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�� PertussisPertussis oror whoopingwhooping coughcough hashas persistedpersisted andand resurgedresurged inin
thethe faceface ofof vaccinationvaccination andand hashas becomebecome oneone ofof thethe mostmost
prevalentprevalent vaccinevaccine--preventablepreventable diseasesdiseases inin WesternWestern countriescountries
withwith estimatedestimated infectioninfection frequenciesfrequencies ofof 11––99%% (Mooi(Mooi etet al,al,
20132013))

�� BordetellaBordetella pertussispertussis posesposes aa threatthreat toto infantsinfants thatthat havehave notnot�� BordetellaBordetella pertussispertussis posesposes aa threatthreat toto infantsinfants thatthat havehave notnot
beenbeen (completely)(completely) vaccinatedvaccinated andand forfor whomwhom pertussispertussis isis aa
severe,severe, lifelife--threatening,threatening, diseasedisease (de(de Greeff,Greeff, 20102010))



.

Pertusis Pertusis -- one of the leading causes of vaccine one of the leading causes of vaccine 
preventable deaths in the world todaypreventable deaths in the world today

WHO, 2013.WHO, 2013.

Estimated casesEstimated cases 16. 000. 00016. 000. 000

Estimated deathsEstimated deaths 8989. . 000000

Vaccine coverageVaccine coverage 8844%%



Argentina (Hozbor et al., 2009)

Canada (Skowronski et al., 2002; Ntezayabo et al., 2003)

USA (Yih et al., 2000; CDC, 2002a; CDC, 2003a; Tanaka et al., 2003)

Australia (McIntyre et al., 2002; Spokes and Gilmour, 2011)

Resurgence in Resurgence in countries with long vaccination countries with long vaccination 
history and high coveragehistory and high coverage

Australia (McIntyre et al., 2002; Spokes and Gilmour, 2011)

Netherland (de Melker et al., 2000)

Israel (Moerman et al., 2006)

Spain (Crespo et al., 2011)

Finland (Elomaa et al., 2005)

UK (Litt et al., 2009) etc.

??



� Better education and awareness about disease (He and Mertsola, 2008)

� Better diagnostic methods & improved reporting (He and Mertsola, 2008)

� Waning of adaptive immunity through time (Wendelboe et al, 2005)

� Adaptation to the vaccine induced immunity

Resurgence of pertussis Resurgence of pertussis ––possible reasons possible reasons 

� Adaptation to the vaccine induced immunity (He and Mertsola, 2008)

� WCVs induce longer lasting immunity than ACVs, the switch from
WCVs to ACVs may have aggravated the pertussis problem
(Gustafsson, 2006; Sheridan, 2012)

� Antigenic divergence of Ptx and Prn (He and Mertsola, 2008; Mooi et al,
2013)



�� BB.. pertussispertussis virulencevirulence factorfactor showshow polymorphismspolymorphisms

�� WideWide spreadspread antigenicantigenic divergencedivergence betweenbetween circulatingcirculating

isolatesisolates andand vaccinevaccine strainsstrains

Polimorphism of nucleotidesPolimorphism of nucleotides

�� AllelesAlleles changeschanges fromfrom vaccinevaccine toto nonnon--vaccinevaccine typestypes –– everyevery

1515--3030 yearsyears

Pertussis toxin Pertactin



�� 55 typestypes ofof PtxAPtxA::

PPtxAtxA11,, PtxPtxAA22,, PtxPtxAA44,, PtxAPtxA55 andand PtxPtxAA88 ((MooiMooi etet alal..,, 20201010))..

�� PredominantPredominant inin isolatesisolates –– PtxAPtxA11 andand PtxAPtxA22 (Mooi(Mooi etet alal..,,

Polimorphism of pertussis toxinPolimorphism of pertussis toxin

20132013))

�� MostMost vaccinesvaccines –– PtxAPtxA11,, PtxAPtxA22 andand PtxAPtxA44 (Litt(Litt etet alal..,, 20092009))

�� TohamaTohama (widely(widely useuse acelularacelular vaccinevaccine strain)strain) -- PPtxAtxA22



�� 1313 differentdifferent pertactinpertactin allelsallels

�� AllelesAlleles changeschanges fromfrom vaccinvaccinee toto nonnon--vaccinvaccinee typestypes ––

everyevery 1515--3030 yearsyears

PolimorphismPolimorphism of pertactinof pertactin

everyevery 1515--3030 yearsyears

�� PredominantPredominant inin isolatesisolates:: PrnPrn11,, PrnPrn22 andand PrnPrn33 (Mooi(Mooi etet alal..,,

20102010))

�� VaccineVaccine strainsstrains :: PrnPrn11,, PrnPrn77 andand PrnPrn1010 (Mooi(Mooi etet alal..,, 20102010))



Average pertussis incidence in 26 European countriesAverage pertussis incidence in 26 European countries

Kanitz E. ESCAIDE, 2011Kanitz E. ESCAIDE, 2011



Kanitz E. ESCAIDE, 2011Kanitz E. ESCAIDE, 2011

Pertussis incidence in  European countriesPertussis incidence in  European countries
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wPwP--containing:containing:

Inactivated whole Inactivated whole 
bacterial cellbacterial cell

Different strainsDifferent strains

aPaP--containing:containing:

PT ; PT & FHA; PT, PT ; PT & FHA; PT, 
FHA & PRN;  PT, FHA & PRN;  PT, 
FHA, PRN, Fim2 & FHA, PRN, Fim2 & 
Fim3Fim3

Vaccine typesVaccine types

Different strainsDifferent strains

Isolates as vaccine Isolates as vaccine 
strainsstrains

Both celular and Both celular and 
humoral immune humoral immune 
responseresponse

Th1 type & Th17Th1 type & Th17

Fim3Fim3

Tohama vaccine Tohama vaccine 
strainstrain

Humoral imune Humoral imune 
responseresponse

Th2 type & Th17Th2 type & Th17



Vaccine safetyVaccine safety

AlthoughAlthough locallocal andand systemicsystemic reactogenicityreactogenicity areare moremore

commonlycommonly associatedassociated withwith wPwP--containingcontaining vaccines,vaccines, bothboth

aPaP--containingcontaining andand wPwP--containingcontaining vaccinesvaccines havehave excellentexcellentaPaP--containingcontaining andand wPwP--containingcontaining vaccinesvaccines havehave excellentexcellent

safetysafety recordsrecords..

WHO, Weekly epidemiological record, No. 30, 25 july 2014



HiggsHiggs et al., 2012et al., 2012



Pertussis incidence in the Republic of Serbia Pertussis incidence in the Republic of Serbia 
19651965--20112011

Institute for Virology, Vaccine 
and Sera Torlak



Pertussis in SerbiaPertussis in Serbia

��Notifiable infectious Notifiable infectious 
diseasedisease

��DiagnosisDiagnosis -- culture culture 

Trends

Serbia
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��DiagnosisDiagnosis -- culture culture 
and serologyand serology

Europe 
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Pertussis vaccine in SerbiaPertussis vaccine in Serbia

�� VVaccinationaccination sincesince 19571957

�� CurrentCurrent vaccinevaccine compositioncomposition -- sincesince 19851985

�� FourFour vaccinevaccine strainsstrains::

••88//8484 (Fim(Fim22))••88//8484 (Fim(Fim22))

••17721772//5757 andand 20472047//5577 (Fim(Fim22,,33))

••2323//8181 (Fim(Fim33))

�� AcellularAcellular vaccinevaccine cancan bebe administredadministred inin privateprivate
practicepractice (last(last 1010 years)years)

�� AcellularAcellular vaccinevaccine inin thethe imunizationimunization calendarcalendar
fromfrom 20142014

Institute for Virology, Vaccine 
and Sera Torlak



In Serbia, for more than 50 years, In Serbia, for more than 50 years, 

vaccine strains have been changed vaccine strains have been changed 

regularly to coincide with isolates regularly to coincide with isolates 

Institute for Virology, Vaccine 
and Sera Torlak

regularly to coincide with isolates regularly to coincide with isolates 

circulating in the susceptible circulating in the susceptible 

population.population.



Study of antigenic divergenceStudy of antigenic divergence
of B. pertussis of B. pertussis in Serbiain Serbia

�� IdentificationIdentification ofof serotypesserotypes andand genotypesgenotypes ofof
BB.. pertussispertussis vaccinevaccine strainsstrains andand circulatingcirculating
isolatesisolates betweenbetween 19531953 andand 20112011..isolatesisolates betweenbetween 19531953 andand 20112011..

��ComparisionComparision withwith circulatingcirculating andand vaccinevaccine
strainsstrains inin otherother EuropeanEuropean countries,countries, USAUSA andand
AustraliaAustralia..



�� 44 vaccine strains:vaccine strains:

(2047/57, 1772/57(2047/57, 1772/57, , 23/81 and 8/8423/81 and 8/84))

�� 7777 clinical isolatesclinical isolates::

I.I. 1953 1953 tto o 19196060 (n=(n=2121))

II.II. 19196161 tto o 19197979 (n=(n=99))II.II. 19196161 tto o 19197979 (n=(n=99))

III.III. 19819800 tto o 19891989 (n=(n=3434))

IV.IV. 1990. t1990. to 2011 o 2011 (n=13(n=13))

Institute for Virology, Vaccine 
and Sera Torlak



�� SerotypingSerotyping –– monoclonalmonoclonal antibodiesantibodies againstagainst

FimFim22 andand FimFim33 byby slideslide agglutinationagglutination testtest**

��GGenotypingenotyping -- LightCyclerLightCycler PCRPCR && PFGEPFGE** ::

•• PtxPtx SS11 subsubunitunit((ptxAptxA))

•• PrnPrn•• PrnPrn

�� PFGEPFGE profprofilesiles –– pulsedpulsed--fieldfield gelgel electrophoresis*electrophoresis*

**Advani Advani et al., 2004, Mooi et al., et al., 2004, Mooi et al., 20002000

Institute for Virology, Vaccine 
and Sera Torlak



StrainStrain FimFim Prn Prn PtxAPtxA IsolatedIsolated Added in Added in 

vaccinevaccine

1772/571772/57 2,32,3 11 22 19571957 1972 1972 

2047/57 2047/57 2,32,3 11 22 19519577 19681968

Vaccine strainsVaccine strains

2047/57 2047/57 2,32,3 11 22 19519577 19681968

23/81 23/81 33 11 11 19811981 1985 1985 

8/848/84 22 22 11 19841984 1985 1985 
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B. pertussisB. pertussis serotypesserotypes
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ptxAptxA genotypesgenotypes
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Pertactin genotypesPertactin genotypes



SummarySummary

Isolation Isolation 

periodperiod

No. of No. of 

iisolatessolates

ptxAptxA prn prn serotserotypeype

ptxA1ptxA1 ptxA2ptxA2 prn1prn1 prn2 prn2 prn3 prn3 prn prn 1111 Fim2Fim2 Fim2,3Fim2,3 Fim3Fim3

1953.1953.--1960.1960. 2121 00 2121 2121 00 00 00 88 1313 00

Institute for Virology, Vaccine 
and Sera Torlak

1961.1961.--1979.1979. 99 44 55 99 00 00 00 00 66 33

1980.1980.--1989.1989. 3434 3131 33 2727 11 33 33 2222 00 1212

1990.1990.--2011.2011. 1313 1010 33 44 55 11 33 77 33 33

SummSumm 7777 4545 3232 6161 66 44 66 3737 2222 1818



VVaaccineccine strainsstrains Circulating strainsCirculating strains

SSerbiaerbia*1*1 EEuropeurope*2*2 SSerbiaerbia*1*1 EEuropeurope*2*2

prnprn pprn1rn1 andand prn2prn2 prn1prn1 or or prn7prn7 prn1, prn11prn1, prn11 prn2prn2,, prn3prn3

Institute for Virology, Vaccine 
and Sera Torlak

**22Mooi et al., 2013
Mooi et al., 2010
He et al., 2009
Litt et al., 2009
Elomaa et al., 2005.

**11Dakic et al., 2010.
Pljesa et al., 2014 .

prnprn pprn1rn1 andand prn2prn2 prn1prn1 or or prn7prn7 prn1, prn11prn1, prn11 prn2prn2,, prn3prn3

ptxAptxA
ptxA1ptxA1 and and 

ptxA2ptxA2
ptxA2 ptxA2 or or 

ptxA4ptxA4
ptxA1ptxA1 ptxA1ptxA1



�� Vaccine strains in Serbia Vaccine strains in Serbia -- 44 different PFGE profilesdifferent PFGE profiles

PFGE profiles of vaccine strainsPFGE profiles of vaccine strains

PFGE
profile   Strain       Group

Institute for Virology, Vaccine 
and Sera Torlak



DendDendrrogramogram of of B. B. 
pertussis pertussis strainsstrains

�� Isolates Isolates -- 22 different 22 different 
PFGE profilesPFGE profiles

��43% 43% -- unique unique 

SerbianSerbian profiles profiles 
((BpSBRBpSBR))

PFGE Strain Year of

isolation

Institute for Virology, Vaccine 
and Sera Torlak

((BpSBRBpSBR))



PFGE profiles of PFGE profiles of B. pertussis B. pertussis strainsstrains

� Change in PFGE profiles was observed over time

� 5 common profiles - 2/3 of isolates (BpSR23, BpFINR1,  BpFINR9, 

BpSBR6 and BpSBR5)

� All PFGE profiles, observed in 1950s disappeared since then

Institute for Virology, Vaccine 
and Sera Torlak

(except BpSR23)

� The profile BpSR23 was found in all the study periods

� 95% of isolates belonged to two clusters, having a high similarity 

with a minimum of 78% overall relatedness



�� VaccineVaccine strainsstrains –– allall 33 serotypesserotypes (Fim(Fim22,, FimFim33 &&
FimFim22..33))

�� AfterAfter thethe introductionintroduction ofof vaccinationvaccination –– thethe
frequencyfrequency ofof serotypeserotype FimFim22..33 decreaseddecreased

�� FimFim22 hashas beenbeen thethe mostmost prevalentprevalent serotypeserotype duringduring

Serbia vs. Serbia vs. other countriesother countries
--SerotypingSerotyping--

Institute for Virology, Vaccine 
and Sera Torlak

�� FimFim22 hashas beenbeen thethe mostmost prevalentprevalent serotypeserotype duringduring
thethe studystudy periodperiod..

�� InIn mostmost otherother countriescountries -- FimFim22 predominatepredominate inin
unvaccinatedunvaccinated populationpopulation && displaceddisplaced byby FimFim33
strainsstrains whenwhen vaccinationvaccination isis introducedintroduced ((HallanderHallander
etet al,al, 20052005))



�� 33 vaccinevaccine strainsstrains ((20472047//5757,, 17721772//5757 && 2323//8181)) -- prnprn11 andand 11
vaccinevaccine strainstrain ((88//8484)) -- prnprn22

�� IsolatesIsolates -- prnprn11,, prnprn22,, prnprn33 ii prnprn1111

�� FrequencyFrequency ofof prnprn22 genotgenotypeype –– veryvery lowlow andand appearanceappearance
werewere latelate (compared(compared toto otherother countries)countries)

�� DominantDominant –– prnprn11 andand prnprn1111

Serbia vs. Serbia vs. other countriesother countries
--Prn genotypingPrn genotyping--

Institute for Virology, Vaccine 
and Sera Torlak

�� DominantDominant –– prnprn11 andand prnprn1111

�� TheThe prnprn22 isis byby farfar thethe mostmost prevalentprevalent typetype inin modernmodern isolatesisolates
((AdvaniAdvani etet alal..,, 20042004;; ElomaaElomaa etet alal..,, 20052005;; HeikkinenHeikkinen etet alal..,,
20082008;; MooiMooi etet alal..,, 20132013))

�� TheThe prnprn1111 -- onlyonly inin AustraliaAustralia andand China,China, inin 19801980ss ((ByrneByrne etet
alal..,, 20062006;; ZhangZhang etet alal..,, 20102010))



��TheThe lowlow frequencyfrequency ofof prnprn22 strainsstrains andand
theirtheir relativelyrelatively latelate emergenceemergence inin
SerbiaSerbia maymay bebe duedue toto thethe factfact thatthat thethe
vaccinevaccine containscontains anan isolateisolate havinghaving

Serbia vs. Serbia vs. other countriesother countries
--Prn genotypingPrn genotyping--

Institute for Virology, Vaccine 
and Sera Torlak

vaccinevaccine containscontains anan isolateisolate havinghaving
prnprn22 alleleallele (introduced(introduced inin vaccinevaccine
compositioncomposition 19851985)) !!



�� 22 vaccinevaccine strainsstrains ((20472047//5757 && 17721772//5757)) -- ptxAptxA22,, 22 vaccinevaccine
strainsstrains ((2323//8181 && 88//8484)) -- ptxAptxA11..

�� AA shiftshift fromfrom ptxAptxA22 toto ptxAptxA11 hashas beenbeen observedobserved inin isolatesisolates
sincesince thethe latelate 19601960ss

�� ptxAptxA11 genotgenotypeype predominantpredominant inin 19801980--19891989..

�� TheThe rere--appearanceappearance ofof isolatesisolates containingcontaining ptxAptxA22 waswas noticednoticed

Serbia vs. Serbia vs. other countriesother countries
--PtxA genotypingPtxA genotyping--

Institute for Virology, Vaccine 
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�� TheThe rere--appearanceappearance ofof isolatesisolates containingcontaining ptxAptxA22 waswas noticednoticed
afterafter thethe twotwo strainsstrains harboringharboring ptxAptxA11 werewere addedadded intointo thethe
vaccinevaccine inin 19851985..

�� TheThe highhigh frequencyfrequency ofof strainsstrains harboringharboring ptxAptxA22 inin 19901990--20112011
waswas notnot comparablecomparable toto thatthat noticednoticed inin manymany otherother countriescountries
((ElomaaElomaa etet alal..,, 20052005;;CassidayCassiday etet alal..,, 20002000;; WeberWeber etet alal..,, 20012001))



�� SpecificSpecific populationpopulation ofof circulatingcirculating BB.. pertussispertussis strainsstrains inin
SerbiaSerbia

�� TThehe profileprofile BpSRBpSR2323,, representingrepresenting 3030%% ofof isolatesisolates
studiedstudied,, persistedpersisted inin thethe wholewhole studystudy periodperiod

�� OnlyOnly oneone strainstrain (isolated(isolated inin 20002000)) waswas BpSRBpSR1111

Serbia vs. Serbia vs. other countriesother countries
--PFGE analysisPFGE analysis--

Institute for Virology, Vaccine 
and Sera Torlak

�� 4343%% ofof isolatesisolates studiedstudied showedshowed uniqueunique BpSBRBpSBR profileprofiless

�� BpSRBpSR2323 waswas prevalentprevalent inin FinlandFinland andand SwedenSweden inin 19701970ss butbut
notnot afterafter 19901990ss (Elomaa(Elomaa etet alal..,, 20052005;; PoyntenPoynten etet alal..,, 20042004))

�� BpSRBpSR1111 waswas foundfound toto bebe predominantpredominant inin sixsix ofof thethe eighteight
EuropeanEuropean countriescountries (Hallander(Hallander etet alal..,, 20072007))



��AccordingAccording toto thethe observedobserved findingsfindings,,
thethe BB.. pertussispertussis populationpopulation inin SerbiaSerbia
isis differentdifferent fromfrom otherother vaccinatedvaccinated
populations,populations, andand thisthis differencedifference maymay
bebe relatedrelated toto thethe vaccinevaccine composition,composition,
thatthat hadhad formulationformulation ofof inclusioninclusion ofof

Institute for Virology, Vaccine 
and Sera Torlak

thatthat hadhad formulationformulation ofof inclusioninclusion ofof
“contemporary”“contemporary” strainsstrains fromfrom
populationpopulation..



ItIt hashas beenbeen shownshown thatthat::

�� variationvariation inin PrnPrn affectsaffects vaccinevaccine efficacyefficacy inin thethe mousemouse modelmodel

(King(King etet alal..,, 20012001))

�� thethe adequateadequate bacterialbacterial eliminationelimination ratesrates werewere observedobserved inin micemice

Institute for Virology, Vaccine 
and Sera Torlak

�� thethe adequateadequate bacterialbacterial eliminationelimination ratesrates werewere observedobserved inin micemice

immunizedimmunized andand challengedchallenged withwith thethe samesame vaccinevaccine typetype strainstrain

((BotteroBottero etet alal..,, 20072007))

�� thethe vaccinevaccine preparedprepared fromfrom aa recentrecent isolateisolate providedprovided thethe highesthighest

mousemouse protectionprotection whenwhen comparedcompared toto thosethose preparedprepared fromfrom thethe oldold

isolatesisolates suchsuch asas thethe strainstrain TohamaTohama II (Pereira(Pereira etet alal..,, 20052005))..



�� IncreasingIncreasing evidenceevidence thatthat thethe currentlycurrently availableavailable acellularacellular

pertussispertussis vaccinesvaccines areare notnot providingproviding optimaloptimal controlcontrol ofof pertussispertussis

inin thethe UnitedUnited StatesStates andand manymany otherother countriescountries hashas stimulatedstimulated

interestinterest inin improvementsimprovements ofof thethe currentcurrent vaccinesvaccines andand inin thethe

developmentdevelopment ofof newnew vaccinesvaccines

Institute for Virology, Vaccine 
and Sera Torlak

�� AA betterbetter understandingunderstanding ofof thethe limitationslimitations ofof thethe currentcurrent vaccinesvaccines

andand thethe basisbasis forfor thethe pertussispertussis resurgenceresurgence isis neededneeded toto designdesign

improvedimproved vaccinesvaccines

MeadeMeade etet al,al, 20142014..



ModificationModification ofof antigensantigens inin currentcurrent vaccinesvaccines::

�� PossiblePossible modificationsmodifications ofof thethe currentcurrent vaccinesvaccines whilewhile

maintainingmaintaining thethe samesame antigenicantigenic compositioncomposition includeinclude

changingchanging ofof thethe individualindividual antigensantigens toto matchmatch

Institute for Virology, Vaccine 
and Sera Torlak

changingchanging ofof thethe individualindividual antigensantigens toto matchmatch

antigensantigens ofof currentlycurrently circulatingcirculating stainsstains ofof BB.. pertussispertussis..

MeadeMeade etet al,al, 20142014..
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