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Objectives

At the conclusion of this presentation, the participant
will:

« understand the changing epidemiology of pertussis

I da and abroad:; »
* recognizeithe clini Sel
with option preventior

 be prepared t
pertussis.

tion and be familiar

—
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Outline“

e Do adolescents and adults
get pertussis?
9 .

._.-q; Ll

—What can ‘be'done about if?




From seroepidemiology studies...

 frequent infections in UCLA health care
workers; 30-40% with evidence of
Infection/yr. (Deville, Clin Infect Dis 1995)

* rate 0f 6.1% per year in Cleveland
e . & g
adolescents (Cromer, AJBC 1993)
e high antibody:titers against
antigens in both Gesman and American
young adults (Cherry, Clin Infect Dis 1995) and
Italian adults (Rota, Clin Infect Dis 1998)
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From Institutional outbrea

 Wisconsin Nursing Home: 36% of residents and
[.7% of staff

e Wisconsin home for developmentally disabled:
149 ac escents and adu}ts.:~(6-9% of affected

wards) -
oSltahiages 825 years:

e In Japan, rehabrhtatlon ho
82% with evi ction—"

— =

———



From studies of adult cough |

Australia: 25.7% of adults referred for persistent cough
(Robertson, Med J Aust 1987)

Chicago: 26% of adults presenting to an ambulatory
clinic with unexplained cough (Rosenthal, J Infect Dis 1995)

Nashville: 21% of adults presenting to an emergency
departm right, JAMA 199

LA: 26% of college students with cough (Mink, CID 1992). .+
In US Marine Recruitsi 6-17% hi 1655 greater"’”i

than 1 week (Jansen, Cli Dis 1997)

San Francisco;-12% of adults presenting to Kaiser
Permanente with cough >2 weeks (Nennig, JAMA 1996)




A network* of 9 health units in 8 provinces, representlng 10% of Canada’s
total population, mandated to conduct targeted research and surveillance
to address public health issues.

SENTINEL HEALTH UNIT
SURVEILLANCE SYSTEM:

Participating Sites

Ay
Er fice Edward Island

7 alifax

Kingston

*Funded and coordinated by Laboratory Centre for Disease Control, Health Canada.

Senzilet Clin Infect Dis 2001



LABORATORY I

ADULTS AND ADOLESCENTS* (n=473)

Positives | Prevalence Rate Age range
/n (Conf. Limits) (Mean age)
A) Culture 21471 0.4% 12 yrs; 24 yrs.
(0.1, 1.7%) (18.4 yrs)
B) PCR 3/338 0.9% 12 - 37 yrs.
(0.2, 2.8%) (24 yrs)
C) 4-fold inerease 71473 1.5% 12 — 70 yrs.
R (0.6, 3.2) (28.1 yrs)
D) > 99.99 36/473 | - 7.6% 14 - 69 yrs.
of GMTC . ﬂ .5, 10.5) (36.6 yrs.)
E)> 3 SDof GMTC 1473 U e :H-‘-’
. (15.6 YISy |
F) A + /or B + /or . - - ©12 - 70 yrs. }
C+ /or D - ), 12.4) (35.3 yrs.)
G) A+ /orB+ /or 94/473 19.9% 12 — 87 yrs.
C+ /or E — (16.4, 23.8) (37.8 yrs.)




From disease surveltllan

e Trends in the US and
Canada have indicated 100%
that as pertussis Is 80%-
|n pre- 60%;
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Pertussis Incidence Rates,

-1999.
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Pertussis Cases and Incidence

Canada, 1990-99.
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Reported Rate of Pertuss'l
Adolescents in Canada, 1986-1998

10-14 years

es 100,000

~ All A:g'esﬂ;

Rat

15-19 years

Source: NDRS
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Age-Specific Pertussis Incidence Rates,
Canada, 1990-99.

e total
250 <1 rates

1to4
200 5to9
= 10t014
e ] 51019
8 — 20to24
100 — 25t029 |
30t039
50 40to59
>60

Cases/100,000

1990 1991 "1992 1993 1994 1995 1996 1997 1998 1999
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Cases
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Capital Health"

British Columbia, 2000

Population 334,000

"
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~ |E<10010to 20 m>20

Dr. Danuta Skowronski
BC Center for Disease Control



Three Peak Pertussis Years in BC

Incidence per 100,000

<11 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21+

Age Category

Dr. Danuta Skowronski

BC Center for Disease Control
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Pertussis in BC: A'ge Profile

40+
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30-
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e 46 0 1996
W |1 2000 |
<1 1-3- _4-6 7- 14+-15-19 >20
— Age Category

Dr. Danuta Skowronski

BC Center for Disease Control



How frequent Is 5 rtussi
adolescents and adults?

e We still don’t know.

— It occurs
— It IS under-rggggmged

— it '-[epQrtM- |

» Prospective pepulation-basec
— 3.7-4.5 cases/1000 person years = -
e Ward et al, APERT study -

-
—

ors




Outline“

e Do adolescents and adults
get pertussis?

—What can be done about |t’>



Clinical and Laboratory Cc

Stage
Inc | Catarr Paroxysmal Convalesc
Clinical None Common: Coughing Gradual
picture cold paroxysms decrease In
followed by frequency and
severity of

Culture R

Lympho- —

cytosis

coughing
episodes

2

3

4 S 6

Weeks after exposure






Pertussis in AdolW’

The disease

Wide spectrum of ilIness

— mild respiratory infection, “bronchitis”

— typical pertussis

— severe disease (cough syncope, seizures)

tign of cases by:severity not known

because of preblems in diagnosis

— Adolescents a }a Its less likely
cultures | ———

— serological diagnosis not well standardized

———

m




Trollfors and Rabio BM] 1981
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Adult Pertussis: German

* Household contact study; members of
household where child was immunized

e 15% of Iindex cases were adults

— cough with vomltlng - — 42%
— Whoops 8%

Postels-Multani et al Infection 1995
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Complications of Pertussis

e 79 adults: 18 (23%) with complications

— otitis media 4
— transient urinary incontinence 3
— pnreumonia 2
— pneumonia/hosp 1

— painful cervical
— aspiration
— inquinal hernia, hearing loss—
— rib fracture, severe weight loss 1 each

adenop



Adult Pertussis: Germany again

e Household contacts of another vaccine trial
e 64 adults with laboratory evidence of

pertussis (mQ§I_,§er9Iogical)
-symp R s |
—parbxysms
—vomiting ___1
—durationi 4 weeks

T

Schmitt-Grohe et al. Clin Infect Dis 1995



Pertussis in Adults: Canada ( USS)% |

o /7 adults with laboratory confirmed
pertussis

* Symptoms:

- violent cough
—whoop "%

— vomiting %
— cough duration =

9o

-
e

Senzilet et al. Clinical Infectious Disease 2001



Morbidity of Pertussis in
Adolescents and Adults In Quebec
Percent Reporting Complication
12-17 30-39 >50
n=53
9 .

pneumonia

. —
urinary | —_
incontinence -

—
T

De Serres, | Infect Dis, 2000



What does pertu?ss'ifS' [0]0]¢
adolescents and adults?

e The under-diagnosis of pertussis limits our
understanding of the true clinical range of

the di
se rangeMymptomatlc to severe

— the distributi nof Cases rity remains
unclear % __ ; —




Outlinef

e Do adolescents and adults
get pertussis?

—What can be done about |t’>



Transmission of Pertussi

Adolescents get pertussis from community and
household contacts

Adults get pertussis from their school age
children

The disease ranges f; ) asymptomatic to severe
Adultand adelescent parents give pertussisto .
their young infants. b St o

The young inf eathigh risk of morbidity
and even mortality S







Clinical features of
Infant pertussis

108 Infants <6 months of age with pertussis

e Rhinorrhea 43%

» Cou - 100%

e \Whoop .- ' -
+ Apnea = W89%

e Cyanosis—= 69%

Gordon PID] 1994



Complications of Pertuss

e Pulmonary
— Pneumonia
— Atelectasis

» Hernia ~
— Inguinal
— Umbilical

* Neurological
9.4% — Seizures 1.9%

3.0% — Encephalopathy 0.3%
bﬁ-ﬁt .

1 -_

&

0 40
04%

g,

ght Loss 1.3%

E LT .‘TL#- .: - .—'—-— '.-;' %
- 04% -Sbeath. O 8%"’”

-

—

IMPACT data, 1991-1997. 1013 hospitalized cases <2 years old
Halperin et al. Clin Infect Dis 1999



Pertussis Hospitalizations
Duration of Intensive Care

100 7

807

Percent

N
)

(@))
o

B <6 months
® >6 months
Total

0 1-7.8-1415-2122-28 >29
DEVS

Intensive care was required
by 18.9% of children <6
mo and 5.16% >6 mo
(P<.0001)

Mean 9.4 days

9.8 days in children <6 mo
4.6 days in children >6 mo

Ventllator support required
| i .rep.@é"ée-) =
>7 days

~reported by 1.4%

Halperin and IMPACT, Clin Infect Dis, 2000



From whom do
get pertussis?

* Wisconsin Outbreak (1987)

— Transmission of infection from adult relatives or
babysitters was demonstrated in 6 of 8 primary cases
In Infants (< 6 mo of age)

Biellink et al. JID 1988

pertussis
» 0dds ratio

Izurieta etal. Clin Infect Dis 1996

—
-



Outline .

e Do adolescents and adults get
pertussis? \{

N~ |
=>What can be dOn 2Dbout It
=>» Treatment/Chemoprophylaxis
> Prevention



Treatment of Pertussis
Current Guidelines: United States

e Erythromycin: 40-50 mg/kg/day (maximum
2 gm) for 14 days

— Preference for erythromycin estolate
~ Céw;newewﬁhdes (AAP)

— Cotrimoxazele if erythr erated

-
(efficacy not ished) SRS =5 J""
— Should begin“withqm eks of onset of

symptoms (CDC)
American Academy of Pediatrics, 2000 Redbook
Centers for Disease Control, Guidelines for the Control of

Pertussis Outbreaks, 1999




Past Guidelines: Canada

e Erythromycin: 40-50 mg/kg/day
(maximum 1 gm) for 10 days
— Pr ference for erythromycm estolate

National A y Committee on Immunization
.. Advisory Committee on Epidemiology
Canadian Paediatric Society
CCDR 1994;20(22):193-199



Current Guidelines: Canada

e Erythromycin: 40-50 mg/kg/day
(maximum 1 gm) for 7 days

- Preference for erythromycin estolate
. AW or glw;wcm acceptable
. Cotrimoxazele if erythr ‘not tolerated

(efficacy not'e Ilshed) ““""‘:“"ﬁ

- Should begin wit /el snf‘bnset of
symptoms

National Consensus Conference on Pertussis
May 2002



Antibiotic Therapy of Pertussis

« Antibiotics eradicate Bordetella pertussis
from the nasopharynx

* No effect of antibiotics on clinical
symptoms or course unless given in the
cat%xearly p_ggxy.smal phase

e Treatmenths therefore ntrol of

spread of m@gn than index

CaSeE

e |nvitro susceptlbllltles do not predict
In vivo efficacy




Treatment Duration: Review

e 1960s-19/0s
— Pertussis treated for 5-14 days; eradication in 2-5 days

« Series of editorials/reviews (‘80, ‘83, ‘85, ‘86)

tlon relapse only if therapy <14 days
1 %&tﬂjﬁy vxlth single failure

ith1d -~
mend 14 —

days of therap:
days ‘



Duration of Erythromyc

e Randomized controlled trial
e Single center
on-blinded

o. Ver :ﬁmraw

. Bactenglcal outc
— End oftherdyee -

—

— One week post therapy

"'l—

Halperln, Bortolussi, Langley et al. J Pediatrics 1997



Efficacy of Erythro nyc
Comparison of 7 and 14 Days Therapy

Rate
Difference

Treatment Group Sample No (% % (95% CI) Significance

Persistence

7 day 69 1(1.45) 0.2 (-7.7-10.4) 0.98
. . — N o)
14 day, | &;t__,.:. 1(1.19)
Relapse »—

7 day
14 day q ,0(0)

Overall Failure = = J_ '
7 day 74~ 2(2.70) 1.64(-6.0-11.7) 0.74
14 day =04 1 (1.06)
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Antibiotic-
Adverse Events

07 day
M 14 day

,Il-

. .... — .". —_—
I __ =

nausea vomiting chanhea any G

-

other any
event

-
—

Adverse Events



Duration of Therapy
Summary and Conclusions

o 7 days of erythromycin estolate is as effective
as 14 days for the treatment of pertussis

e antibiotic-assoclated adverse events were less

common with a 7 day c?qrse of therapy
e NOTi ment in compliance was
demonstr under stuaﬁiﬂ'tionsi m—

-



Macrolides
Comparison of Attributes A

Attribute Erythro  Clarithro Azithro

tissu etration  ++ S+

intracellula

gi side effects =

T . N
Cross resistance -

L ++
S g

—
—

.



= | I#-. | - | b,
Clarithromycin
e 153 subjects; 1 mo — 16 years

* Randomized, single blinded, two centre

— erythromycin estolate (40 mg/kg/day divided TID) for
14 days

— C arlthromycm (15 mg/kg/day divided BID) for 7

e 35 clarithromyein:
o 27 erythromycin -
— 4 subjects ellmlnated from the per protocol analysis

because-ef other treatment or lack of follow up
cultures

Lebel and Mehra, PIDJ 2001



Male (%)
Ag@j "!-h N ."l"w'

Baseline

fffff
kS

.;ﬂ"__ '

-
History of asth h %)

Vace-nsaied (%) ﬁ

Hospitalizatien (%)

21

Lebel and Mehra, PIDJ 2001



Signs at enrollment

Paroxy smal cough (%) 93 92

Cough" v fr
*""'"!n-e

Whoop (%) ‘
Cyanosis (%)

Apnea (%) —~ . 4 9

- ;
e,
y

Lebel and Mehra, PIDJ 2001



All 01.,,“1 ents, n (¢ ' 34 (45) 48 (62)*

e -,
- — =
[

Drug relate
adverse events

ﬂ
Gl adverse eve H

24 (.

Otl_tls;g_]‘@djaﬁ

Comp-liance__(g/o goges)

985 | 88.6%

Lebel and Mehra, PIDJ 2001

* P<0.05 ** p<0.001

3=
- -

e ‘,:FE | -
..-__=-|"_.|—_"'i'r'ﬂtr=.:" -
- E— =

JCCEE

£



At enrollment culture + | 35 (46) 27 (35)
End of treatment
- eulture done _ 23
. uhL-.O E"’*"._i "“'**_ 2.
Eradication rate N % g
per protocol i ; ol
— 5 7 1 295)
Cintenttotreat™  |31/35  —  |24/27
- (89:73.3-96.8) |(8970.8-97.6)

Lebel and Mehra, PIDJ 2001



Conclusions

7 days of clarithromycin and 14 days of
erythromycin were equally effective for the
treatment of pertussis In chlldren

-

r

with erythromycm |

""I-



Azithromycin
* 6 mo — 16 years

* Randomized, multicentered

— erythromycin estolate (40 mg/kg/day divided
TID) for 10 days

ithromycin (10 mg/kg/day once daily for one
-then 5 mg/kg/day fprxfour days)

— 114 subjectS eulture posi | ine
+ 58 azithromyeini | - '
+« 56 erythrom -

» 3 subjects eliminated from the per protocol analysis
because of pharmacy error (placebo 2) or withdrawal
by parent and no follow up data

Halperin, Langley, Boucher, Smith and PICNIC 2002



Baseline

Age in mo (range) 8
s el 0O

Vaccines (mez

T
—

g

o




Symptoms at enrollment

Cough with |

vomiting (%) =3
Whoop (%)
Apnea/cyanosT; “150 48 30 30
(%)




Drug relate

adverse events

Adverse Event Culture Positive | Culture Negative

N=111 N=358

Azithro | Erythro | Azithro | Erythro

n=56 n=55 n=179 [n=179
ANy % 16 (29) 1|36 (66) |51 (29) |88 (49)*
Any GI *“1\11 (20) H3"'(49) 33 (18) |71 (40)"
Nausea 2(4). 8(1“312 =
\Vomiting *?F(‘W) 19(5) |29 (16)*
Diarrhea -~ 14(7) 7 (13) 14 (8) |23 (13)
Abdominal pain “[5(9) |21(38)* |13(7) |36 (20)*

"p<0.05 * p<0.01 *p<0.001

8\



At enrollment culture + |56 (24%) 55 (24%)

End of treatment
uIture done 53 53
!u.ﬁ_ IOO TIVE ,,;*' e . | O

1..,

Eradication rz %) | 53/53 (100%)
Post treatment i v —
. B o . = e
~ culture done - 2 .
culture positive |0 p—

Recurrence rate 0 (0%) 0 (0%)




"‘F_,{;
Conclusions

» 5 days of azithromycin and 10 days of
erythromycin were equally effective for
the treatment of pertussis in children

+ Azithremycin wa ‘QL tolerated than
eryt%ﬁ;;\ 5’%}’ >

» Compliancesbetter WI'[ i —="==
than with e




Cost Compérisdn

Erythromycin | $16.69 $13.96
7 day
Erytheomycin
10days
Clarithromyciﬁ.'.19_. 472
7days o~ oIS
Azi"throm)g&in “1$30.16 1$45.19

5 days

. |$15.86

‘.-u

q
) N
»

Cost to patient, Lawton’s Drugs, May 2002



Pertussis Preve :
Chemoprophylaxis

e US Recommendations

* Recommended for household and daycare
CM,‘ 00k (G
regardless-of i ——




f"'

Chemoprophylakls

e Canadian Guidelines
— Household contacts (including attendees at

family day care centres) where there Is a

vulnerable person 4 it <1 year of age or a

pregnantyoman in 'd trimester) =
— Out of household contact e
individuals Jhad face ce exposure

and/or have shared confined air for >1 hour

""‘l-




ChemoprophyIexiSis

Efficacy data

* Anecdotal reports of successes (1955, 1969,
1975, 1977) and failures (1980, 1983)

e Two small, poorly controlled studies (Grob,

1981%\5%13\/, 1981) showed no benefit
- : | “-{‘ﬁ# 5, Ng
* Epidemiologte.evidence "

il
institutional or community aks; ie,
lower rate of secon Infections In

Individuals-treated than those not treated or
treatment delayed




Effectiveness of Chemoprop yIaX|s

* Retrospective cohort study
o 246 families in Quebec

o Attack rate
% without prophyIaX|s

ith prophym

* When pro ‘ _IaX|s sta se%of—f,.f
a seconda »the secol “attack rate
was 4% with prophylaxis‘compared with

35% if started after a secondary case

DeSerres et al: Ped Infect Dis J 1995:14:969-75



Erythromycin EStola .
Chemoprophylaxis of Household
Contacts of Pertussis

e Randomized, placebo controlled
C .'nlcal trial

L i

10 days of-e
therapy
. 40 mg/kg/day, maximum 1 gram



Efflc:a(:yr O -
Erythromycin ChemoprophyIaX|s

 All households secondary cases
. Erythromycin households: 4 (6.6%)

- Placebo households: 15 (20.3%)
“ 67.5% (P=.026)

oy A
T [
] -
: T
- L=
- e
S} F 5

* No effect of dufation of theraby of index case




Percent

39]
3071
ASY
207
15
10°

Efficacy of Erythre
Chemoprophylaxis

B Erythro

R Placebo

Culture PC>2W C>2w+

Total.Secondary Post-Prophylaxis
Attack Rate Secondary Attack Rate



o

Erythromycin Chet

* y .
moprophylaxis

 Effective In prevention of culture-
positive pertussis

- Does not appear to have effect on
“development o ptoms or |

antibody respons

 Clinical effect may require earlier
Implementation
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Adult Formulation Acelli
Pertussis VVaccines

e TdaP Vaccines

— Boostrix (GlaxoSmithKline)

« 1/3 PT/FHA/PRN
Td #::’ 4 __ 3

tis Pasteur), .

e 1/4 PT, saméiFH4

« Adult Td

T
! [



Aventis Pasteur

pertussis toxoid (PT)
filamentous hemagglutinin (FHA)
Fimbriage 2 + 3 (FIM)

Diphtheria toxoid (@)us.
aluminum phosphate
2-phenoxyethanol




Results: Demographics an
Baseline Characteristics

o 149-151 participants per study group

- Td
= ah«-ﬂ.- el
 lots) w
. 68% femal
» mean age 33.7 years —

- o

. range __3:2.0-54.7 years
. 12.3% adolescents

— g



Local Adverse Events :

100

>

Percent

-

'-.-..,“_“

(@)

\ ol
".‘__‘-
S

«|BTd OcP

Halperin Vaccine 2000



Eda
| ocal Adverse Events

BTd OcP BTdcP

Ewthéﬁa ell-in~g | Pain

T

Significant Local Adverse Event



Percent

457
40
854
30+
25"
207
Jiox
fi0s

“Headache

‘l—."""_ - r
3 /]

B Td O cP W TdcP

ot =
ol

N odyéé'hé' Energy

Halperin Vaccine 2000



Percent

Systemic Adverse Events

Fever
"ﬁ!.. .

" Headache Bac_iy'ache Energy

B Td OcP B TdcP

Significant Systemic Event



Antibody
F

Dip HA . PRN
GMT GMT GMT %
3501 B
300 .Cd
i 950 TacP
Ry _
C - 200
P 1501
1001
50
Pre Pos a
GMT T‘e{""
1 . Td e
Bl TdcP "

Pre Post Pre Post

Pre Post



Comparison of antibody respon
and Canadian adolescents, 12-17 years of age and
adults, 18-54 years of age, to acellular pertussis vaccine

GMT BJ/ml after indicated vacaine
2.4 6 Mo TdaP TdaP-IPV

Antigen ¢ Sveden |

S/vede_n I Adolexcents Adults Adolescents Adults

172 115

AM 31 352 1471 930 1199 633

Aventis Pasteur Ltd



NIAID Multicenter Study:

Prospective, randomized controlled trial

~2700 adolescents and adults enrolled
— GlaxoSmithKline aP (PT, FHA, PRN)

— Hepatitis A vaccine control
Prospixﬁ:elllaw;;wgh IlIness
Laboratory confirmation of (culture, PCR, 28
serology) - w e e

Pa vaccine waS"‘ef " iR preventing culture/PCR
positive pertussis in adolescents and adults

Ward et al. 2001




NATIONAL CONSENSUS
CONFERENCE ON PERTUSSIS

h—— = : > '.:-f -




Goals of the Pertussis Control Strategy

= To decrease morbidity and mortality from
pertussis across the entire life span

= Protection of adolescents and adults is a worthy
goal for the benefit of these cohorts themselves

It is not clear _ ra Equateral benefit of protection
infants would hieved of

= Control'pertus
adolescent immunizatia _

= Develop and implement effective strategies for control
of pertussis in adults.



Extending Pertussis Immun
to Adolescents and Adults

Is there a disease of sufficient e Yes
frequency to be prevented?

Is the disease of sufficient severity to SV

warrant prevention?
< »
Are there a er reaso’h&l’
immunize? o YeS/ma /be

,_-.-I-: #,.#‘
Is there a safe and%
Can the program be imple . Yes

Would immunization be cost effectlve? e Unknown




Summary

e Pertussis occurs In adolescents and adults
— the illness Is under-diagnosed and under-

of | Wﬁmwidely; the
| stantial but not

— safe, immunogenierand-effective vaccines are
available for use in adolescents and adults




Conclusions and Recommen

|ons

Pertussis Is an increasing problem in adolescents
and adults in Canada

The true disease burden is not known because
the distribution of cases along the spectrum of

disease severity has not been established
Adult formulation acellular pertussis vaccines

are underuti d in Can m -
fa should be

Routine immur
|mplemented bette n the burden of
disease in adults may support routine adult

Immunization

0
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