjunctivitis(ophthalmianeonatorum)istheresultofgonococcal
infectionacquiredfrom themotherduringpassagethroughthebirthcanal.Gonococcal
conjunctivitisalsooccursinadultsasaresultofthetransferoforganismsfrom the
genitalstotheeye.

LaboratoryDiagnosis

 ThediagnosisofurogenitalinfectionsdependsonGram stainingandcultureof
thedischargeHowever,nucleicacidamplificationtestsarewidelyusedas
screeningtests.

 Inmen,thefindingofgram-negativediplococciwithinPMNsinaurethral
dischargespecimenissufficientfordiagnosis.

 Inwomen,theuseoftheGram stainalonecanbedifficulttointerpret;therefore,
culturesshouldbedone.

 Gram stainsoncervicalspecimenscanbefalselypositivebecauseofthe
presenceofgram-negativediplococciinthenormalfloraandcanbefalsely
negative.

 Specimensfrom mucosalsites,suchastheurethraandcervix,areculturedon
Thayer-Martinmedium,whichisachocolateagarcontainingantibiotics
(vancomycin,colistin,trimethoprim,andnystatin)tosuppressthenormalflora.

 Thefindingofanoxidase-positivecolonycomposedofgram-negativediplococci
issufficienttoidentifytheisolateasamemberofthegenusNeisseria.

 Specificidentificationofthegonococcuscanbemadeeitherbyitsfermentation
ofglucose(butnotmaltose)orbyfluorescent-antibodystaining.Notethat
specimensfrom sterilesites,suchasbloodorjointfluid,canbeculturedon
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chocolateagarwithoutantibioticsbecausethereisnocompetingnormalflora.

 Rapidtestsarealsousedtodetectthepresenceofgonococcalnucleicacidsin
patientspecimensasascreeningtest.

Treatment

Ceftriaxoneisthetreatmentofchoiceinuncomplicatedgonococcalinfections.

Azithromycinorciprofloxacinshouldbeusedifthepatientisallergictopenicillinsor
cephalosporins.

Prevention

 Thepreventionofgonorrheainvolvestheuseofcondomsandtheprompt
treatmentofsymptomaticpatientsandtheircontacts.

 Casesofgonorrheamustbereportedtothepublichealthdepartmenttoensure
properfollow-up.Amajorproblem isthedetectionofasymptomaticcarriers.

 Gonococcalconjunctivitisinnewbornsispreventedmostoftenbytheuseof
erythromycinointment.Silvernitratedropsareusedlessfrequently.

 Novaccineisavailable.

GRAM POSITIVERODS

Therearefourmedicallyimportantgeneraofgram-positiverods:Bacillus,Clostridium,
Corynebacterium,andListeria.BacillusandClostridium form spores,whereas
Corynebacterium andListeriadonot.MembersofthegenusBacillusareaerobic,
whereasthoseofthegenusClostridium areanaerobic.

Thesegram-positiverodscanalsobedistinguishedbasedontheirappearanceonGram
stain.BacillusandClostridium speciesarelongerandmoredeeplystainingthan
Corynebacterium andListeriaspecies.Corynebacterium speciesareclubshaped(i.e.,
theyarethinnerononeendthantheother).Corynebacterium andListeriaspecies
characteristicallyappearasV-orL-shapedrods.

SPORE-FORMINGGRAM-POSITIVERODS

BACILLUS

TherearetwomedicallyimportantBacillusspecies:Bacillusanthracisand

Bacilluscereus.

1.Bacillusanthracis

Disease
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B.anthraciscausesanthrax,whichiscommoninanimalsbutrareinhumans.Human
diseaseoccursinthreemainforms:cutaneous,pulmonary(inhalation),and
gastrointestinal.

ImportantProperties

B.anthracisisalargegram-positiverodwithsquareends,frequentlyfoundinchains.Its
antiphagocyticcapsuleiscomposedofD-glutamate.

Itisnonmotile,whereasothermembersofthegenusaremotile.Anthraxtoxinis
encodedononeplasmid,andthepolyglutamatecapsuleisencodedonadifferent
plasmid.

Transmission

 Sporesoftheorganism persistinsoilforyears.Humansaremostofteninfected
cutaneousatthetimeoftraumatotheskin,whichallowsthesporesonanimal
products,suchashides,bristles,andwool,toenter.

 Sporescanalsobeinhaledintotherespiratorytract.Pulmonary(inhalation)
anthraxoccurswhensporesareinhaledintothelungs.Inhalationanthraxisnot
communicablefrom persontoperson,despitetheseverityoftheinfection.After
beinginhaledintothelung,theorganism movesrapidlytothemediastinallymph
nodes,whereitcauseshemorrhagicmediastinitis.Becauseitleavesthelungso
rapidly,itisnottransmittedbytherespiratoryroutetoothers

 Gastrointestinalanthraxoccurswhencontaminatedmeatisingested.

.

Pathogenesis

Pathogenesisisbasedprimarilyontheproductionoftwoexotoxins,collectivelyknown
asanthraxtoxin.Thetwoexotoxins,edemafactor(causesanoutpouringoffluidfrom
thecellintotheextracellularspace,whichmanifestsasedema)andlethalfactor
(inhibitscellgrowth),eachconsistoftwoproteinsinanA–Bsubunitconfiguration.The

B,orbinding,subunitineachofthetwoexotoxinsisprotectiveantigen.TheA,oractive,
subunithasenzymaticactivity.

ClinicalFindings

Thetypicallesionofcutaneousanthraxisapainlessulcerwithablackeschar(crust,
scab)Localedemaisstriking.Thelesioniscalledamalignantpustule.Untreatedcases
progresstobacteremiaanddeath.

Pulmonary(inhalation)anthrax,alsoknownas“wool-sorter’sdisease,”beginswith

nonspecificrespiratorytractsymptomsresemblinginfluenza,especiallyadrycough



Page60of60

andsubsternalpressure.Thisrapidlyprogressestohemorrhagicmediastinitis,bloody
pleuraleffusions,septicshock,anddeath.Althoughthelungsareinfected,theclassic
featuresandX-raypictureofpneumoniaarenotpresent.Mediastinalwideningseenon
chestX-rayisanimportantdiagnosticcriterion.

Thesymptomsofgastrointestinalanthraxincludevomiting,abdominalpain,andbloody
diarrhea.

LaboratoryDiagnosis

 Smearsshowlarge,gram-positiverodsinchains.Sporesareusuallynotseenin
smearsofexudatebecausesporesform whennutrientsareinsufficient,and
nutrientsareplentifulininfectedtissue.Non-hemolyticcoloniesform onblood
agaraerobically.

 Incaseofabioterrorattack,rapiddiagnosiscanbeperformedinspecial
laboratoriesusingpolymerasechainreaction(PCR)–basedassays.

 Anotherrapiddiagnosticprocedureisthedirectfluorescentantibodytestthat
detectsantigensoftheorganism inthelesion.

 Serologictests,suchasanenzyme-linkedimmunosorbentassay(ELISA)testfor
antibodies,requireacuteandconvalescentserum samplesandcanonlybeused
tomakeadiagnosisretrospectively.

Treatment

Ciprofloxacinisthedrugofchoice.Doxycyclineisanalternativedrug.Noresistant
strainshavebeenisolatedclinically.

Prevention

 Ciprofloxacinordoxycyclineisusedasprophylaxisinthoseexposedduringthe
outbreak.

 Peopleathighriskcanbeimmunizedwithcell-freevaccinecontainingpurified
protectiveantigenasimmunogen.

 Incineratinganimalsthatdieofanthrax,ratherthanburyingthem,willpreventthe
soilfrom becomingcontaminatedwithspores.

2.Bacilluscereus

Disease

B.cereuscausesfoodpoisoning.

Transmission

Sporesongrainssuchasricesurvivesteamingandrapidfrying.Thesporesgerminate



Page61of61

whenriceiskeptwarm formanyhours(e.g.,reheatedfriedrice).Theportalofentryis
thegastrointestinaltract.

Pathogenesis

B.cereusproducestwoenterotoxins.Themodeofactionofoneoftheenterotoxins
leadstoanincreasedconcentrationofcyclicAMPwithintheenterocyte.Themodeof
actionoftheotherenterotoxinresemblesthatofstaphylococcalenterotoxin(i.e.,itisa
superantigen).

ClinicalFindings

Therearetwosyndromes.Onesyndromehasashortincubationperiod(4hours)and
consistsprimarilyofnauseaandvomiting,similartostaphylococcalfoodpoisoning.
Theotherhasalongincubationperiod(18hours)andfeatureswatery,nonbloody
diarrhea,

LaboratoryDiagnosis

Thisisnotusuallydone.

Treatment

Onlysymptomatictreatmentisgiven.

Prevention

Thereisnospecificmeansofprevention.Riceshouldnotbekeptwarm forlongperiods.

CLOSTRIDIUM

Therearefourmedicallyimportantspecies:Clostridium tetani,Clostridium botulinum,
Clostridium perfringens(whichcauseseithergasgangreneorfoodpoisoning),and
Clostridium difficile(causesantibiotic-associatedpseudomembranouscolitis).All
clostridiaareanaerobic,spore-forming,gram-positiverods
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NON–SPORE-FORMINGGRAM-POSITIVERODS

Therearetwoimportantpathogensinthisgroup:Corynebacterium diphtheriaeand

Listeriamonocytogenes.

CORYNEBACTERIUM DIPHTHERIAE

Disease

C.diphtheriaecausesdiphtheria.OtherCorynebacterium species(diphtheroids)are
implicatedinopportunisticinfections.

ImportantProperties

Corynebacteriaaregram-positiverodsthatappearclub-shaped(wideratoneend)and
arearrangedinpalisadesorinV-orL-shapedformations.Therodshaveabeaded
appearance.

Transmission

HumansaretheonlynaturalhostofC.diphtheriae.Bothtoxigenicandnontoxigenic
organismsresideintheupperrespiratorytractandaretransmittedbyairbornedroplets.
Theorganism canalsoinfecttheskinatthesiteofapreexistingskinlesion.This
occursprimarilyinthetropicsbutcanoccurworldwideinindigentpersonswithpoor
skinhygiene.

Pathogenesis

Althoughexotoxinproductionisessentialforpathogenesis,invasivenessisalso
necessarybecausetheorganism mustfirstestablishandmaintainitselfinthethroat.

Diphtheriatoxinaffectsalleukaryoticcellsregardlessoftissuetypebuthasnoeffect
ontheanalogousfactorinprokaryoticcells.

ThehostresponsetoC.diphtheriaeconsistsofthefollowing:

 Alocalinflammationinthethroat,withafibrinousexudatethatformsthetough,
adherent,graypseudomembranecharacteristicofthedisease.

 Antibodythatcanneutralizeexotoxinactivitybyblockingtheinteractionofthe
bindingdomainwiththereceptors,therebypreventingentryintothecell.

ClinicalFindings

Itsmostprominentsignisthethick,gray,adherentpseudomembraneoverthetonsils
andthroat.Theotheraspectsarenonspecific:fever,sorethroat,andcervical
adenopathy.

Therearethreeprominentcomplications:
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 Extensionofthemembraneintothelarynxandtrachea,causingairway
obstruction.

 Myocarditisaccompaniedbyarrhythmiasandcirculatorycollapse.

 Nerveweaknessorparalysis,especiallyofthecranialnerves.Paralysisofthe
musclesofthesoftpalateandpharynxcanleadtoregurgitationoffluidsthrough
thenose.Peripheralneuritisaffectingthemusclesoftheextremitiesalsooccurs.

Cutaneousdiphtheriacausesulceratingskinlesionscoveredbyagraymembrane.
Theselesionsareoftenindolentandoftendonotinvadesurroundingtissue.Systemic
symptomsrarelyoccur.

LaboratoryDiagnosis

Laboratorydiagnosisinvolvesbothisolatingtheorganism anddemonstratingtoxin
production.Itshouldbeemphasizedthatthedecisiontotreatwithantitoxinisaclinical
oneandcannotwaitforthelaboratoryresults.

AthroatswabshouldbeculturedonLoeffler’smedium,atelluriteplate,andablood
agarplate.IfC.diphtheriaeisrecoveredfrom thecultures,eitheranimalinoculationor
anantibody-basedgeldiffusionprecipitintestisperformedtodocumenttoxin
production.

APCRassayforthepresenceofthetoxingeneintheorganism isolatedfrom the
patientcanalsobeused.

SmearsofthethroatswabshouldbestainedwithbothGram stainandmethyleneblue.

Treatment

Thetreatmentofchoiceisantitoxin,whichshouldbegivenimmediatelyonthebasisof
clinicalimpressionbecausethereisadelayinlaboratorydiagnosticprocedures.The
toxinbindsrapidlyandirreversiblytocellsand,oncebound,cannotbeneutralizedby
antitoxin.Thefunctionofantitoxinisthereforetoneutralizeunboundtoxinintheblood.

Becausetheantiserum ismadeinhorses,thepatientmustbetestedfor
hypersensitivity,andmedicationsforthetreatmentofanaphylaxismustbeavailable.
Serum sicknessmayoccurafteradministrationofantiserum madeinhorses.

TreatmentwithpenicillinGorerythromycinisalsorecommended,butneitherisa
substituteforantitoxin.Antibioticsinhibitgrowthoftheorganism,reducetoxin
production,anddecreasetheincidenceofchroniccarriers.

Prevention

Immunizationofthechildrenwithdiphtheriatoxoidhoweverthisdoesnotprevent
nasopharyngealcarriageoftheorganism.
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LISTERIAMONOCYTOGENES

Diseases

L.monocytogenescausesmeningitisandsepsisinnewborns,pregnantwomen,and
immunosuppressedadults.Italsocausesoutbreaksoffebrilegastroenteritis.Itisa
majorcauseofconcernforthefoodindustry.

ImportantProperties

L.monocytogenesisasmallgram-positiverodarrangedinV-orL-shapedformations
similartocorynebacteria.Theorganism exhibitsanunusualtumblingmovementthat
distinguishesitfrom thecorynebacteria,whicharenonmotile.

Coloniesonabloodagarplateproduceanarrowzoneofβ-hemolysisthatresembles

thehemolysisofsomestreptococci.

Listeriagrowswellatcoldtemperatures,sostorageofcontaminatedfoodinthe
refrigeratorcanincreasetheriskofgastroenteritis.Thisparadoxicalgrowthinthecold
iscalled“coldenhancement.”

Pathogenesis

Listeriainfectionsoccurprimarilyintwoclinicalsettings:

 Inthefetusorinanewbornasaresultoftransmissionacrosstheplacentaor
duringdelivery

 Inpregnantwomenandimmunosuppressedadults,especiallyrenaltransplant
patients.(Notethatpregnantwomenhavereducedcell-mediatedimmunity
duringthethirdtrimester.)

Theorganism isdistributedworldwideinanimals,plants,andsoil.From these
reservoirs,itistransmittedtohumansprimarilybyingestionofunpasteurizedmilk
products,undercookedmeat,andrawvegetables.Contactwithdomesticfarm animals
andtheirfecesisalsoanimportantsource.

Followingingestion,thebacteriaappearinthecolonandthencancolonizethefemale
genitaltract.From thislocation,theycaninfectthefetusifmembranesruptureorinfect
theneonateduringpassagethroughthebirthcanal.

ThepathogenesisofListeriadependsontheorganism’sabilitytoinvadeandsurvive
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withincellswhichismediatedbyinternalinmadebyListeriaandE-cadherinonthe
surfaceofhumancells.

Uponenteringthecell,theorganism produceslisteriolysin,whichallowsittoescape
from thephagosomeintothecytoplasm,therebyescapingdestructioninthe
phagosome.

BecauseListeriapreferentiallygrowsintracellularly,cell-mediatedimmunityisamore
importanthostdefensethanhumoralimmunity.Suppressionofcell-mediatedimmunity
predisposestoListeriainfections.

L.monocytogenescanmovefrom celltocellbymeansofactinrockets—filamentsof

actinpolymerizeandpropelthebacteriathroughthemembraneofonehumancelland
intoanother.

ClinicalFindings

Infectionduringpregnancycancauseabortion,prematuredelivery,orsepsisduringthe
peripartum period.

Newbornsinfectedatthetimeofdeliverycanhaveacutemeningitis1to4weekslater.
Thebacteriareachthemeningesviathebloodstream (bacteremia).

Theinfectedmothereitherisasymptomaticorhasaninfluenza-likeillness.

L.monocytogenesinfectionsinimmunocompromisedadultscanbeeithersepsisor
meningitis.

GastroenteritiscausedbyL.monocytogenesischaracterizedbywaterydiarrhea,fever,
headache,myalgias,andabdominalcrampsbutlittlevomiting.

Outbreaksareusuallycausedbycontaminateddairyproducts,butundercookedmeats
suchaschickenandhotdogsandsomeready-to-eatfoods.

LaboratoryDiagnosis

LaboratorydiagnosisismadeprimarilybyGram stainandculture.Theappearanceof
gram-positiverodsresemblingdiphtheroidsandtheformationofsmall,graycolonies
withanarrowzoneofβ-hemolysisonabloodagarplatesuggestthepresenceof

Listeria.

TheisolationofListeriaisconfirmedbythepresenceofmotileorganisms,which
differentiatethem from thenonmotilecorynebacteria.

Identificationoftheorganism asL.monocytogenesismadebysugarfermentation
tests.

Treatment

Treatmentofinvasivedisease,suchasmeningitisandsepsis,consistsoftrimethoprim-
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sulfamethoxazole.

Combinations,suchasampicillinandgentamicinorampicillinandtrimethoprim-
sulfamethoxazole,canalsobeused.

Resistantstrainsarerare.Listeriagastroenteritistypicallydoesnotrequiretreatment.
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Prevention

Preventionisdifficultbecausethereisnoimmunization.

Limitingtheexposureofpregnantwomenandimmunosuppressedpatientstopotential
sourcessuchasfarm animals,unpasteurizedmilkproducts,andrawvegetablesis
recommended.

Trimethoprim-sulfamethoxazolegiventoimmunocompromisedpatientstoprevent
Pneumocystispneumoniacanalsopreventlisteriosis.

GRAM NEGATIVERODS

Theyarealargegroupofdiverseorganismsthatcanbesubdividedintothreeclinically
relevantcategoriesaccordingtowhethertheorganism isrelatedprimarilytotheenteric
ortherespiratorytractortoanimalsources.

Gram-negativerodsrelatedtotheenterictractincludealargenumberofgeneraand
havethereforebeendividedintothreegroupsdependingonthemajoranatomic
locationofdisease,namely;

1.Pathogensbothwithinandoutsidetheenterictract.(EscherichiaandSalmonella)

2.Pathogensprimarilywithintheenterictract.(Shigella,Vibrio,Campylobacterand
Helicobacter)

3.Pathogensoutsidetheenterictract.(Klebsiella-Enterobacter-Serratiagroup,
Proteus–Providencia–Morganellagroup,PseudomonasandBacteroides)

ENTEROBACTERIACEAE&RELATEDORGANISMS

Enterobacteriaceaeisalargefamilyofgram-negativerodsfoundprimarilyinthecolon
ofhumansandotheranimals,manyaspartofthenormalflora.

Theyarethemajorfacultativeanaerobesinthelargeintestine.

Theyallfermentglucose(fermentationofothersugarsvaries).

Nonehavecytochromeoxidase(i.e.,theyareoxidase-negative).

Theyreducenitratestonitritesaspartoftheirenergy-generatingprocesses.

Pathogenesis

AllmembersoftheEnterobacteriaceae,beinggram-negative,containendotoxinintheir
cellwallsandseveralexotoxinsareproduced(e.g.,E.coliandVibriocholeraesecrete
exotoxins,calledenterotoxins,thatactivateadenylatecyclasewithinthecellsofthe
smallintestine,causingdiarrhea).

Antigens
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TheantigensespeciallySalmonellaandShigella,areimportant;theyareusedfor
identificationpurposesbothintheclinicallaboratoryandinepidemiologic
investigations.Thethreesurfaceantigensareasfollows:

1.Thecellwallantigen(alsoknownasthesomatic,orO,antigen)istheouter
polysaccharideportionofthelipopolysaccharide.

2.TheHantigenisontheflagellaprotein.Onlyflagellatedorganisms,suchas
EscherichiaandSalmonella,haveHantigens,whereasthenonmotileones,such
asKlebsiellaandShigella,donot.

3.ThecapsularorKpolysaccharideantigenisparticularlyprominentinheavily
encapsulatedorganismssuchasKlebsiella.TheKantigenisidentifiedbythe
quellung(capsularswelling)reactioninthepresenceofspecificantisera.

LaboratoryDiagnosis

Specimensareinoculatedontotwomedia,abloodagarplateandaselectivedifferential
medium suchasMacConkey’sagaroreosin–methyleneblue(EMB)agar.The

differentialabilityoftheselattermediaisbasedonlactosefermentation.

Onthesemedia,thenon–lactosefermenters(e.g.,SalmonellaandShigella)form

colorlesscolonies,whereasthelactosefermenters(e.g.,E.coli)form coloredcolonies.

AntibioticTherapy

TheappropriatetreatmentforinfectionscausedbymembersoftheEnterobacteriaceae
andrelatedorganismsmustbeindividuallytailoredtotheantibioticsensitivityofthe
organism.

Awiderangeofantimicrobialagentsarepotentiallyeffective(e.g.,somepenicillinsand
cephalosporins,aminoglycosides,chloramphenicol,tetracyclines,quinolones,and
sulfonamides).Thespecificchoiceusuallydependsontheresultsofantibiotic
sensitivitytests.

ESCHERICHIA

Diseases

E.coliisthemostcommoncauseofurinarytractinfectionandgram-negativerod
sepsis.Itisoneofthetwoimportantcausesofneonatalmeningitisandtheagentmost
frequentlyassociatedwith“traveler’sdiarrhea,”awaterydiarrhea.SomestrainsofE.
coliareenterohemorrhagicandcausebloodydiarrhea.

ImportantProperties

E.coliisastraightgram-negativerod.

Itisthemostabundantfacultativeanaerobeinthecolonandfeces.
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Itfermentslactose,apropertythatdistinguishesitfrom thetwomajorintestinal
pathogens,ShigellaandSalmonella.

Ithasthreeantigensthatareusedtoidentifytheorganism inclinicalorepidemiologic
investigations:theO,orcellwall,antigen;theH,orflagella,antigen;andtheK,or
capsular,antigen.

Pathogenesis

ThereservoirofE.coliincludesbothhumansandanimals.ThesourceoftheE.colithat
causesurinarytractinfectionsisthepatient’sowncolonicflorathatcolonizesthe
urogenitalarea.ThesourceoftheE.colithatcausesneonatalmeningitisisthe
mother’sbirthcanal;theinfectionisacquiredduringbirth.Incontrast,theE.colithat
causestraveler’sdiarrheaisacquiredbyingestionoffoodorwatercontaminatedwith

humanfeces.NotethatthemainreservoirofenterohemorrhagicE.coliO157iscattle
andtheorganism isacquiredinundercookedmeat.

E.colihastheabilitytocausediseasethrough:pili,acapsule,endotoxin,andthree
exotoxins(enterotoxins),twothatcausewaterydiarrheaandonethatcausesbloody
diarrheaandhemolytic–uremicsyndrome.

ClinicalFindings

E.colicausesavarietyofdiseasesbothwithinandoutsidetheintestinaltract.

Theclinicalfindingswithintheintestinaltractincludeswatery,non-bloodydiarrhea
(traveler’sdiarrhea)withnoRBCorWBCinstoolandbloodydiarrheacausedbyE.coli
O157:hemolytic–uremicsyndrome(HUS)withRBCinstoolandschistocytesinblood
smear.

LaboratoryDiagnosis

E.coli,aregrowninitiallyonabloodagarplateandonadifferentialmedium,suchas
EMBagarorMacConkey’sagar.

E.coli,whichfermentslactose,formspinkcolonies,whereaslactose-negative
organismsarecolorless.OnEMBagar,E.colicolonieshaveacharacteristicgreen
sheen.

SomeoftheimportantfeaturesthathelpdistinguishE.colifrom otherlactose-
fermentinggram-negativerodsareasfollows:

1.Itproducesindolefrom tryptophan.

2.Itdecarboxylateslysine.

3.Itusesacetateasitsonlysourceofcarbon.

4.Itismotile.E.coliO157:H7doesnotfermentsorbitol,whichservesasan
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importantcriterionthatdistinguishesitfrom otherstrainsofE.coli.

TheisolationofenterotoxigenicorenteropathogenicE.colifrom patientswithdiarrhea
isnotaroutinediagnosticprocedure.

Treatment

TreatmentofE.coliinfectionsdependsonthesiteofdiseaseandtheresistance
patternofthespecificisolate.Forexample,anuncomplicatedlowerurinarytract
infection(cystitis)canbetreatedusingoraltrimethoprim-sulfamethoxazoleor
nitrofurantoin.Pyelonephritiscanbetreatedwithciprofloxacinorceftriaxone.

E.colisepsisrequirestreatmentwithparenteralantibiotics(e.g.,athirdgeneration
cephalosporin,suchascefotaxime,withorwithoutanaminoglycoside,suchas
gentamicin).

Forthetreatmentofneonatalmeningitis,acombinationofampicillinandcefotaximeis
usuallygiven.AntibiotictherapyisusuallynotindicatedinE.colidiarrhealdiseases.
However,administrationoftrimethoprim-sulfamethoxazoleorloperamide(Imodium)
mayshortenthedurationofsymptoms.

Rehydrationistypicallyallthatisnecessaryinthisself-limiteddisease.

Prevention

ThereisnospecificpreventionforE.coliinfections,howevertheincidenceofurinary
tractinfectionscanbeloweredbythejudicioususeandpromptwithdrawalofcatheters
and,inrecurrentinfections,byprolongedprophylaxiswithurinaryantisepticdrugs(e.g.,
nitrofurantoinortrimethoprim-sulfamethoxazole).

Somecasesofsepsiscanbepreventedbypromptremovaloforswitchingthesiteof
intravenouslines.

Traveler’sdiarrheacansometimesbepreventedbytheprophylacticuseofdoxycycline,

ciprofloxacin,trimethoprim-sulfamethoxazole,orPepto-Bismol.Ingestionofuncooked
foodsandunpurifiedwatershouldbeavoidedwhiletravelingincertaincountries.

SALMONELLA

Diseases

Salmonellaspeciescauseenterocolitis,entericfeverssuchastyphoidfever,and
septicemiawithmetastaticinfectionssuchasosteomyelitis.

ImportantProperties

Salmonellaearegram-negativerodsthatdonotfermentlactosebutdoproduceH2S—

featuresthatareusedintheirlaboratoryidentification.

Theirantigens—cellwallO,flagellaH,andcapsularVi(virulence)—areimportantfor
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taxonomicandepidemiologicpurposes.TheOantigens,whicharetheouter
polysaccharidesofthecellwall,areusedtosubdividethesalmonellaeintogroupsA–I.

TherearetwoformsoftheHantigens,phases1and2.

TheViantigens(capsularpolysaccharides)areantiphagocyticandareanimportant
virulencefactorforS.typhi,theagentoftyphoidfever.TheViantigensarealsousedfor
theserotypingofS.typhiintheclinicallaboratory.

Therearethreemethodsfornamingthesalmonellae.Ewingdividesthegenusintothree
species:S.typhi,Salmonellacholeraesuis,andSalmonellaenteritidis.

Pathogenesis&Epidemiology

ThethreetypesofSalmonellainfections(enterocolitis,entericfevers,andsepticemia)
havedifferentpathogenicfeatures.

Enterocolitisischaracterizedbyaninvasionoftheepithelialandsubepithelialtissueof
thesmallandlargeintestinesresultingtoinflammationanddiarrhea.Gastricacidisan
importanthostdefense;gastrectomyoruseofantacidslowerstheinfectiousdose
significantly.

Intyphoidandotherentericfevers,infectionbeginsinthesmallintestine,butfew
gastrointestinalsymptomsoccur.Theorganismsenter,multiplyinthemononuclear
phagocytes,andthenspreadtothephagocytesoftheliver,gallbladder,andspleen.This
leadstobacteremia,whichisassociatedwiththeonsetoffeverandothersymptoms,
probablycausedbyendotoxin.

Septicemiaaccountsforonlyabout5%to10%ofSalmonellainfectionsandoccursin
oneoftwosettings:apatientwithanunderlyingchronicdisease,suchassicklecell
anemiaorcancer,orachildwithenterocolitis.

TheepidemiologyofSalmonellainfectionsisrelatedtotheingestionoffoodandwater
contaminatedbyhumanandanimalwastes.S.typhi,thecauseoftyphoidfever,is
transmittedonlybyhumans,butallotherspecieshaveasignificantanimalaswellas
humanreservoir.Themostfrequentanimalsourceispoultryandeggs,butmeat
productsthatareinadequatelycookedhavebeenimplicatedaswell.

ClinicalFindings

Afteranincubationperiodof12to48hours,enterocolitisbeginswithnauseaand
vomitingandthenprogressestoabdominalpainanddiarrhea,whichcanvaryfrom mild
tosevere,withorwithoutblood.Usuallythediseaselastsafewdays,isself-limited,
causesnonbloodydiarrhea,anddoesnotrequiremedicalcareexceptintheveryyoung
andveryold.

Intyphoidfever,causedbyS.typhi,andinentericfever,causedbyS.paratyphithe
onsetofillnessisslow,withfeverandconstipation.Diarrheamayoccurearlybut
usuallydisappearsbythetimethefeverandbacteremiaoccur.About3%oftyphoid
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feverpatientsbecomechroniccarriers.

SepticemiaismostoftencausedbyS.choleraesuis.Thesymptomsbeginwithfeverbut
littleornoenterocolitisandthenproceedtofocalsymptomsassociatedwiththe
affectedorgan,frequentlybone,lung,ormeninges.

LaboratoryDiagnosis

Inenterocolitis,theorganism ismosteasilyisolatedfrom astoolsample.However,in
theentericfevers,abloodcultureistheproceduremostlikelytorevealtheorganism
duringthefirst2weeksofillness.Stoolculturesmayalsobepositive,especiallyin
chroniccarriersinwhom theorganism issecretedinthebileintotheintestinaltract.

Salmonellaeform non–lactose-fermenting(colorless)coloniesonMacConkey’sorEMB

agar.OnTSIagar,analkalineslantandanacidbutt,frequentlywithbothgasandH2S
(blackcolorinthebutt),areproduced.S.typhiisthemajorexception;itdoesnotform
gasandproducesonlysmallamountofH2S.

DefinitiveserotypingoftheO,H,andViantigensisperformedforepidemiologic
purposes.

Incertaincasesofentericfeverandsepsisthediagnosiscanbemadeserologicallyby
detectingariseinantibodytiterinthepatient’sserum (Widaltest).

Treatment

EnterocolitiscausedbySalmonellaisusuallyaself-limiteddiseasethatresolves
withouttreatment.Fluidandelectrolytereplacementmayberequired.Antibiotic
treatmentdoesnotshortentheillnessorreducethesymptoms;infact,itmayprolong
excretionoftheorganisms,increasethefrequencyofthecarrierstate,andselect
mutantsresistanttotheantibiotic.Antimicrobialagentsareindicatedonlyforneonates
orpersonswithchronicdiseaseswhoareatriskforsepticemiaanddisseminated
abscesses.

Thetreatmentofchoiceforentericfeverssuchastyphoidfeverandsepticemiawith
metastaticinfectioniseitherceftriaxoneorciprofloxacin.Ampicillinorciprofloxacin
shouldbeusedinpatientswhoarechroniccarriersofS.typhi.

Prevention

Salmonellainfectionsarepreventedmainlybypublichealthandpersonalhygiene
measures.Propersewagetreatment,achlorinatedwatersupplythatismonitoredfor
contaminationbycoliform bacteria,culturesofstoolsamplesfrom foodhandlersto
detectcarriers,handwashingpriortofoodhandling,pasteurizationofmilk,andproper
cookingofpoultry,eggs,andmeatareallimportant.

Twovaccinesareavailable,buttheyconferlimited(50%–80%)protectionagainstS.
typhi.OnecontainstheVicapsularpolysaccharideofS.typhi(givenintramuscularly),
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andtheothercontainsalive,attenuatedstrain(Ty21a)ofS.typhi(givenorally).Thetwo
vaccinesareequallyeffective.

SHIGELLA

Disease

Shigellaspeciescauseenterocolitis.EnterocolitiscausedbyShigellaisoftencalled
bacillarydysentery.Theterm dysenteryreferstobloodydiarrhea.

ImportantProperties

Shigellaearenon–lactose-fermenting,gram-negativerodsthatcanbedistinguished

from salmonellaebythreecriteria:theyproducenogasfrom thefermentationof
glucose,theydonotproduceH2S,andtheyarenon-motile.AllshigellaehaveO
antigens(polysaccharide)intheircellwalls,andtheseantigensareusedtodividethe
genusintofourgroups:A,B,C,andD.

Pathogenesis&Epidemiology

Shigellaearethemosteffectivepathogensamongtheentericbacteria.

Shigellosisisonlyahumandisease(i.e.,thereisnoanimalreservoir).Theorganism is
transmittedbythefecal–oralroute.ThefourFs—fingers,flies,food,andfeces—arethe

principalfactorsintransmission.Foodborneoutbreaksoutnumberwaterborne
outbreaksby2to1.

Shigellae,whichcausediseasealmostexclusivelyinthegastrointestinaltract,produce
bloodydiarrhea(dysentery)byinvadingthecellsofthemucosaofthedistalileum and
colon.Localinflammationaccompaniedbyulcerationoccurs,buttheorganismsrarely
penetratethroughthewallorenterthebloodstream,unlikesalmonellae.Althoughsome
strainsproduceanenterotoxin(calledShigatoxin),invasionisthecriticalfactorin
pathogenesis.

Shigatoxinsareencodedbylysogenicbacteriophages.Shigatoxinsverysimilarto
thoseproducedbyenterohemorrhagicE.coliO157:H7strainsthatcauseenterocolitis
andhemolytic–uremicsyndrome(HUS).

ClinicalFindings

Afteranincubationperiodof1to4days,symptomsbeginwithfeverandabdominal
cramps,followedbydiarrhea,whichmaybewateryatfirstbutlatercontainsbloodand
mucus.Thediseasevariesfrom mildtoseveredependingontwomajorfactors:the
speciesofShigellaandtheageofthepatient,withyoungchildrenandelderlypeople
beingthemostseverelyaffected.

Thediarrheafrequentlyresolvesin2or3days;inseverecases,antibioticscanshorten
thecourse.Serum agglutininsappearafterrecoverybutarenotprotectivebecausethe



Page74of74

organism doesnotentertheblood.TheroleofintestinalIgAinprotectionisuncertain.

LaboratoryDiagnosis

Shigellaeform non–lactose-fermenting(colorless)coloniesonMacConkey’sor

EMBagar.OnTSIagar,theycauseanalkalineslantandanacidbutt,withnogasandno
H2S.Confirmationoftheorganism asShigellaanddeterminationofitsgrouparedone
byslideagglutination.

Oneimportantadjuncttolaboratorydiagnosisisamethylenebluestainofafecal
sampletodeterminewhetherneutrophilsarepresent.Iftheyarefound,aninvasive
organism suchasShigella,Salmonella,orCampylobacterisinvolvedratherthanatoxin-
producingorganism suchasV.cholerae,E.coli,orClostridium perfringens.

Treatment

Themaintreatmentforshigellosisisfluidandelectrolytereplacement.Inmildcases,no
antibioticsareindicated.

Inseverecases,afluoroquinolone(e.g.,ciprofloxacin)isthedrugofchoice,butthe
incidenceofplasmidsconveyingmultipledrugresistanceishighenoughthatantibiotic
sensitivitytestsmustbeperformed.Trimethoprim-sulfamethoxazoleisanalternative
choice.Antiperistalticdrugsarecontraindicatedinshigellosis,becausetheyprolongthe
fever,diarrhea,andexcretionoftheorganism.

Prevention

Preventionofshigellosisisdependentoninterruptionoffecal–oraltransmissionby

propersewagedisposal,chlorinationofwater,andpersonalhygiene(handwashingby
foodhandlers).Thereisnovaccine,andprophylacticantibioticsarenotrecommended.

VIBRIO

Diseases

V.cholerae,themajorpathogeninthisgenus,isthecauseofcholera.Vibrio
parahaemolyticuscausesdiarrheaassociatedwitheatingraworimproperlycooked
seafood.Vibriovulnificuscausescellulitisandsepsis.

ImportantProperties

Vibriosarecurved,comma-shaped,gram-negativerods.V.choleraisdividedintotwo
groupsaccordingtothenatureofitsOcellwallantigen.

MembersoftheO1groupcauseepidemicdisease,whereasnon-O1organismseither
causesporadicdiseaseorarenon-pathogens.TheO1organismshavetwobiotypes,
calledclassicandElTor,andthreeserotypes,calledOgawa,Inaba,andHikojima.
(Biotypesarebasedondifferencesinbiochemicalreactions,whereasserotypesare
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basedonantigenicdifferences.)Thesefeaturesareusedtocharacterizeisolatesin
epidemiologicinvestigations.

V.parahaemolyticusandV.vulnificusaremarineorganisms;theyliveprimarilyinthe
ocean,especiallyinwarm saltwater.Theyarehalophilic(i.e.,theyrequireahighNaCl
concentrationtogrow).

1.Vibriocholerae

Pathogenesis&Epidemiology

V.choleraeistransmittedbyfecalcontaminationofwaterandfood,primarilyfrom
humansources.Humancarriersarefrequentlyasymptomaticandincludeindividuals
whoareeitherintheincubationperiodorconvalescing.Themainanimalreservoirsare
marineshellfish,suchasshrimpandoysters.Ingestionofthesewithoutadequate
cookingcantransmitthedisease.

Thepathogenesisofcholeraisdependentoncolonizationofthesmallintestinebythe
organism andsecretionofenterotoxin.Forcolonizationtooccur,largenumbersof
bacteriamustbeingestedbecausetheorganism isparticularlysensitivetostomach
acid.Personswithlittleornostomachacid,suchasthosetakingantacidsorthosewho
havehadgastrectomy,aremuchmoresusceptible.

Afteradhering,theorganism multipliesandsecretesanenterotoxincalledcholeragen
(choleratoxin).Thisexotoxincanreproducethesymptomsofcholeraeveninthe
absenceoftheVibrioorganisms.

ClinicalFindings

Waterydiarrheainlargevolumesisthehallmarkofcholera.Therearenoredbloodcells
orwhitebloodcellsinthestool.Rice-waterstoolistheterm oftenappliedtothenon-
bloodyeffluent.Thereisnoabdominalpain,andsubsequentsymptomsarereferenced
tothemarkeddehydration.Thelossoffluidandelectrolytesleadstocardiacandrenal
failure.Acidosisandhypokalemiaalsooccurasaresultoflossofbicarbonateand
potassium inthestool.Themortalityratewithouttreatmentis40%.

LaboratoryDiagnosis

Theapproachtolaboratorydiagnosisdependsonthesituation.Duringanepidemic,a
clinicaljudgmentismadeandthereislittleneedforthelaboratory.

Fordiagnosisofsporadiccasesinthiscountry,acultureofthediarrheastool
containingV.choleraewillshowcolorlesscoloniesonMacConkey’sagarbecause
lactoseisfermentedslowly.Theorganism isoxidase-positive,whichdistinguishesit
from membersoftheEnterobacteriaceae.

OnTSIagar,anacidslantandanacidbuttwithoutgasorH2Sareseenbecausethe
organism fermentssucrose.ApresumptivediagnosisofV.choleraecanbeconfirmed
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byagglutinationoftheorganism bypolyvalentO1ornon-O1antiserum.Aretrospective
diagnosiscanbemadeserologicallybydetectingariseinantibodytiterinacute-and
convalescentphasesera.

Treatment

Treatmentconsistsofprompt,adequatereplacementofwaterandelectrolytes,either
orallyorintravenously.Glucoseisaddedtothesolutiontoenhancetheuptakeofwater
andelectrolytes.Antibioticssuchastetracyclinearenotnecessary,buttheydoshorten
thedurationofsymptomsandreducethetimeofexcretionoftheorganisms.

Prevention

Preventionisachievedmainlybypublichealthmeasuresthatensureacleanwaterand
foodsupply.Thevaccine,composedofkilledorganisms,haslimitedusefulness;itis
only50%effectiveinpreventingdiseasefor3to6monthsanddoesnotinterrupt
transmission.

Theuseoftetracyclineforpreventioniseffectiveinclosecontactsbutcannotprevent
thespreadofamajorepidemic.

Promptdetectionofcarriersisimportantinlimitingoutbreaks.

2.Vibrioparahaemolyticus

V.parahaemolyticusisamarineorganism transmittedbyingestionofrawor
undercookedseafood,especiallyshellfishsuchasoysters.Itisamajorcauseof
diarrheainJapan,whererawfishiseateninlargequantities.

Littleisknownaboutitspathogenesis,exceptthatanenterotoxinsimilartocholeragen
issecretedandlimitedinvasionsometimesoccurs.

TheclinicalpicturecausedbyV.parahaemolyticusvariesfrom mildtoquitesevere
waterydiarrhea,nauseaandvomiting,abdominalcramps,andfever.Theillnessisself-
limited,lastingabout3days.V.parahaemolyticusisdistinguishedfrom V.cholerae
mainlyonthebasisofgrowthinNaCl:V.parahaemolyticusgrowsin8%NaClsolution
(asbefitsamarineorganism),whereasV.choleraedoesnot.Nospecifictreatmentis
indicated,becausethediseaseisrelativelymildandself-limited.Diseasecanbe
preventedbyproperrefrigerationandcookingofseafood.

3.Vibriovulnificus

V.vulnificusisalsoamarineorganism (i.e.,itisfoundinwarm saltwaterssuchasthe
CaribbeanSea).Itcausessevereskinandsofttissueinfections(cellulitis),especiallyin
shellfishhandlers,whooftensustainskinwounds.Itcanalsocausearapidlyfatal
septicemiainimmunocompromisedpeoplewhohaveeatenrawshellfishcontaining
theorganism.
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Therecommendedtreatmentisdoxycycline.

CAMPYLOBACTER

Diseases

C.jejuniisafrequentcauseofenterocolitis,especiallyinchildren.OtherCampylobacter
speciesarerarecausesofsystemicinfection,particularlybacteremia.

ImportantProperties

Campylobactersarecurved,gram-negativerodsthatappeareithercomma-orS-shaped.

Theyaremicroaerophilic,growingbestin5%oxygenratherthaninthe20%presentin
theatmosphere.C.jejunigrowswellat42°C,whereas

Pathogenesis&Epidemiology

Domesticanimalssuchascattle,chickens,anddogsserveasasourceofthe
organismsforhumans.Transmissionisusuallyfecal–oral.Foodandwater

contaminatedwithanimalfecesarethemajorsourcesofhumaninfection.Foods,such
aspoultry,meat,andunpasteurizedmilk,arecommonlyinvolved.Puppieswithdiarrhea
areacommonsourceforchildren.Human-to-humantransmissionoccursbutisless
frequentthananimal-to-humantransmission.

Inflammationoftheintestinalmucosaoftenoccurs,accompaniedbybloodinstools.
Systemicinfections(e.g.,bacteremia)occurmostofteninneonatesordebilitated
adults.

ClinicalFindings

Enterocolitis,causedprimarilybyC.jejuni,beginsaswatery,foul-smellingdiarrhea
followedbybloodystoolsaccompaniedbyfeverandsevereabdominalpain.Systemic
infections,mostcommonlybacteremia,arecausedmoreoftenbyC.intestinalis.The
symptomsofbacteremia(e.g.,feverandmalaise)areassociatedwithnospecific
physicalfindings.

GastrointestinalinfectionwithC.jejuniisassociatedwithGuillain-Barrésyndrome,the
mostcommoncauseofacuteneuromuscularparalysis.Guillain-Barrésyndromeisan
autoimmunediseaseattributedtotheformationofantibodiesagainstC.jejunithat
cross-reactwithantigensonneurons.

InfectionwithCampylobacterisalsoassociatedwithtwootherautoimmunediseases:
reactivearthritisandReiter’ssyndrome.

LaboratoryDiagnosis

Ifthepatienthasdiarrhea,astoolspecimenisculturedonabloodagarplatecontaining
antibioticsthatinhibitmostotherfecalflora.
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Theplateisincubatedat42°Cinamicroaerophilicatmospherecontaining5%oxygen

and10%carbondioxide,whichfavorsthegrowthofC.jejuni.Itisidentifiedbyfailureto
growat25°C,oxidasepositivity,andsensitivitytonalidixicacid.UnlikeShigellaand

Salmonella,lactosefermentationisnotusedasadistinguishingfeature.Ifbacteremia
issuspected,abloodcultureincubatedunderstandardtemperatureandatmospheric
conditionswillrevealthegrowthofthecharacteristicallycomma-orS-shaped,motile,
gram-negativerods.

Identificationoftheorganism asC.intestinalisisconfirmedbyitsfailuretogrowat42°

C,itsabilitytogrowat25°C,anditsresistancetonalidixicacid.

Treatment

ErythromycinorciprofloxacinisusedsuccessfullyinC.jejunienterocolitis.The
treatmentofchoiceforC.intestinalisbacteremiaisanaminoglycoside.

Prevention

Thereisnovaccineorotherspecificpreventivemeasure.Propersewagedisposaland
personalhygiene(handwashing)areimportant.

HELICOBACTER

Diseases

Helicobacterpyloricausesgastritisandpepticulcers.InfectionwithH.pyloriisarisk
factorforgastriccarcinomaandislinkedtomucosal-associatedlymphoidtissue
(MALT)lymphomas.

ImportantProperties

Helicobactersarecurvedgram-negativerodssimilarinappearancetocampylobacters,
butbecausetheydiffersufficientlyincertainbiochemicalandflagellarcharacteristics,
theyareclassifiedasaseparategenus.Inparticular,helicobactersarestronglyurease-
positive,whereascampylobactersareurease-negative.

Pathogenesis&Epidemiology

H.pyloriattachestothemucus-secretingcellsofthegastricmucosa.Theproductionof
largeamountsofammoniafrom ureabytheorganism’surease,coupledwithan

inflammatoryresponse,leadstodamagetothemucosa.Lossoftheprotectivemucus
coatingpredisposestogastritisandpepticulcer.Theammoniaalsoneutralizes
stomachacid,allowingtheorganism tosurvive.

ThenaturalhabitatofH.pyloriisthehumanstomach,anditisprobablyacquiredby
ingestion.However,ithasnotbeenisolatedfrom stool,food,water,oranimals.

Person-to-persontransmissionprobablyoccursbecausethereisclusteringofinfection
withinfamilies.TherateofinfectionwithH.pyloriindevelopingcountriesisveryhigh—a
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findingthatisinaccordwiththehighrateofgastriccarcinomainthosecountries.

MALTlymphomasareB-celltumorslocatedtypicallyinthestomach,buttheyoccur
elsewhereinthegastrointestinaltractaswell.H.pyloriisoftenfoundinthem MALT
lesion,andthechronicinflammationinducedbytheorganism isthoughttostimulateB-
cellproliferationandeventuallyaB-celllymphoma.

Antibiotictreatmentdirectedagainsttheorganism oftencausesthetumortoregress.

ClinicalFindings

Gastritisandpepticulcerarecharacterizedbyrecurrentpainintheupperabdomen,
frequentlyaccompaniedbybleedingintothegastrointestinaltract.Nobacteremiaor
disseminateddiseaseoccurs.

LaboratoryDiagnosis

Theorganism canbeseenonGram-stainedsmearsofbiopsyspecimensofthegastric
mucosa.Itcanbeculturedonthesamemediaascampylobacters.IncontrasttoC.
jejuni,H.pyloriisurease-positive.Ureaseproductionisthebasisforanoninvasive
diagnostictestcalledthe“ureabreath”test.Inthistest,radiolabeledureaisingested.If

theorganism ispresent,ureasewillcleavetheingestedurea,radiolabeledCO2is
evolved,andtheradioactivityisdetectedinthebreath.

AtestforHelicobacterantigeninthestoolcanbeusedfordiagnosisandfor
confirmationthattreatmenthaseliminatedtheorganism.ThepresenceofIgG
antibodiesinthepatient’sserum canalsobeusedasevidenceofinfection.

Treatment&Prevention

Theconceptthatunderliesthechoiceofdrugsistouseantibioticstoeliminate
Helicobacterplusadrugtoreducegastricacidity.Acombinationoftwoantibioticsis
usedbecauseresistance,especiallytometronidazole,hasemerged.Treatmentof
duodenalulcerswithantibiotics(e.g.,amoxicillinandmetronidazole)andbismuthsalts
(Pepto-Bismol)resultsinagreatlydecreasedrecurrencerate.Tetracyclinecanbeused
insteadofamoxicillin.Thereisnovaccineorotherspecificpreventivemeasure
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KLEBSIELLA–ENTEROBACTER–SERRATIAGROUP

Diseases

Theseorganismsareusuallyopportunisticpathogensthatcausenosocomialinfections,
especiallypneumoniaandurinarytractinfections.K.pneumoniaeisanimportant
respiratorytractpathogenoutsidehospitalsaswell.

ImportantProperties

K.pneumoniae,Enterobactercloacae,andSerratiamarcescensarethespeciesmost
ofteninvolvedinhumaninfections.Theyarefrequentlyfoundinthelargeintestinebut
arealsopresentinsoilandwater.Theseorganismshaveverysimilarpropertiesandare
usuallydistinguishedonthebasisofbiochemicalreactionsandmotility.K.pneumoniae
hasaverylargepolysaccharidecapsule,whichgivesitscoloniesastrikingmucoid
appearance.S.marcescensproducesredpigmentedcolonies.

Pathogenesis&Epidemiology

Ofthethreeorganisms,K.pneumoniaeismostlikelytobeaprimary,non-opportunistic
pathogen;thispropertyisrelatedtoitsanti-phagocyticcapsule.

Althoughthisorganism isaprimarypathogen,patientswithK.pneumoniaeinfections
frequentlyhavepredisposingconditionssuchasadvancedage,chronicrespiratory
disease,diabetes,oralcoholism.Theorganism iscarriedintherespiratorytractof
about10%ofhealthypeople,whoarepronetopneumoniaifhostdefensesarelowered.

EnterobacterandSerratiainfectionsareclearlyrelatedtohospitalization,especiallyto
invasiveproceduressuchasintravenouscatheterization,respiratoryintubation,and
urinarytractmanipulations.Inaddition,outbreaksofSerratiapneumoniahavebeen
associatedwithcontaminationofthewaterinrespiratorytherapydevices.

Serratiaalsocausesendocarditisinusersofinjectiondrugs.Aswithmanyothergram-
negativerods,thepathogenesisofsepticshockcausedbytheseorganismsisrelated
totheendotoxinsintheircellwalls.

ClinicalFindings

Urinarytractinfectionsandpneumoniaaretheusualclinicalentitiesassociatedwith
thesethreebacteria,butbacteremiaandsecondaryspreadtootherareassuchasthe
meningesandliveroccur.Itisdifficulttodistinguishinfectionscausedbythese
organismsonclinicalgrounds,withtheexceptionofpneumoniacausedbyKlebsiella,
whichproducesathick,bloodysputum (“currant-jelly”sputum)andcanprogressto

necrosisandabscessformation.

LaboratoryDiagnosis

Organismsofthisgroupproducelactose-fermenting(colored)coloniesondifferential
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agarsuchasMacConkey’sorEMB,althoughSerratia,whichisalatelactosefermenter,
canproduceanegativereaction.Theseorganismsaredifferentiatedbytheuseof
biochemicaltests.

Treatment

Becausetheantibioticresistanceoftheseorganismscanvarygreatly,thechoiceof
drugdependsontheresultsofsensitivitytesting.Isolatesfrom hospital-acquired
infectionsarefrequentlyresistanttomultipleantibiotics.

Anaminoglycoside(e.g.,gentamicin)andcephalosporin(e.g.,cefotaxime)areused
empiricallyuntiltheresultsoftestingareknown.

Prevention

Somehospital-acquiredinfectionscausedbygram-negativerodscanbepreventedby
suchgeneralmeasuresaschangingthesiteofintravenouscatheters,removingurinary
catheterswhentheyarenolongerneeded,andtakingpropercareofrespiratorytherapy
devices.Thereisnovaccine.

PROTEUS–PROVIDENCIA–MORGANELLAGROUP

Diseases

Theseorganismsprimarilycauseurinarytractinfections,bothcommunity-andhospital-
acquired.

Inthepast,therewerefourmedicallyimportantspeciesofProteus.However,molecular
studiesofDNArelatednessshowedthattwoofthefourweresignificantlydifferent.
Thesespecieshavebeenrenamed:ProteusmorganiiisnowMorganellamorganii,and
ProteusrettgeriisnowProvidenciarettgeri.Intheclinicallaboratory,theseorganisms
aredistinguishedfrom ProteusvulgarisandProteusmirabilisonthebasisofseveral
biochemicaltests.

ImportantProperties

Thesegram-negativerodsaredistinguishedfrom othermembersofthe
Enterobacteriaceaebytheirabilitytoproducetheenzymephenylalaninedeaminase.

Inaddition,theyproducetheenzymeurease,whichcleavesureatoform NH3and

CO2.Certainspeciesareverymotileandproduceastrikingswarmingeffectonblood
agar,characterizedbyexpandingrings(waves)oforganismsoverthesurfaceofthe
agar.

ThecellwallOantigensofcertainstrainsofProteuscross-reactwithantigensof
severalspeciesofrickettsiae.TheseProteusantigenscanbeusedinlaboratoryteststo
detectthepresenceofantibodiesagainstcertainrickettsiaeinpatients’serum.This

test,calledtheWeil-Felixreaction.
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Pathogenesis&Epidemiology

Theorganismsarepresentinthehumancolonaswellasinsoilandwater.Their
tendencytocauseurinarytractinfectionsisprobablyduetotheirpresenceinthecolon
andtocolonizationoftheurethra,especiallyinwomen.

ThevigorousmotilityofProteusorganismsmaycontributetotheirabilitytoinvadethe
urinarytract.

Productionoftheenzymeureaseisanimportantfeatureofthepathogenesisofurinary
tractinfectionsbythisgroup.Ureasehydrolyzestheureainurinetoform ammonia,
whichraisesthepH,producinganalkalineurine.Thisencouragestheformationof
stones(calculi)called“struvite”composedofmagnesium ammonium phosphate.

Stonesintheurinarytractobstructurineflow,damageurinaryepithelium,andserveas
anidusforrecurrentinfectionbytrappingbacteriawithinthestone.

Becausealkalineurinealsofavorsgrowthoftheorganismsandmoreextensiverenal
damage,treatmentinvolveskeepingtheurineatalowpH.

ClinicalFindings

Thesignsandsymptomsofurinarytractinfectionscausedbytheseorganismscannot
bedistinguishedfrom thosecausedbyE.coliorothermembersofthe
Enterobacteriaceae.Proteusspeciescanalsocausepneumonia,woundinfections,and
septicemia.

LaboratoryDiagnosis

Theseorganismsusuallyarehighlymotileandproducea“swarming”overgrowthon

bloodagar,whichcanfrustrateeffortstorecoverpureculturesofotherorganisms.

Growthonbloodagarcontainingphenylethylalcoholinhibitsswarming,thusallowing
isolatedcoloniesofProteusandotherorganismstobeobtained.

Theyproducenon–lactose-fermenting(colorless)coloniesonMacConkey’sorEMB

agar.

P.vulgarisandP.mirabilisproduceH2S,whichblackensthebuttofTSIagar,whereas
neitherM.morganiinorP.rettgeridoes.P.mirabilisisindole-negative,whereasthe
otherthreespeciesareindole-positive—adistinctionthatcanbeusedclinicallytoguide

thechoiceofantibiotics.Thesefourmedicallyimportantspeciesareurease-positive.
Identificationoftheseorganismsintheclinicallaboratoryisbasedonavarietyof
biochemicalreactions.

Treatment

Moststrainsaresensitivetoaminoglycosidesandtrimethoprim-sulfamethoxazole,but
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becauseindividualisolatescanvary,antibioticsensitivitytestsshouldbeperformed.P.
mirabilisisthespeciesmostfrequentlysensitivetoampicillin.Theindole-positive
species(P.vulgaris,M.morganii,andP.rettgeri)aremoreresistanttoantibioticsthan
isP.mirabilis,whichisindole-negative.Thetreatmentofchoicefortheindole-positive
speciesisacephalosporin(e.g.,cefotaxime).P.rettgeriisfrequentlyresistantto
multipleantibiotics.

Prevention

Therearenospecificpreventivemeasures,butmanyhospital-acquiredurinarytract
infectionscanbepreventedbypromptremovalofurinarycatheters.
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PSEUDOMONAS

Diseases

Pseudomonasaeruginosacausesinfections(e.g.,sepsis,pneumonia,andurinarytract
infections)primarilyinpatientswithloweredhostdefenses.Italsocauseschronic
lowerrespiratorytractinfectionsinpatientswithcysticfibrosis,woundinfections
(cellulitis)inburnpatientsandmalignantotitisexternaindiabeticpatients.Itisthe
mostcommoncauseofventilator-associatedpneumonia.

(P.aeruginosaisalsoknownasBurkholderiaaeruginosa.)Pseudomonas
cepacia(renamedBurkholderiacepacia)andPseudomonasmaltophilia(renamed
XanthomonasmaltophiliaandnowcalledStenotrophomonasmaltophilia)alsocause
theseinfections,butmuchlessfrequently.Pseudomonaspseudomallei(alsoknownas
Burkholderiapseudomallei),thecauseofmelioidosis.

ImportantProperties

Pseudomonadsaregram-negativerodsthatresemblethemembersofthe
Enterobacteriaceaebutdifferinthattheyarestrictaerobes(i.e.,theyderivetheirenergy
onlybyoxidationofsugarsratherthanbyfermentation).Becausetheydonotferment
glucose,theyarecallednonfermenters,incontrasttothemembersofthe
Enterobacteriaceae,whichdofermentglucose.Oxidationinvolveselectrontransportby
cytochromec(i.e.,theyareoxidase-positive).

Pseudomonadsareabletogrowinwatercontainingonlytracesofnutrients(e.g.,tap
water),andthisfavorstheirpersistenceinthehospitalenvironment.P.aeruginosaand
B.cepaciahavearemarkableabilitytowithstanddisinfectants.

P.aeruginosaproducestwopigmentsusefulinclinicalandlaboratorydiagnosis:

1.Pyocyanin,whichcancolorthepusinawoundblue.

2.Pyoverdin(fluorescein),ayellow-greenpigmentthatfluorescesunderultravioletlight,
apropertythatcanbeusedintheearlydetectionofskininfectioninburnpatients.

Inthelaboratory,thesepigmentsdiffuseintotheagar,impartingablue-greencolor
thatisusefulinidentification.P.aeruginosaistheonlyspeciesofPseudomonasthat
synthesizespyocyanin.

StrainsofP.aeruginosaisolatedfrom cysticfibrosispatientshaveaprominentslime
layer(glycocalyx),whichgivestheircoloniesaverymucoidappearance.Theslimelayer
mediatesadherenceoftheorganism tomucousmembranesoftherespiratorytractand
preventsantibodyfrom bindingtotheorganism.

Pathogenesis&Epidemiology

P.aeruginosaisfoundchieflyinsoilandwater,althoughapproximately10%ofpeople
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carryitinthenormalfloraofthecolon.Itisfoundontheskininmoistareasandcan
colonizetheupperrespiratorytractofhospitalizedpatients.Itcontaminatesthe
respiratorytherapyandanesthesiaequipment,intravenousfluids,andevendistilled
water.

P.aeruginosaisprimarilyanopportunisticpathogenthatcausesinfectionsin
hospitalizedpatients(e.g.,thosewithextensiveburns),inwhom theskinhostdefenses
aredestroyed;inthosewithchronicrespiratorydisease(e.g.,cysticfibrosis),inwhom
thenormalclearancemechanismsareimpaired;inthosewhoareimmunosuppressed;
inthosewithneutrophilcountsoflessthan500/mL;andinthosewithindwelling
catheters.Itcauses10%to20%ofhospital-acquiredinfectionsandinmanyhospitals,is
themostcommoncauseofgram-negativenosocomialpneumonia,especiallyventilator
-associatedpneumonia.

Pathogenesisisbasedonmultiplevirulencefactors:endotoxin,exotoxins,andenzymes.
Itsendotoxin,likethatofothergram-negativebacteria,causesthesymptomsofsepsis
andsepticshock.ThebestknownoftheexotoxinsisexotoxinA,whichcausestissue
necrosis.

Italsoproducesenzymes,suchaselastaseandproteasesthatarehistotoxicand
facilitateinvasionoftheorganism intothebloodstream.Pyocyanindamagesthecilia
andmucosalcellsoftherespiratorytract.

ClinicalFindings

P.aeruginosacancauseinfectionsvirtuallyanywhereinthebody,buturinarytract
infections,pneumonia(especiallyincysticfibrosispatients),andwoundinfections
(especiallyburns)predominate.Itisanimportantcauseofhospitalacquiredpneumonia,
especiallyinthoseundergoingmechanicalventilation(ventilator-associated
pneumonia).From thesesites,theorganism canentertheblood,causingsepsis.The
bacteriacanspreadtotheskin,wheretheycauseblack,necroticlesionscalledecthyma
gangrenosum.

Severeexternalotitis(malignantotitisexterna)andotherskinlesions(e.g.,folliculitis)
occurinusersofswimmingpoolsandhottubs(hottubfolliculitis)inwhichthe
chlorinationisinadequate.P.aeruginosaisthemostcommoncauseofosteochondritis
ofthefootinthosewhosustainpuncturewoundsthroughthesolesofgym shoes.
CornealinfectionscausedbyP.aeruginosaareseenincontactlensusers.

LaboratoryDiagnosis

P.aeruginosagrowsasnon–lactose-fermenting(colorless)coloniesonMacConkey’s

orEMBagar.Itisoxidase-positive.AtypicalmetallicsheenofthegrowthonTSIagar,
coupledwiththeblue-greenpigmentonordinarynutrientagarandafruityaromaare
sufficienttomakeapresumptivediagnosis.

Thediagnosisisconfirmedbybiochemicalreactions.Identificationforepidemiologic
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purposesisdonebybacteriophageorpyocin6typing.

Treatment

Treatmentmustbetailoredtothesensitivityofeachisolateandmonitoredfrequently;
resistantstrainscanemergeduringtherapy.Thetreatmentofchoiceisan
antipseudomonalpenicillin(e.g.,piperacillin/tazobactam orticarcillin/clavulanate)plus
anaminoglycoside(e.g.,gentamicinoramikacin).Forinfectionscausedbyhighly
resistantstrains,colistin(polymyxinE)isuseful.Thedrugofchoiceforurinarytract
infectionsisciprofloxacin.

Prevention

PreventionofP.aeruginosainfectionsinvolveskeepingneutrophilcountsabove
500/mL,removingindwellingcatheterspromptly,takingspecialcareofburnedskin,and
takingothersimilarmeasurestolimitinfectioninpatientswithreducedhostdefenses.

BACTEROIDES&PREVOTELLAassignment
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GRAM NEGATIVERODSOFTHERESPIRATORYTRACT

Therearethreemedicallyimportantgram-negativerodstypicallyassociatedwiththe
respiratorytract,namely,Haemophilusinfluenzae,Bordetellapertussis,andLegionella
pneumophila.H.influenzaeandB.pertussisarefoundonlyinhumans,whereasL.
pneumophilaisfoundprimarilyinenvironmentalwatersources.

HAEMOPHILUS

Diseases

H.influenzaeusedtobetheleadingcauseofmeningitisinyoungchildren,buttheuse
ofthehighlyeffective“conjugate”vaccinehasgreatlyreducedtheincidenceof

meningitiscausedbythisorganism.Itisstillanimportantcauseofupperrespiratory
tractinfections(otitismedia,sinusitis,conjunctivitis,andepiglottitis)andsepsisin
children.Italsocausespneumoniainadults,particularlyinthosewithchronic
obstructivelungdisease.

ImportantProperties

H.influenzaeisasmallgram-negativerod(coccobacillus)withapolysaccharide
capsule.Itisoneofthethreeimportantencapsulatedpyogens,alongwiththe
pneumococcusandthemeningococcus.Serologictypingisbasedontheantigenicityof
thecapsularpolysaccharide.

Growthoftheorganism onlaboratorymediarequirestheadditionoftwocomponents,
heme(factorX)andNAD(factorV),foradequateenergyproduction.

Pathogenesis&Epidemiology

H.influenzaeinfectsonlyhumans;thereisnoanimalreservoir.Itentersthebodybythe
inhalationofairbornedropletsintotherespiratorytract,resultingineither
asymptomaticcolonizationorinfectionssuchasotitismedia,sinusitis,orpneumonia.

Theorganism producesanIgAproteasethatdegradessecretoryIgA,thusfacilitating
attachmenttotherespiratorymucosa.Afterbecomingestablishedintheupper
respiratorytract,theorganism canenterthebloodstream (bacteremia)andspreadto
themeninges.

PathogenesisofH.influenzaeinvolvesitsantiphagocyticcapsuleandendotoxin;no
exotoxinisproduced.

Mostinfectionsoccurinchildrenbetweentheagesof6monthsand6years,witha
peakintheagegroupfrom 6monthsto1year.ThisisduetoadeclineinmaternalIgG
inthechildcoupledwiththeinabilityofthechildtogeneratesufficientantibodyagainst
thepolysaccharidecapsularantigenuntiltheageofapproximately2years.

ClinicalFindings
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MeningitiscausedbyH.influenzaeistypicalwithrapidonsetoffever,headache,and
stiffneck,alongwithdrowsiness.

Sinusitisandotitismediacausepainintheaffectedarea.

Otherseriousinfectionscausedbythisorganism includesepticarthritis,cellulitis,and
sepsis,thelatteroccurringespeciallyinsplenectomizedpatients.

Rarely,epiglottitis,whichcanobstructtheairway,occurswithaswollen“cherry-red”

epiglottisseen.

Pneumoniainelderlyadults,especiallythosewithchronicrespiratorydisease,

LaboratoryDiagnosis

Laboratorydiagnosisdependsonisolationoftheorganism onheated-blood

(“chocolate”)agarenrichedwithtwogrowthfactorsnamely,factorX(aheme

compound)andfactorV(NAD).

Anorganism thatgrowsonlyinthepresenceofbothgrowthfactorsispresumptively
identifiedasH.influenza.

Definitiveidentificationcanbemadewitheitherbiochemicaltestsorthecapsular
swelling(quellung)reaction.

Othertestsincludefluorescentantibodystainingoftheorganism andcounterimmune-
electrophoresisorlatexagglutinationteststodetectthecapsularpolysaccharide.

Treatment

Thetreatmentofchoiceformeningitisorotherserioussystemicinfectionscausedby

H.influenzaeisceftriaxone.

H.influenzaeupperrespiratorytractinfections,suchasotitismediaandsinusitis,are
treatedwitheitheramoxicillin-clavulanateortrimethoprim-sulfamethoxazole.

Prevention

Vaccinationofchildrenbetweentheageof2and15moths.Thevaccinecontainsthe
capsularpolysaccharideofH.influenzaetypebconjugatedtodiphtheriatoxoidorother
carrierprotein.

Meningitisinclosecontactsofthepatientcanbepreventedbyrifampinasitdecreases
respiratorycarriageoftheorganism,therebyreducingtransmission.

BORDETELLA

Disease

B.pertussiscauseswhoopingcough(pertussis).
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ImportantProperties

B.pertussisisasmall,coccobacillary,encapsulatedgram-negativerod.

Pathogenesis&Epidemiology

B.pertussis,apathogenonlyforhumans,istransmittedbyairbornedropletsproduced
duringtheseverecoughingepisodes.Theorganismsattachtotheciliatedepithelium of
theupperrespiratorytractbutdonotinvadetheunderlyingtissue.

Decreasedciliaactivityandsubsequentdeathoftheciliatedepithelialcellsare
importantaspectsofpathogenesis.

Pertussisisahighlycontagiousdiseasethatoccursprimarilyininfantsandyoung
childrenandhasaworldwidedistribution.

Severalfactorsplayaroleinthepathogenesis:

1.Attachmentoftheorganism totheciliaoftheepithelialcellsismediatedbya
proteinonthepilicalledfilamentoushemagglutinin.

2.Pertussistoxinstimulatesadenylatecyclaseresultingtoedemaofthe
respiratorymucosathatcontributestotheseverecoughofpertussis.

3.Theorganismsalsosynthesizeandexportadenylatecyclasewhichwhentaken
upbyphagocyticcells(e.g.,neutrophils),inhibitstheirbactericidalactivity.

4.Trachealcytotoxindamagesciliatedcellsoftherespiratorytract.

ClinicalFindings

Whoopingcoughisanacutetracheobronchitisthatbeginswithmildupperrespiratory
tractsymptomsfollowedbyasevereparoxysmalcough,whichlastsfrom 1to4weeks.
Theparoxysmalpatternischaracterizedbyaseriesofhackingcoughs,accompaniedby
productionofcopiousamountsofmucus,thatendwithaninspiratory“whoop”asair

rushespastthenarrowedglottis.Despitetheseverityof

Leukocytosiswithupto70%lymphocytesisseenanddeathoccursmainlydueto
pneumonia.

Inadults,B.pertussisinfectionoftenmanifestsasaparoxysmalcoughofvarying
severitylastingweeks.Thecharacteristicwhoopisoftenabsent,leadingtodifficultyin
recognizingthecoughascausedbythisorganism andthereforeadultswithacough
lastingseveralweeks(oftencalledthe100-daycough)shouldbeevaluatedforinfection
withB.pertussis.

LaboratoryDiagnosis

Theorganism canbeisolatedfrom nasopharyngealswabstakenduringtheparoxysmal
stage.
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Identificationoftheisolatedorganism canbemadebyagglutinationwithspecific
antiserum orbyfluorescent-antibodystaining.

Polymerasechainreaction-basedtestsarehighlyspecificandsensitiveandshouldbe
usedifavailable.

Serologicteststhatdetectantibodyinthepatient’sserum canbeusedfordiagnosisin
patientswithprolongedcough.

Treatment

Azithromycinisthedrugofchoiceasitreducesthenumberoforganismsinthethroat
anddecreasestheriskofsecondarycomplications.

Supportivecare(e.g.,oxygentherapyandsuctionofmucus)duringtheparoxysmal
stageisimportant,especiallyininfants.

Prevention

Vaccinationwithanacellularvaccinecontainingpurifiedproteinsfrom theorganism
andakilledvaccinecontaininginactivatedB.pertussisorganisms.

Azithromycinisusedinpreventionofdiseaseinexposed,unimmunizedindividualsand
shouldalsobegiventoimmunizedchildrenyoungerthan4yearswhohavebeen
exposedbecausevaccine-inducedimmunityisnotcompletelyprotective.

LEGIONELLA

Disease

L.pneumophila(andotherlegionellae)causespneumonia,bothinthecommunityandin
hospitalizedimmunocompromisedpatients.Thegenusisnamedafterthefamous
outbreakofpneumoniaamongpeopleattendingtheAmericanLegionconventionin
Philadelphiain1976(Legionnaires’disease).

ImportantProperties

Legionellaearegram-negativerodsthatstainfaintlywiththestandardGram stain.
Theydo,however,haveagram-negativetypeofcellwall,andincreasingthetimeofthe
safranincounterstainenhancesvisibility.

Legionellaegrowinculturemediasupplementedwithhighconcentrationofironand
cysteine.

L.pneumophilacausesapproximately90%ofpneumoniaattributedtolegionellaeand
theremaining10%ofcasesarecausedbytwospecies,Legionellamicdadeiand
Legionellabozemanii.

Pathogenesis&Epidemiology
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Legionellaeareassociatedchieflywithenvironmentalwatersourcessuchasair
conditionersandwater-coolingtowers.Outbreaksofpneumoniainhospitalshavebeen
attributedtothepresenceoftheorganism inwatertaps,sinks,andshowers.

Theportalofentryistherespiratorytract,andpathologicchangesoccurprimarilyinthe
lung.However,inseverecases,bacteremiaoccurs,accompaniedbydamagetothe
vascularendothelium inmultipleorgans,especiallythebrainandkidneys.

Themajorvirulencefactoroftheorganism islipopolysaccharide(endotoxin).No
exotoxinsareproduced.

ThetypicalcandidateforLegionnaires’diseaseisanoldermanwhosmokesand

consumessubstantialamountsofalcohol.Patientswithacquiredimmunodeficiency
syndrome(AIDS),cancer,ortransplants(especiallyrenaltransplants)orpatientsbeing
treatedwithcorticosteroidsarepredisposedtoLegionellapneumonia,whichindicates
thatcell-mediatedimmunityisthemostimportantdefensemechanism.

Despiteairbornetransmissionoftheorganism,person-to-personspreaddoesnotoccur.

ClinicalFindings

Theclinicalpicturevariesfrom amildinfluenza-likeillnesstoaseverepneumonia
accompaniedbymentalconfusion,non-bloodydiarrhea,proteinuria,andmicroscopic
hematuria.Coughisaprominentsymptom withsputum thatisscantyandnon-purulent.

HyponatremiaisanimportantlaboratoryfindingthatoccursmoreofteninLegionella
pneumoniathaninpneumoniacausedbyotherbacteria.

Legionellosisisanatypicalpneumoniaandmustbedistinguishedfrom othersimilar
pneumonias

LaboratoryDiagnosis

Sputum Gram stainsrevealsmanyneutrophilsbutnobacteria.Theorganism grows
onlyoncharcoal-yeastagar,aspecialmedium supplementedwithironandcysteine.

Diagnosisusuallydependsonasignificantincreaseinantibodytiterinconvalescent-
phaseserum bytheindirectimmunofluorescenceassay.

DetectionofL.pneumophilaantigensintheurineisarapidmeansofmakinga
diagnosis.

Treatment

Azithromycinorerythromycin(withorwithoutrifampin)isthetreatmentofchoice.

Certainfluoroquinolones,suchaslevofloxacinandtrovafloxacin,arealsodrugsof
choice.

Theorganism frequentlyproducesβ-lactamase,andsopenicillinsandcephalosporins
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arelesseffective.

Prevention

Preventioninvolvesreducingcigaretteandalcoholconsumption,eliminatingaerosols
from watersources,andreducingtheincidenceofLegionellainhospitalwatersupplies
byusinghightemperaturesandhyperchlorination.

Thereisnovaccine.

GRAM-NEGATIVERODSRELATEDTOANIMALSOURCES(ZOONOTICORGANISMS)

Zoonosesarehumandiseasescausedbyorganismsthatareacquiredfrom animals.

Therearebacterial,viral,fungal,andparasiticzoonoses.Somezoonoticorganismsare
acquireddirectlyfrom theanimalreservoir,whereasothersaretransmittedbyvectors,
suchasmosquitoes,fleas,orticks.

Therearefourmedicallyimportantgram-negativerodsthathavesignificantanimal
reservoirs:Brucellaspecies,Francisellatularensis,Yersiniapestis,andPasteurella
multocida.

BRUCELLA

Disease

Brucellaspeciescausebrucellosis(undulantfever).

ImportantProperties

Brucellaearesmallgram-negativerodswithoutacapsule.Thethreemajorhuman
pathogensandtheiranimalreservoirsareBrucellamelitensis(goatsandsheep),
Brucellaabortus(cattle),andBrucellasuis(pigs).

Pathogenesis&Epidemiology

Theorganismsenterthebodyeitherbyingestionofcontaminatedmilkproductsor
throughtheskinbydirectcontactinanoccupationalsettingsuchasanabattoir.

Theylocalizeinthereticuloendothelialsystem,namely,thelymphnodes,liver,spleen,
andbonemarrow.Manyorganismsarekilledbymacrophages,butsomesurvivewithin
thesecells,wheretheyareprotectedfrom antibody.Thehostresponseis
granulomatous,withlymphocytesandepithelioidgiantcells,whichcanprogressto
form focalabscesses.Themechanism ofpathogenesisoftheseorganismsisnotwell
defined,exceptthatendotoxinisinvolved.Noexotoxinsareproduced.

ClinicalFindings
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Afteranincubationperiodof1to3weeks,nonspecificsymptomssuchasfever,chills,
fatigue,malaise,anorexia,andweightlossoccur.Theonsetcanbeacuteorgradual.
Theundulating(rising-and-falling)feverpatternthatgivesthediseaseitsnameoccurs
inaminorityofpatients.Enlargedlymphnodes,liver,andspleenarefrequentlyfound.
Pancytopeniaoccurs.

B.melitensisinfectionstendtobemoresevereandprolonged,whereasthosecaused
byB.abortusaremoreself-limited.

Osteomyelitisisthemostfrequentcomplication.

Secondaryspreadfrom persontopersonisrare.

LaboratoryDiagnosis

Isolationoftheorganism requirestheuseofenrichedculturemediaandincubationin
10%CO2.

Theorganismscanbepresumptivelyidentifiedbyusingaslideagglutinationtestwith
Brucellaantiserum,andthespeciescanbeidentifiedbybiochemicaltests.

Treatment

Thetreatmentofchoiceistetracyclineplusrifampin.Thereisnosignificantresistance
tothesedrugs.

Prevention

Preventionofbrucellosisinvolvespasteurizationofmilk,immunizationofanimals,and
slaughteringofinfectedanimals.Thereisnohumanvaccine.

FRANCISELLA

Disease

Francisellatularensiscausestularemia.

ImportantProperties

F.tularensisisasmall,pleomorphicgram-negativerod.Ithasasingleserologictype.
Therearetwobiotypes,AandB,whicharedistinguishedprimarilyontheirvirulence.
TypeAismorevirulent,whereastypeBislessvirulent.

Pathogenesis&Epidemiology

F.tularensisisremarkableinrabbits,deer,andavarietyofrodents.Thebacteriaare
transmittedamongtheseanimalsbyvectorssuchasticks,mites,andlice,especially
theDermacentorticksthatfeedonthebloodofwildrabbits.Thetickmaintainsthe
chainoftransmissionbypassingthebacteriatoitsoffspringbythetransovarianroute.
Inthisprocess,thebacteriaarepassedthroughovum,larva,andnymphstagestoadult
tickscapableoftransmittingtheinfection.
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Humansareaccidental“dead-end”hostswhoacquiretheinfectionmostoftenbybeing
bittenbythevectororbyhavingskincontactwiththeanimalduringremovalofthehide.
Rarely,theorganism isingestedininfectedmeat,causinggastrointestinaltularemia,or
isinhaled,causingpneumonia.Thereisnoperson-to-personspread.

Itthenlocalizestothecellsofthereticuloendothelialsystem,andgranulomasare
formed.Necrosisandabscessescanalsooccur.Symptomsarecausedprimarilyby
endotoxin.Noexotoxinshavebeenidentified.

ClinicalFindings

Presentationvariesfrom suddenonsetofinfluenzalikesyndrometoprolongedonsetof
alow-gradefeverandadenopathy.Thesiteofentryulceratesandtheregionallymph
nodesareswollenandpainful.

Diseaseusuallyconferslifelongimmunity.

LaboratoryDiagnosis

Themostfrequentlyuseddiagnosticmethodistheagglutinationtestwithacute-and
convalescent-phaseserum samples.

Fluorescent-antibodystainingofinfectedtissuecanbeusedifavailable.

Treatment

Streptomycinisthedrugofchoice.Thereisnosignificantantibioticresistance.

Prevention

Preventioninvolvesavoidingbothbeingbittenbyticksandhandlingwildanimals.

Thereisalive,attenuatedbacterialvaccinethatisgivenonlytopersonswhose
occupationbringsthem intoclosecontactwithwildanimals.

YERSINIA

Disease

Yersiniapestisisthecauseofplague,alsoknownastheBlackDeath.

Twolessimportantspecies,YersiniaenterocoliticaandYersiniapseudotuberculosis,

ImportantProperties

Y.pestisisasmallgram-negativerodthatexhibitsbipolarstaining(i.e.,itresemblesa
safetypin,withacentralcleararea).Freshlyisolatedorganismspossessacapsule
composedofapolysaccharide–proteincomplex.Thecapsulecanbelostwithpassage
inthelaboratory;lossofthecapsuleisaccompaniedbyalossofvirulence.

Itisoneofthemostvirulentbacteria.

Pathogenesis&Epidemiology

Theenzootic(sylvatic)cycleconsistsoftransmissionamongwildrodentsbyfleas.
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Humansareaccidentalhosts,andcasesofplagueoccurasaresultofbeingbittenbya
fleathatispartofthesylvaticcycle.

Thecycleconsistsoftransmissionofthebacteriaamongrats(thereservoir),withthe
ratfleaasvector.Thiscyclepredominatesinpoorsanitation,whenratsproliferateand
comeincontactwiththefleasinthesylvaticcycle.

Thefleaingeststhebacteriawhiletakingabloodmealfrom abacteremicrodent.A
thickbiofilm containingmanyorganismsformsintheuppergastrointestinaltractthat
preventsanyfoodfrom proceedingdownthegastrointestinaltractoftheflea.This
“blockedflea”thenregurgitatestheorganismsintothebloodstream ofthenextanimal
orhumanitbites.

Theorganismsinoculatedatthetimeofthebitespreadtotheregionallymphnodes,
whichbecomeswollenandtender.Theseswollenlymphnodesarethebuboesthat
haveledtothenamebubonicplague.

Theendotoxin-relatedsymptoms,includingdisseminatedintravascularcoagulationand
cutaneoushemorrhages,probablywerethegenesisoftheterm blackdeath.

Theorganism hasseveralfactorsthatcontributetoitsvirulence:

1.Theenvelopecapsularantigen,

2.Endotoxin

3.Exotoxin

4.TwoproteinsknownasVantigenandW antigen

ClinicalFindings

Bubonicplague,whichisthemostfrequentform,beginswithpainandswellingofthe
lymphnodesdrainingthesiteofthefleabiteandsystemicsymptomssuchashigh
fever,myalgias,andprostration.Theaffectednodesenlargeandbecomeexquisitely
tender.Thesebuboesareanearlycharacteristicfinding.

Septicshockandpneumoniaarethemainlife-threateningsubsequentevents.
Pneumonicplaguecanariseeitherfrom inhalationofanaerosolorfrom septicemboli
thatreachthelungs.

LaboratoryDiagnosis

Smearandcultureofbloodorpusfrom thebuboisthebestdiagnosticprocedure.

GiemsaorWaysonstainrevealsthetypicalsafety-pinappearanceoftheorganism
betterthandoesGram stain.

Fluorescent-antibodystainingcanbeusedtoidentifytheorganism intissues.

Treatment

Thetreatmentofchoiceisacombinationofstreptomycinandatetracyclinesuchas
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doxycycline,althoughstreptomycinalonecanbeused.Levofloxacincanalsobeused.
Thereisnosignificantantibioticresistance.

Prevention

Preventionofplagueinvolvescontrollingthespreadofratsinurbanareas,preventing
ratsfrom enteringthecountrybyshiporairplane,andavoidingbothfleabitesand
contactwithdeadwildrodents.

Apatientwithplaguemustbeplacedinstrictisolation(quarantine)for72hoursafter
antibiotictherapyisstarted.Onlyclosecontactsneedtoreceiveprophylactic
tetracycline,butallcontactsshouldbeobservedforfever.Reportingacaseofplagueto
thepublichealthauthoritiesismandatory.

Avaccineconsistingofformalin-killedorganismsprovidespartialprotectiongainst
bubonicbutnotpneumonicplague.

PASTEURELLAandBARTONELLAassignment
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MYCOBACTERIA

Mycobacteriaareaerobic,acid-fastbacilli(rods).Theyareneithergram-positivenor
gram-negative(i.e.,theyarestainedpoorlybythedyesusedinGram stain).Theyarethe
onlybacteriathatareacid-fastwithanexceptionofNocardiaasteroides,themajor
causeofnocardiosis.

Theterm acid-fastreferstoanorganism’sabilitytoretainthecarbolfuchsinstain

despitesubsequenttreatmentwithanethanol–hydrochloricacidmixture.Thehighlipid

(mycolicacid)content(approximately60%)oftheircellwallmakesmycobacteriaacid-
fast.

ThemajorpathogensareMycobacterium tuberculosis,thecauseoftuberculosis,and
Mycobacterium leprae,thecauseofleprosy.Atypicalmycobacteria,suchas
Mycobacterium avium-intracellularecomplexandMycobacterium kansasii,cancause
tuberculosis-likediseasebutarelessfrequentpathogens.

MYCOBACTERIUM TUBERCULOSIS

Disease

Itcausestuberculosis.

ImportantProperties

M.tuberculosisgrowsslowly.Becausegrowthissoslow,culturesofclinicalspecimens
mustbeheldfor6to8weeksbeforebeingrecordedasnegative.

Mediausedforitsgrowth(e.g.,Löwenstein-Jensenmedium)containcomplexnutrients
(e.g.,eggyolk)anddyes(e.g.,malachitegreen)whichinhibittheunwantednormalflora
presentinsputum samples.

M.tuberculosisisanobligateaerobe;thisexplainsitspredilectionforcausingdisease
inhighlyoxygenatedtissuessuchastheupperlobeofthelungandthekidney.

Cordfactor(trehalosedimycolate)iscorrelatedwithvirulenceoftheorganism.

Theorganism alsocontainsproteins,which,whencombinedwithwaxes,elicitdelayed
hypersensitivity.Theseproteinsaretheantigensinthepurifiedproteinderivative(PPD)
skintest(alsoknownasthetuberculinskintest).

Alipidlocatedinthebacterialcellwallcalledphthioceroldimycocerosateisrequiredfor
pathogenesisinthelung.

M.tuberculosisisrelativelyresistanttoacidsandalkalis.NaOHisusedtoconcentrate
clinicalspecimens;itdestroysunwantedbacteria

M.tuberculosisisresistanttodehydrationandsurvivesindriedexpectoratedsputum;
thispropertymaybeimportantinitstransmissionbyaerosol.
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SomestrainsofM.tuberculosisareresistanttothemainantimycobacterialdrug,
isoniazidaswellastomultipleantibiotics(calledmultidrug-resistantorMDRstrains).

Transmission&Epidemiology

M.tuberculosisistransmittedfrom persontopersonbyrespiratoryaerosol,andits
initialsiteofinfectionisthelung.Inthebody,itresideschieflywithinreticuloendothelial
cells(e.g.,macrophages).HumansarethenaturalreservoirofM.tuberculosisthough
someanimalscanbeinfected,andarenotareservoirforhumaninfection.

Mosttransmissionoccursbyaerosolsgeneratedbythecoughingof“smear-positive”

people.However,about20%ofpeopleareinfectedbyaerosolsproducedbythe

coughingof“smear-negative”people.

Theriskofinfectionanddiseaseishighestamongsocioeconomicallydisadvantaged
people,whohavepoorhousingandpoornutrition.

Pathogenesis

M.tuberculosisproducesnoexotoxinsanddoesnotcontainendotoxininitscellwall.
Theorganism infectsmacrophagesandotherreticuloendothelialcells.M.tuberculosis
survivesandmultiplieswithinacellularvacuolecalledaphagosome.

Itproducesaproteincalled“exportedrepetitiveprotein”thatpreventsthephagosome

from fusingwiththelysosome,therebyallowingtheorganism toescapethe
degradativeenzymesinthelysosome.

Lesionsaredependentonthepresenceoftheorganism andthehostresponse.

Therearetwotypesoflesions:

1.Exudativelesions,whichconsistofanacuteinflammatoryresponseandoccur
chieflyinthelungsattheinitialsiteofinfection.

2.Granulomatouslesions,whichconsistofacentralareaofgiantcellscontaining
tuberclebacillisurroundedbyazoneofepithelioidcells.Atubercleisa
granulomasurroundedbyfibroustissue.

Spreadoftheorganism withinthebodyoccursbytwomechanisms:

1.Atuberclecanerodeintoabronchusandspreadtheorganism tootherpartsof
thelungs,tothegastrointestinaltractifswallowed,andtootherpersonsif
expectorated.

2.Itcandisseminateviathebloodstream tomanyinternalorgans.Dissemination
canoccuratanearlystageifcell-mediatedimmunityfailstocontaintheinitial
infectionoratalatestageifapersonbecomesimmunocompromised.

ClinicalFindings
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Manyorganscanbeinvolvedwithfever,fatigue,nightsweats,andweightlossbeing
common.Pulmonarytuberculosiscausescoughandhemoptysis.Scrofulais
mycobacterialcervicallymphadenitisthatpresentsasswollen,non-tenderlymphnodes.

Lymphadenitisisthemostcommonextrapulmonarymanifestationoftuberculosis,
affectingmostlythepatientsinfectedwithhumanimmunodeficiencyvirus(HIV).

Erythemanodosum,characterizedbytendernodulesalongtheextensorsurfacesofthe
tibiaandulna,isamanifestationofprimaryinfectionseeninpatientswhoare
controllingtheinfectionwithapotentcell-mediatedresponse.

Miliarytuberculosisischaracterizedbymultipledisseminatedlesionsthatresemble
milletseeds.Tuberculousmeningitisandtuberculousosteomyelitis,especially
vertebralosteomyelitis(Pott’sdisease),areimportantdisseminatedforms.

Gastrointestinaltuberculosisischaracterizedbyabdominalpainanddiarrhea
accompaniedbymoregeneralizedsymptomsoffeverandweightloss.Intestinal
obstructionorhemorrhagemayoccur.

Oropharyngealtuberculosistypicallypresentsasapainlessulceraccompaniedbylocal
adenopathy.

Renaltuberculosispresentswithdysuria,hematuria,andflankpainoccur.“Sterile

pyuria”isacharacteristicfinding.Theurinecontainswhitebloodcells,and

mycobacterialculturesareoftenpositive.

LaboratoryDiagnosis

Acid-faststainingofsputum orotherspecimensistheusualinitialtest.

AfterdigestionofthespecimenbytreatmentwithNaOHandconcentrationby
centrifugation,thematerialisculturedonspecialmedia,suchasLöwenstein-Jensen
agar,forupto8weeks.Itwillnotgrowonabloodagarplate.

InliquidBACTECmedium,radioactivemetabolitesarepresent,andgrowthcanbe
detectedbytheproductionofradioactivecarbondioxideinabout2weeks.

Theorganism canbeidentifiedbybiochemicaltests,asM.tuberculosisproducesniacin,
whereasalmostnoothermycobacteriado.Italsoproducescatalase.

NucleicacidamplificationtestscanbeusedtodetectthepresenceofM.tuberculosis
directlyinclinicalspecimenssuchassputum.

Treatment&Resistance

Multidrugtherapyisusedtopreventtheemergenceofdrug-resistantmutantsduring
thelong(6-to9-month)durationoftreatment.

Isoniazid(INH),abactericidaldrug,isthemainstayoftreatment.Treatmentformost
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patientswithpulmonarytuberculosisiswiththreedrugs:INH,rifampin,and
pyrazinamide.INHandrifampinaregivenfor6months,butpyrazinamidetreatmentis
stoppedafter2months.

Inpatientswhoareimmunocompromised,whohavedisseminateddisease,orwhoare
likelytohaveINH-resistantorganisms,afourthdrug,ethambutol,isadded,andallfour
drugsaregivenfor9to12months.

Althoughtherapyisusuallygivenformonths,thepatient’ssputum becomes
noninfectiouswithin2to3weeks.

Prevention

Preventionofthespreadoftheorganism dependslargelyonthepromptidentification
andadequatetreatmentofpatientswhoarecoughinguptheorganism.

Theuseofmasksandotherrespiratoryisolationprocedurestopreventspreadto
medicalpersonnelisalsoimportant.

Contacttracingofindividualsexposedtopatientswithactivepulmonarydiseasewho
arecoughingshouldbedone.

BCGvaccinecanbeusedtoinducepartialresistancetotuberculosis.

MYCOBACTERIUM LEPRAE

Disease

Thisorganism causesleprosy(Hansen’sdisease).

ImportantProperties

M.lepraecanonlybegrowninexperimentalanimals,suchasmiceandarmadillos.

Humansarethenaturalhosts,althoughthearmadilloappearstobeareservoirfor
humaninfection.

Theoptimaltemperatureforgrowth(30°C)islowerthanbodytemperature;therefore,M.

lepraegrowspreferentiallyintheskinandsuperficialnerves.

Itgrowsveryslowly,withadoublingtimeof14days.

Transmission

Infectionisacquiredbyprolongedcontactwithpatientswithlepromatousleprosy,who
dischargeM.lepraeinlargenumbersinnasalsecretionsandfrom skinlesions.

Pathogenesis

Theorganism replicatesintracellularly,typicallywithinskinhistiocytes,endothelialcells,
andtheSchwanncellsofnerves.Thenervedamageinleprosyistheresultoftwo
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processes:damagecausedbydirectcontactwiththebacterium anddamagecausedby
CMIattackonthenerves.

Therearetwodistinctformsofleprosy—tuberculoidandlepromatous—withseveral

intermediateformsbetweenthetwoextremes.

1.Intuberculoid(alsoknownaspaucibacillary)leprosy,theCMIresponsetothe
organism limitsitsgrowth,veryfewacid-fastbacilliareseen,andgranulomas
containinggiantcellsform.Thenervedamageseemslikelytobecausedbycell-
mediatedimmunityastherearefeworganismsandtheCMIresponseisstrong.

2.Inlepromatous(alsoknownasmultibacillary)leprosy,thecell-mediated
responsetotheorganism ispoor,theskinandmucousmembranelesions
containlargenumbersoforganisms,foamyhistiocytesratherthangranulomas
arefound.

ClinicalFindings

Theincubationperiodaveragesseveralyears,andtheonsetofthediseaseisgradual.

Intuberculoidleprosy,hypopigmentedmacularorplaque-likeskinlesions,thickened
superficialnerves,andsignificantanesthesiaoftheskinlesionsoccur

Inlepromatousleprosy,multiplenodularskinlesionsoccur,resultinginthetypical
leonine(lion-like)facies.Aftertheonsetoftherapy,patientswithlepromatousleprosy
oftendeveloperythemanodosum leprosum (ENL),whichisinterpretedasasignthat
cell-mediatedimmunityisbeingrestored.

Thedisfiguringappearanceofthediseaseresultsfrom severalfactors:

1.Theskinanesthesiaresultsinburnsandothertraumas,whichoftenbecome
infected.

2.Resorptionofboneleadstolossoffeaturessuchasthenoseandfingertips.

3.Infiltrationoftheskinandnervesleadstothickeningandfoldingoftheskin.

LaboratoryDiagnosis

Inlepromatousleprosy,thebacilliareeasilydemonstratedbyperforminganacidfast

stainofskinlesionsornasalscrapings.Lipid-ladenmacrophagescalled“foam cells”

containingmanyacid-fastbacilliareseenintheskin.

Inthetuberculoidform,veryfeworganismsareseen,andtheappearanceoftypical
granulomasissufficientfordiagnosis.

Culturesarenegativebecausetheorganism doesnotgrowonartificialmedia.

AserologictestforIgM againstphenolicglycolipid-1isusefulinthediagnosisof
lepromatousleprosybutisnotusefulinthediagnosisoftuberculoidleprosy.
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Thediagnosisoflepromatousleprosycanbeconfirmedbyusingthepolymerasechain
reaction(PCR)testonaskinsample.

Treatment

Themainstayoftherapyisdapsone(diaminodiphenylsulfone),butbecausesufficient
resistancetothedrughasemerged,combinationtherapyisnowrecommended(e.g.,
dapsone,rifampin,andclofazimineforlepromatousleprosyanddapsoneandrifampin
forthetuberculoidform).Treatmentisgivenforatleast2yearsoruntilthelesionsare
freeoforganisms.

Acombinationofofloxacinplusclarithromycinisanalternativeregimen.Thalidomideis
thetreatmentofchoiceforsevereENLreactions.

Prevention

Isolationofalllepromatouspatients,coupledwithchemoprophylaxiswithdapsonefor
exposedchildren,isrequired.

Thereisnovaccine.

ATYPICALMYCOBACTERIAassignment


