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Abstract

Pertussis incidence is rising in almost every country where acellular pertussis (aP) vaccines have been introducec
and is occurring across all age groups from infancy to adulthood. The key question is why? While several knowr
factors such as waning of immunity, detection bias due to more sensitive tests and higher awareness of the dist
among practitioners, and evolutionary shifts among B. pertussis all likely contribute, collectively, these do not
adequately explain the existing epidemiologic data, suggesting that additional factors also contribute. Key amor
these is recent data indicating that the immune responses induced by aP vaccines differ fundamentally from the
induced by the whole cell pertussis (wP) vaccines, and do not lead to mucosal immunity. If so, it appears likely 1
differences in how the two categories of vaccines work, may be pivotal to our overall understanding of the
DEftUSSiS resurgence.
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The 112-Year Odyssey of Pertussis and Pertussis
Vaccines—Mistakes Made and Implications for the Futu

James D. Cherry
Depanment of Pediatrics, David Geffen School of Medicine at UCLA

Effective diphtheria, tetanus toxoids, whole-cell pertussis (D TwP) vaccines became available in the 1930s, and they were

routine use in the United States in the 1940s. Their use reduced the average rate of reported pertussis cases from 157 in 10
the prevaccine era to <1 in 100 000 in the 1970s. Because of alleged reactions {encephalopathy and death), several countries
tinued (Sweden) or markedly decreased (United Kingdom, Germany, Japan) use of the vaccine. During the 20th century, B«
pertussis was studied extensively in animal model systems, and many “toxins” and protective antigens were described. A I
B pertussis research was Margaret Pittman of the National Institutes of Health/US Food and Drug Administration. She pub
articles suggesting that pertussis was a pertussis toxin (PT)-mediated disease. Dr Pittman's views led to the idea that less-rea«
acellular vaccines could be produced. The first diphtheria, tetanus, pertussis {(DTaP) vaccines were developed in Japan and

routine use there. Afterward, DTaP vaccines were developed in the Western world, and definitive efficacy trials were carrie
the 1990s. These vaccines were all less reactogenic than DTwP vaccines, and despite the fact that their efficacy was less tha:
DTwP vaccines, they were approved in the United States and many other countries. DTaP vaccines replaced DTwP vaccine
United States in 1997. In the last 13 years, major pertussis epidemics have occurred in the United States, and numerous stud
shown the deficiencies of DTaP vaccines, including the small number of antigens that the vaccines contain and the type of
immune response that they elicit. The type of cellular response a predominantly, T2 response results in less eflicacy and
duration of protection. Because of the small number of antigens (3-5 in DTaP vaccines vs >3000 in DTwP vaccines), linked-
suppression occurs. Because of linked-epitope suppression, all children who were primed by DTaP vaccines will be more sus
to pertussis throughout their lifetimes, and there is no easy way to decrease this increased lifetime susceptibility.

Keywords. cellular response; DTaP; DTwP; linked-epitope suppression.

Bo nocaegnure 13 roguHu, BO
Coenunerure JpxaBu ce
1ojaBvja TOJIEMHU €NUJIEMUU Ha
nepTycuc, a OpojHU CTyIUU
nmokakaa Hegocrarouu Ha DTaP
BAaKIIMHUTE, BKJIYYYBajKH 0 U
MAJINOT OPOj HA AHTUTEeHH LITO
" COAPKAT BAKIIMHUTE U
BHJIOT HA KJIE€TOYHUOT
UMYHOJIOIIKH OATOBOP IITO THE
ro npeausBukyBaar. [lopaau
cylnpecHuja Ha HOBP3aHUOT
CIUTOII, CUTE Jela KOU OnJjie
BakuuHUpanu co DTaP
BAKIIMHM - Ke Ouaar
MONMOIJIOKHHM HA MEPTYCHUC BO
TEKOT HA HUBHUOT KUBOT, U HE
MIOCTOU JIECEH Ha4YMH Ja Ce
HaMmaJii 0Baa 3roJieMEHa
J0’KUBOTHA MOJIJIOKHOCT.
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Asymptomatic transmission and the @
resurgence of Bordetella pertussis

Benjamin M. Althouse” and Samuel V. Scarpino

Abstract

Background: The recent increase in whooping cough incidence (primarily caused by Bordetella pertussis) presents a
challenge to both public health practitioners and scientists trying to understand the mechanisms behind its
resurgence. Three main hypctheses have been proposed to explain the resurgence: 1) waning of protective immunity
from vaccination or natural infection over time, 2) evolution of B. pertussis to escape protective immunity, and 3) low
vaccine coverage. Recent studies have suggested a fourth mechanism: asymptomatic transmission from individuals
vaccinated with the currently used acellular B. pertussis vaccines.

Methods: Using wavelet analyses of B. pertussis incidence in the United States (US) and United Kingdom (UK) and a
phylodynamic analysis of 36 clinical B. pertussis isolates from the US, we find evidence in support of asymptomatic
transmission of B. pertussis. Next, we examine the clinical, public health, and epidemiological conseguences of
asymptomatic B. pertussis transmission using a mathematical model.

Results: We find that: 1) the timing of changes in age-specific attack rates observed in the US and UK are consistent
with asymptomatic transmission; 2) the phylodynamic analysis of the US sequences indicates more genetic diversity
in the overall bacterial population than would be suggested by the observed number of infections, a pattern
expected with asymptomatic transmission; 3) asymptomatic infections can bias assessments of vaccine efficacy based
on observations of B. pertussis-free weeks; 4) asymptomatic transmission can account for the observed increase in B.
pertussis incidence; and 5) vaccinating individuals in close contact with infants tco young to receive the vaccine
("cocooning” unvaccinated children) may be ineffective.

Conclusions: Although a clear role for the previously suggested mechanisms still exists, asymptomatic transmission
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Acellular pertussis vaccination facilitates Bordetella parapertussis infection in a rodent model of
bordetellosis.
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Abstract

Despite over 30 years of population-wide vaccination, whooping cough incidence is on the rise. Although Bordetella pertussis is considered
the main causative agent of whooping cough in humans, Bordetella parapertussis infections are not uncommon. The widely used acellular
whooping cough vaccines (aP) are comprised solely of B. pertussis antigens that hold little or no efficacy against B. parapertussis. Here, we
ask how aP vaccination affects competitive interactions between Bordetella species within co-infected rodent hosts and thus the aP-driven
strength and direction of in-host selection. Ve show that aP vaccination helped clear B. pertussis but resulted in an approximately 40-fold
increase in B. parapertussis lung colony-forming units (CFUs). Such vaccine-mediated facilitation of B. parapertussis did not arise as a result
of competitive release; B. parapertussis CFUs were higher in aP-relative to sham-vaccinated hosts regardless of whether infections were
single or mixed. Further, we show that aP vaccination impedes host immunity against B. parapertussis-measured as reduced lung
inflammatory and neutrophil responses. Thus, we conclude that aP vaccination interferes with the optimal clearance of B. parapertussis and
enhances the performance of this pathogen. Our data raise the possibility that widespread aP vaccination can create hosts more susceptible
to B. parapertussis infection.

PMID: 20200027 PMCID: PMC2580100 DOl 10.109&/rspb.2010.0010

»IOKaxyBame gekKa all BakumMHaumjaTa
NMOMOrHa Aa ce ucumnctu B. pertussis, HO
pesynTupalle co NnpnbanKHo 40-KpaTHo
3rofiemyBatbe Ha eguHULUTe 3a
dopmuparbe Ha 6enogpobHU KonoHUM
(CFUs) B. parapertussis. TakBoTO
onecHyBake Ha B. parapertussis co
NOCPeACTBO Ha BaKUMHATA He HacTaHa
KaKo pe3ynTaT Ha KOHKYPEHTHaA
ocnoboaysatrbe; B. parapertussis CFUs
6ea NOBUCOKM Kaj aP-BO O4HOC Ha Na*KHO
BaKUMHUpPAHN AOMaKUHK, 6e3 orneq Ha
TOa A3aAnN NHOEKUMUTe ce eauHEYHN NN
MelaHn. NoHaTamy, MoKaxKyBame AeKa
aP BakuuHauujaTa ro nonpeyysa
MMYHUTETOT Ha AOMAaKMHOT NpoTus B.
parapertussis-mepeHO KaKo HamazieHU
6enogpobHU HGNAMATOPHU U
HeyTpoduaHU peakuuu. Taka,
3aK/lydyBaMme AeKa BakuMHaunjaTta co aP
ce MeLla Co ONTUMANIHUOT KANPEHC Ha B.
parapertussis u rm nogobpysa
nepdopMaHCMTE Ha OBOj NaTOreH.
Hawwnte nogatoum ja sronemyBaat
MOXHOCTa ZeKa LUMPOKO
pacnpocTpaHeTaTa BaKuMHauuja co aP
MOKe Aa co3aane A0MaKUHU
NonoA/I0XKHU Ha MHeKuuja co B.
parapertussis.
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Acellular pertussis vaccines protect against disease but fail to prevent infection and
transmission in a nonhuman primate model.
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Abstract

Pertussis is a highly contagious respiratory iliness caused by the bacteral pathogen Bordetella pertussis. Pertussis rates in the United States
have been rising and reached a 50-y high of 42,000 cases in 2012. Although pertussis resurgence is not completely understood, we
hypothesize that current acellular pertussis (aP) vaccines fail 1o prevent colonization and transmission. To test our hypothesis, infant baboons
were vaccinated at 2, 4, and 6 mo of age with aF or whole-cell pertussis (wP) vaccines and challenged with B. pertussis at 7 mo. Infection
was followed by quantifying colonization in nasopharyngeal washes and monitoring leukocytosis and symptoms. Baboons vaccinated with aP
were protected from severe pertussis-associated symptoms but not from colonization, did not clear the infection faster than naive animals,
and readily transmitted B. pertussis to unvaccinated contacts. Vaccination with wP induced a more rapid clearance compared with naive and
aP-vaccinated animals. By comparison, previously infected animals were not colonized upon secondary infection. Although all vaccinated
and previously infected animals had robust serum antibody responses, we found key differences in T-cell immunity. Previcusly infected
animals and wP-vaccinated animals possess strong B. pertussis-specific T helper 17 (Th17) memory and Th1 memory, whereas aP
vaccination induced a Th1/Th2 response instead. The observation that aP, which induces an immune response mismatched to that induced
by natural infection, fails to prevent colonization or transmission provides a plausible explanation for the resurgence of pertussis and
suggests that optimal control of pertussis will require the development of improved vaccines.

,Hab/byayBareT1o AeKa aP, Koj
npean3BUKYBA MMYHOOLWLKN
OAroBOp KOj He ce coBnara co
OHOj Npeau3BUKaH o4
npupoaHa MHdeKumja, He
ycneBa Aa cnpeyu
KONOHM3auUja Unum
npeHecysame - AaBa
BEpPOAOCTOjHO 0bjacHyBaHe 33
NOBTOPHOTO OXMBYBaH-€ Ha
NepTycuc n cyrepmpa geka
ONTUMANIHATA KOHTPOA Ha
nepTtycuc Ke bapa pa3Boj Ha
noaobpeHn BakUUHN®,
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Bbpojor Ha undekuuu co B. parapertussis
3a0enekaHu BO BUCKOHCHH BO TEKOT Ha
oktoMBpHu 2011-nexemBpu 2012 roguna (n =
443) e Hajrosiem npujaBeH Bo CoequHETUTE
HpxaBu. HabspynyBama Ha nH(ekuu co B.
parapertussis, BKIYYUTEJIHO U MelIaHa 1ojaBa Ha
nHdekuu co B. pertussis, B. parapertussis u B.
holmseii Bo Oxajo Bo TekoT Ha 2010-2010
rojuHa, 0ea rMpujaBeHN HEOJaMHA BO
Coenunerure JlpxaBu, BepojaTHO OpaIu
sronemeHara ynorpeba Ha PCR Tectupame 3a
OTKpHBame Ha B. parapertussis. U mokpaj
3rOJIEMEHOTO TECTUPAhE, TOBAPOT HA
uHpexurjara co B. parapertussis Bo
Coenunernte Jlp>xaBu € MPEIU3BHK /1a CE
H3MepH OUJIEJKU TECTUPAHETO MITO TH
pa3nukyBa BunoBute Bordetella He e
YHUBEP3ATHO.

OBoj mporieHT Ha npumepoI oa Bordetella
MO3UTHUBHU 32 B. parapertussis € ciimyueH Ha
MIPETXOIHUTE HaOJbYIyBamka BO BrckoHCHH
(xyntypa: 11,9%; PCR: 14,3% u BO apyru
npxasu (omcer: 10%—-14,9%), mro ykaxyBa
Aexa mHpekuujara co B. parapertussis e
engemMuuHa Bo CAJl u ke oune
uaeHTU(UKyBaHa KOra PyTUHCKH Ke ce
CIIPOBeJie TeCTHpame 3a B. parapertussis.
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