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•• „„BioterrorismBioterrorism““ = 4.365 = 4.365 
(1996(1996--9/2001 = 205; 9/2001 = 205; 
1010--12/2001   = 240)12/2001   = 240)

•• „„qPCRqPCR““ = 1.481= 1.481
•• „„BioterrorismBioterrorism““ & & „„qPCRqPCR““ = = 

132132
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TheThe „„dirtydirty dozendozen““

BacteriaBacteria
-- YersiniaYersinia pestispestis
-- BacillusBacillus anthracisanthracis
-- BrucellaBrucella sppspp..
-- FrancisellaFrancisella tularensistularensis
-- BurkholderiaBurkholderia malleimallei//

B. B. pseudomalleipseudomallei
-- CoxiellaCoxiella burnetiiburnetii

VirusVirusVirus
--- VariolavirusVariolavirusVariolavirus
--- VenezuelanVenezuelanVenezuelan EquineEquineEquine

EncephalitisvirusEncephalitisvirusEncephalitisvirus
--- MarburgvirusMarburgvirusMarburgvirus

ToxinsToxins
-- BotulinumtoxinsBotulinumtoxins
-- StaphylokokkenStaphylokokken--

enterotoxinsenterotoxins
-- RicinRicin
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but.....but.....““mostmost wantedwanted““::

„„PCR and PCR and bacteriabacteria““ = = 
95.97695.976
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IdentificationIdentification of of BioterrorismBioterrorism
agentsagents

•• UNAMBIGUOUSUNAMBIGUOUS
•• SpecificSpecific
•• SensitiveSensitive
•• FastFast
•• ReproducableReproducable
•• SafeSafe
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•• TheThe anthraxanthrax bacillusbacillus, , BacillusBacillus
anthracisanthracis,, was was thethe firstfirst
bacteriumbacterium shownshown to to bebe thethe
cause of a cause of a diseasedisease. In 1877, . In 1877, 
Robert Koch Robert Koch grewgrew thethe
organismorganism in pure in pure cultureculture, , 
demonstrateddemonstrated itsits abilityability to form to form 
endosporesendospores, and , and producedproduced
experimental experimental anthraxanthrax byby
injectinginjecting itit intointo animalsanimals. . 

Kochs Kochs „„PostulatePostulate““
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„„AnthraxAnthrax““
©©CDCCDC

©©EIDEID
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BacillusBacillus anthracisanthracis::

* Gram* Gram--positivepositive
* aerobe rod * aerobe rod 
*  1 *  1 -- 1.21.2µµm in width xm in width x

3 3 -- 55µµm in lengthm in length
* * sporeformingsporeforming
* * GenotypicallyGenotypically and and phenotypicallyphenotypically

very similar to very similar to Bacillus cereusBacillus cereus andand
thuringiensisthuringiensis

* Toxin * Toxin producerproducer

SacculusSacculus

** ** SS--LayerLayer
SapSap + EA1+ EA1

** ** CapsuleCapsule: poly: poly--
γδγδ--GlutaminGlutamin--
acidacid

** Toxins** Toxins



VIRULENCEVIRULENCE--FACTORsFACTORs ((plasmidplasmid--
codedcoded))
•• PolyPoly--γγ--DD--GlutamylGlutamyl--capsulecapsule: pX01: pX01
•• ExotoxinExotoxin--complexcomplex: pX02: pX02
–– LethalfactorLethalfactor (LF)(LF)
–– EdemafactorEdemafactor (EF)(EF)
–– protectiveprotective Antigen (PA)Antigen (PA)





Mark

Ba831
rpoB
BA5
gyrB
saspB
plcR
gyrA
BA5345

er Reference
B. anthracis B. cereus
47/47 4/60 Ramisse et al 1996, JAM, 87, 224ff
14/14 5/36 Ellerbrock et al FEMS Microb Lett. 2002, 214, 51ff

510 4/4 2/289 Olsen et al JMM 2007, 71, 265ff
1/1 2/23 La Duc et al JMM 2004, 56, 383ff.
392/392 0/56 Hoffmaster et al EID 2002, 8, 1178ff
89/89 0/29 Easterday et al JCM 2005, 43, 1995ff
43/43 0/49 Hurtle JCM 2004, 42, 179ff
142/142 0/236 Antwerpen et al, MCP 2008, 22, 313ff

Number of strains testes versus amplified
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10000 copies/µl

1000

100

10

TheThe detectiondetection limitlimit
was was calculatedcalculated
usingusing ProbitProbit--
analysisanalysis
to to bebe 12.7 12.7 copiescopies
per per µµl l 
(95% (95% confidenceconfidence
intervalinterval, 10.2 , 10.2 -- 17.5 17.5 
copiescopies).).

„„Dhp61Dhp61--PCRPCR““
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YersiniaYersinia pestispestis

1. Gram1. Gram--negative, negative, shortshort rodrod

2. 2. FamilyFamily: : EnterobacteriaceaeEnterobacteriaceae

3. 11 3. 11 YersiniaYersinia--SpeciesSpecies, , 
3 3 humanhuman--pathogenpathogen
-- Y. Y. pestispestis

-- Y. Y. pseudotuberculosispseudotuberculosis
-- Y. Y. enterocoliticaenterocolitica
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CDC, Atlanta, USACDC, Atlanta, USA

ClinicalClinical aspectsaspects
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PulmonaryPulmonary PlaguePlague ––

„„TheThe PoxPox of of BacteriaBacteria““

aerogenaerogen InfectionInfection
((personperson--toto--personperson))
lessless thenthen 100 100 bacteriabacteria
shortshort IncubationtimeIncubationtime (6 h!)(6 h!)
high high letalityletality (>90%)(>90%)
no no safesafe vaccinevaccine availableavailable





BundeswehrBundeswehr Institute of Microbiology, MunichInstitute of Microbiology, Munich

11

Multiplex LC-PCR assays for the specific
detection of Yersinia pestis

Targets Internal 
amplification 

control

Multi A 16S rRNA gene pla (pPla) Bacteriophage
Lambda DNA

Multi B ymt (pMT1) caf1 (pMT1) Bacteriophage
Lambda DNA
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•• Pathogen of Pathogen of thethe ZoonosisZoonosis Q Q feverfever
•• gramgram--negativenegative
•• obligate obligate intracellularintracellular
•• smallsmall-- u. large u. large cellcell variantsvariants
•• „„SporeSpore--likelike““ ––particlesparticles ((resistantresistant))
•• extrem extrem lowlow ID: 1ID: 1--10 10 organismorganism
•• FamilyFamily of of LegionellalesLegionellales
•• CDCCDC--ClassificationClassification 2 (Aerosol, extreme 2 (Aerosol, extreme lowlow ID ID 

<10 <10 BacteriaBacteria))

Properties Coxiella burnetii

Legionellaceae

Coxiella

Coxiellaceae

Legionellales

Coxiella burnetii
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• periodical Outbreaks
worldwide incl. Germany 
(e.g.: Dillenburg, Aschaffen-
burg 2008, NL 2008 - >600 
cases)

• 98%: Acute (Pneumonia), 
2%  : Chronic (Endocarditis)

CoxiellaCoxiella burnetiiburnetii –– QQ--FeverFever

DiagnosticDiagnostic GoldGold--Standard: Standard: SerologySerology
(ELISA, IFA)(ELISA, IFA)
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Q Fever in Germany

YearYear LocationLocation CasesCases TransmissionTransmission

19931993 SontraSontra 8484 birthbirth productsproducts, , 
sheepsheep

19971997 GieGießßenen 6868 lambinglambing

20032003 SoestSoest 299299 lambinglambing

20052005 JenaJena 322322 sheepsheep flockflock
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Q Q FeverFever -- PCR PCR indicationsindications??

-- acuteacute QQ--feverfever: : serumserum samplessamples, , sputumsputum, , 
BAL,...(lowBAL,...(low DNA DNA amountamount))

-- chronicchronic QQ--feverfever: : bloodblood, , placentaplacenta//amnionamnion
fluidfluid, , heartheart valvevalve ((lowlow to moderate DNA)to moderate DNA)

-- „„BioterrorismBioterrorism““ samplessamples (moderate to high(moderate to high
DNA)DNA)

-- veterinaryveterinary medicinemedicine (Milk, (Milk, fecesfeces, , birthbirth productsproducts ––
moderate to high DNA)moderate to high DNA)
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PCR PCR requirementsrequirements

•• SensitivitySensitivity (high?!)(high?!)
•• SpecificitySpecificity (high!!)(high!!)
•• Controls (pos., Controls (pos., negneg., ., internalinternal), multiple ), multiple targetstargets??
•• StabilityStability of of reagentsreagents//robustnessrobustness (RT, 4(RT, 4°°//--2020°°C)C)
•• „„StabilityStability““ of of resultsresults, , reproduciblereproducible? ? 
•• HandsHands--onon--timetime/ / „„easyeasy--toto--useuse““
•• requestrequest „„frequencyfrequency““
•• CostsCosts
•• availabilityavailability guaranteeguarantee



„I have a dream…….“
++ 100% 100% SpecificitySpecificity
++ High High SensitivitSensitivityy (<10 (<10 cpcp//µµl)l)
++ CompetitiveCompetitive InternalInternal ControlControl
++ „„realreal““ QuantificationQuantification withwith prepre--diluteddiluted standardsstandards (4x)(4x) 

singlesingle useuse oror stabil stabil afterafter solutionsolution
++ MeltingMelting--CurveCurve--AnalysisAnalysis
++ „„ReadyReady--toto--useuse““ reagentsreagents
++ ((multimulti--targettarget AssayAssay))
++ availabilityavailability guaranteeguarantee
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