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Objectives

e About varicella & vaccine programs across Canada.
e Timeline of varicella-related studies.

e Benefits and limitations from 1- and 2-dose schedules in
children.

e Modelling (to predict) the future.

e Conclude with what’s known & unknown (for further
research!).



Live vaccines M from 1- to 2-dose sched

e (Canadian response to vaccine-preventable disease (VPD)
outbreaks = usually adolescents and young adults:

— Measles in 1980s to 1992 = consensus conf Dec 1992 =
2-dose recommendation.

— Mumps in 2004-07) = NACI 2-dose recommendation in
2007.

— Administered as MMR @ 12 & 18 mos, or (@ 12 mos &
preschool.

e Does varicella require the same aproach?



Varicella in Canada

e Considered an endemic (occasionally severe) disease:

— No school-entry requirement, no daycare/school outbreak
management.

— Manage exposure among susceptibles, e.g. pregnancy, the
immunocompromised, school exclusion (controversial).

e Goal for vaccine program = ¥ morbidity & mortality from the
disease.

— Surveillance via passive case reporting (under-reported),
MD billing (zoster), & hospital data (ICD9/10, IMPACT).

— Vaccine coverage variably measured, incomplete in many
Prov/Terr.



Varicella vaccines in Canada

e Univalent vaccines first approved 1n 1998:
— 1-dose for children 12 mos — 12 yrs.
— 2-doses for susceptible persons 13 yrs and older.

e Combination vaccine (MMRV-GSK) approved in 2007:
— 2-doses for children 12 mos — 12 yrs.

e Accurate test for “protective Ab levels” not readily available
in clinical settings (e.g. manufacturer’s gpELISA or IFA):

— Restricted to NML 1n Winnipeg or hosp/research labs.



limb

12m, 18m 12m
Yar
21d dose catch-up

| 2-dose (2 MMRYV or Var/MMRYV)
. 1-dose (Var or MMRYV)



%’“ Varicella vaccination — eras/studies

/

USA 1995; Can 1998 USA 2006; Can 2010
Pre-approval
Studies of: Studies on:
Var vaccine 5 . . MMRV
. g .
effectiveness Studies estimating VI VE, safety

Outbreaks: daycare/school

(VE), safety : . 5 -
Retrospective: case-control Studies estimating VE:

Prospective cohort: 1- & 2-dose recip. | School: 1- & 2-dose recip.

Studies on trends over time:
Disease incidence: USA Var active surveillance project (VASP)
Hospitalization/Resources: IMPACT, Ontario; USA databases

Mortality (deaths): USA databases




Vaccinated, or Not Vaccinated?

vvvvv vy
Correctly predicted



Single-dose vaccine In children — benefits

e Reduced varicella (sources):
— Disease incidence (VASP-USA).
— Physician visits (Ontario data).
— Hospitalizations (USA, Ontario, IMPACT).
— Deaths (USA).



Guris D, Jumaan AO, Mascola L et al.
JID 2008 Mar;197(suppl2):S71-5

T UL AR E Sauth For.k Kem ’ Moy 0
_Richgrove |" "+ =~ = 0 Hermville 4 R S— Death Valley
"Delann Woody . National Park

i Rabl il nst HiIIs ThcFatland “Wafford Heights
aso Robles

i Wasco' 178] " Lake
Atascadero Ehafter Isabella

: 3 Y o
' : K E RN | Fort |
 orro Blay ¢ Buttomwillo. Oildale_ Randsburg ) l\?ﬁlit:r\;:n

p - e G L
SAN LUIS E' Grespacres Bakersfield EJDhanneshurg Resemation

i Fart Irnwin

T 7 - Cuddeback d ’

OBISRO S A N\ 4o [ Hgndma California {3357 Lake ; _

Dceantss " eouth Ta 58 City ] ojave National Presenve
° Arroyu Grandeﬁ :

e Y Tehachapi
N|pomu 166 Mew i taricopa 99 CALIFOR N I A i, Coyote Lake: | JSands  Flynh
Santa Marla “oGuyama . o
: Ecn ¥ i : o Glasgow | “arans
A : Frazier . i

101

San Rafael

“Yandenberg Wilderness i

Village, . cmpTa BaRBARA |, Los Padres

National Forest

wmanta Ynez ] !
2133 =

154 Shnta, | HENTURA, ‘Victorvi Apple Valley. - o Twentynine

: i : W Palms Marine

. DBarharz.l: 1sg"Santa Santa Clarl : : nH'f:; T © b “Eorps Base

Isla Vista Carplntena Paula, Y e esperia 247

I]Lumpm:

ganta Barhard Qﬁaﬂﬂaj 0! o 3 ]\ Crestline__ Big Bear Lake

Yentura Thousand
G101 San San Garyahio e

Oxnard 0L ; Yalle g
] = S Snfario 1 Bernardinoe _Nountain 11,48 s 30EY “Twenw“me
1 o} AT s Pal
Channel Islands N.P. Anacapa g
Island pton, N Fullertqﬁ ateo
Torrance. nipn \\\‘sar an Gr. is | San Jacinto @

Long Beach
Chanmel Telande g ”Hemet IdyII\Ip_waIdQumta
Huntlngton "f sa \ ke|Elsinore

i fic O c e an Beach urrieta
NGE T

Samta Barbara Island Wount {_ ~.. Yemeecula

Unizaha San Clemente’ ] 1L IMPERIAL
Santa Catalina Island Avalon "J'Jkn AN DHE G O |

right ® 2004 Mi San el el Al ights resenved Gulf of Sania Gataling JHurego Springs Miland




* Guris D, Jumaan AO, Mascola L et al.

JID 2008 Mar;197(suppl2):S71-5

Mazareth

-'NORTHAMPT ¥
Beth

West F_'_enﬁ
309

Cressoia The Pmnacle |_EH|&‘H

a}{atawny
N An ient Oaka
61 Longswamp \

B ER/K S 100 g S\"L'e
LEBAMON | 4 Laureldale N enishiirg

Annwills My erstown Reading | Hanover

rogress Swatara ehanun Cocalico Feifitpe Lorane Squareo
/—-5 Cnrnwall

oressler 50l & Robef areStowe

== i 553 v Crus ng 2

Manheim P E° N - Y
I enwbretryt ovin " East :

N Patershirg East Eaﬂ

JIlaytown=2 Mew

Marlefta l'ancaster H|3||and

tillersville,

ok Vééesftlephﬂa&er hla _,-Fd

a . FLACAS CHESTER
y Parkeshiiy Dl

Dallastgsen, Red Lion™-. Quamyille Westtown
YO R Wesgy | ’ i

A i
NewCastle Pattsville

DRSS

IR THUMBERLAND
'Hegins ety
. . Clintan, Elrldge

Wllllamst T j
[ehtown | 511-----

Lykens
y = F'lne Gruve Hamhu U

“Elizabethils
:Flemlngtun

F'Iumsteadwlle

“Frederckshurg
N3

DALIPHI
Tel rdo

Rarleysville Toylestown

Puttstuwn
. 232
L .V \ N T armmster Church

F'hu:uem}{wlle _ MONTM M_ﬁ :

Nnrrl O3ALH
AShOHOCkE
o

L4
Bartville/ [ 41

Chi " 42/
/ GL CESTER-

=--GJ_§s§bnro

74 -
Kannatt

- " Huoltwiood
Square..

Mew Lohdon,
(272

-
JBhrewsbury Drumure

[ ey
Freedom_
Fuxcat_che_ro ':- -
at Fair Hill JE ”5\"”90

- Woodstown

HOQEEST; {40 Elkton SALEM
1D CECIL ¢ Balem =
—z "~ "Fallston_# 7 apardaen DELAWARE VN
O\mlgg Glen A Perrymap 553" "4 DVinelan__d
g o nEdgewuu_t_i_=;" Mlddletown 13 "Bridgetnnﬂ p .
¥ ' Ry, Millville
CLMBERLAND

c‘Claytnn -

DulﬂllnO
\Hampstead ;
i 4 55

g ) S HARFORD
.- 4. MARYL A

Masseyo
Maurice
Rwero ™

Warton o
° “Mewport

. Chestertown AiIEER
E1i viEHs

Corpl and/ornits suppliers. Al

Aol
ghtieE00% Mizoso

# WARREN | Hampfon -

HUNTERDON #

BUCKS Buckmgham F'Iamshom

5
unt Holly )

Vnnrhees
Somerdale

I CAPEWAY,

ey

SINew- Y‘@rk NASEAN 27

Ocean5|de
I:'Lrung Beach

fi \ﬁm‘* NEW YORK'

! ;A.f?hur Kl
Ebgrth'Amhuy
LESE atawan

od’ Do_lﬂ"B ORE'Z Bank

< Holmdel
A QAT

Pls-::ata (ay i
S New Brunswmk ,r’
SOMERSET

Kendall F'ark

I:ILung Branch
Ashury Park

;ﬁiﬁesterﬂeid ) Laldivinad
NEW JERSEY & / W—;
) Foint
Sivertsh. . Pleasant
ake
san| Estates Tums River
- % Beachwood| A &
OCEA cean ate
Taberacle

Courtry

."fnrked Risy Lanoks Harbor

239

- Atlantic
Barnegat Beach

BURLIMNGT M
oManahawkin Terrace

563

Eleau:fh Hegfven
Ao st
ag =

Mystico
|slands

Ocean

“Surf City
Long Beach Island

“North Beach
Haven

Fleasantvifig F,
¥ Brigantine
Ventna C'ty “Atlantic City
Margate City
‘Ocean City

WDD e

West H Bahylon;



% Age-group of varicella cases, Antelope Valley,
/  CA (popn 300,000) — 1995-2000

1995 #1996 41997 —-< 1998 -#-1999 2000

1400

Vaccinated Catch-up?
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Figure 1. “/aricella-Related Hospitalization Rates, 1994-2002
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Varicella was the primary diagnosis code for data shown.

Zhou, JAMA Aug 2005 — MarketScan database of > 100 HMOs of 40 employers




per 10 000 US population
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Fig Z. Estimated population-adjusted waricella-related hospitalization rates for specific age groups, 19933001, Weighted point estimates
for rates in each year are shown, standardized to the year-specific population for each age group

Davis, Peds Sep 2004: Nationwide Inpatient Sample, 17233 states, 800-1000 hosp




Varicella-related deaths, USA — 1990-2007

Marin et al. Pediatrics Aug 2011;128(2):214-20
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Varicella-related deaths, USA — 1990-2007

Marin et al. Pediatr Aug 2011;128(2):214-20
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Kwong JC, Tanuseputro P, Zagorski B et al.
Vaccine. Nov 2008;26(47):6006-12
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Fig. 1. Age-standardized varicella-related owtcomes for the overall population, Ontario, 1992-2007, with vaccine sales data. The thin vertical line indicates the start of private
availability of varicella vaccnes and the thick vertical line indicates publicly funded immunization program introduction.
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PHAC/CPS - IMPACT pediatric centers
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Varicella publicly-funded programs, Canada

e Five P/T with earlier programs (EP, 2000-02):
— PEIL NS, AB, NW, NU [15% of Canadian popn].

— IMPACT (ped tertiary care hosp) surveillance in 3 sites =
Halifax, Calgary and Edmonton.

e Eight P/T with later programs (LP, 2004-07):
— NL, NB, QC, ON, MB, SK, BC, YT [85% of popn].

— Remaining 9 IMPACT sites = St. John’s, Quebec City,
Montreal (2), Ottawa, Toronto, Winnipeg, Saskatoon,
Vancouver.

e Hospitalized cases reflect the most severe cases of varicella (zoster
removed).



SLIDE removed at speaker’s request:

Decreasing admissions over time at IMPACT
centers monitoring early programs (EP)



SLIDE removed at speaker’s request:

Decreasing admissions over time, at IMPACT
centers monitoring later programs (LP)



3 5/\ Manitoba (MIMS data) — Varicella vaccine single-dose

coverage by the 2nd birthday, 2002-08
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SLIDE removed at speaker’s request:

Decreasing admissions at all IMPACT
centers over time, by age-groups



SLIDE removed at speaker’s request:

Decreasing seasonal trends for admissions
at IMPACT centers over time



SLIDE removed at speaker’s request:

Decreasing admissions at IMPACT centers
over time, by underlying health status



SLIDE removed at speaker’s request:

Increasing proportion of breakthrough cases
among admissions at IMPACT centers over
time



Single-dose In children — limitations 1

e 10-30% breakthrough (vaccine-modified) disease:

— Resetting “seroconversion” (Merck’s) gpELISA titer to 5.0
(from pre-approval 0.6).

— Too low threshold led to high “primary failure” rate.

e Secondary vaccine failure (waning immunity) also likely,
although data difficult to interpret:

— Higher odds ratios for increased time since vaccination in
many, but not all studies.

— But when coverage still low, boosting of Ab was occurring.



Single-dose In children — limitations 2

e Breakthrough disease 1s mild in 75-80%, but the remainder
are mod-severe and can initiate or propagate “outbreaks”:

— Public Health manage outbreaks in USA, not in Canada.

e Decline 1n disease incidence has plateau’d, seemingly shifted
to an older age-group, unknown if this will eventually lead to
higher complications in adolescents/adults.

e Brisson’s (and others) modelling predicts large wave of
breakthrough disease in 10-20 years after a honeymoon period
(at older ages) ??



% Varicella — 6 wk gpELISA & breakthrough

Li S, et al. PIDJ Apr 2002;21:337-42
O Cumulative varicella rate B Median # lesions
_ 70
o gpELISA > 5 units/ml =» 15.5 lesions
9 60 - gpELISA < 5 units/ml & 51 lesions
2 50 -
=3
5 40 -
©
E 30 -
= 20 -
)
11 1
)
o
0 I I I I
Non-conv 0.3-4.99 5-9.99 10-19.99 >= 20
n=9 n=146 n=275 n=395 n=262
gpELISA units

Prospective study, same study group as Kuter et al but with 7 yr follow-up



Humoral and cell-mediated responses to 1 and 2 doses of Var-containing vaccines

among children 12 mos to 12 yrs

6w after dose 1

bw after dose 2 (w/ 3m

6w after dose 2

Immune between doses) (given at 4-6y)
response

Var MMRYV Var MMRY Var MMRV
VZV IgG
gpELISA > 85.7% 91.2% 99.6% 99.2% 99.4% 98.9%
5 U/ml
VzZV IgG
gpELISA 12.5 13.0 142.6 588.0 212.4 317.0
GMT U/ml
Mean Stim

+ + +

Index (SI) 28.6 £6.2 36.9+9.1 58.6 £6.5




Guris D, Jumaan AO, Mascola L et al.
JID 2008 Mar;197(suppl2):S71-5
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Figure 1. No. of cases and vaccination coverage, Antelope Valley, Cal-
ifornia (4) and West Philadelphia, Pennsylvania (B), 1995—2005. Boxes
with arrows indicate when varicella vaccination requirements for child
care (CC), kindergarten (K), and sixth grade (GB) entry went into effect.
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Guris D, Jumaan AO, Mascola L et al.
JID 2008 Mar;197(suppl2):S71-5
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Figure 3. Median ages of both vaccinated and unvaccinated case pa-
tients, Antelope Valley, California (AV), and West Philadelphia, Pennsyl-
vania (WP), 1995—2005.




Varicella outbreaks in the USA, 1997-2004

Study Vaccine Effectiveness (VE) Setting/Design

All disease Mod/severe dis
Seward, JAMA, 2004 79% (70-85%) 92-100% Antelope Val, CA 97-01
Galil, JID, 2002 79% (66-88%) | 95% (84-98%) PA daycare, 00
Galil, NEJM, 2002 44% (7-66%) 86% (39-97%) NH daycare, 01
Dworkin, CID, 2002 88% ( - ) - IL elem school, 01
Tugwell, Peds, 2004 72% (3-87%) - OR elem school, 01
Lee, JID, 2004 56% ( - ) 90% ( - ) MN elem school, 02

Renas, mmwr, 2004

85% (78-90%)

98%

(95-99%)

MI elem school, 03

Miron, PIDJ, 2005

20% (0-40%)

PRV

(75-98%)

Israeli daycare, 03

Huebner, mmwr, 2006

81% (66-89%)

93%

(82-97%)

NE elem school, 04

Other unpublished studies from schools or daycare centers in
Maine, NH, CA (LA) and Utah =» VE against any severity = 73-90%




7/

i/ Contagiousness & severity of breakthrough

Seward J, et al. JAMA Aug 2004 — Antelope Valley, CA
Secondary attack rate
Index case Unvaccinated Vaccinated ‘ Previous VZV hx
Unvaccinated 71% 15% 7%
(1071/1499) (25/166) (44/620)
25% mild 75% mild 20% mild
Vaccinated 37% 22% 3%
(26/70) (21/94) QVAL))
40% mild 90% mild 100% mild
Previous VZV hx 45% 0 16%
(29/65) (0/19) (26/161)
30% mild 0 25% mild

From 1997-2001 =» 6,316 cases in 1,602 households with 5,912 contacts
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“Contagiousness of breakthrough disease
Seward J, et al. JAMA Aug 2004 — Antelope Valley, CA

Primary cases W # lesions Secondary attack rate

Unvaccinated 654 > 50 74%  (669/907 contacts)
434 <350 68%  (402/592 contacts)

Vaccinated 15 > 50 65% (15/23 contacts)
39 <350 PRV (11/47 contacts)

VE overall =79% (95% CI = 70-85%)
VE mod/severe disease = 92-100%



.

Study

Time since vaccination

4% Varicella outbreaks — breakthrough factors

Age at vaccination

Lee, JID, 2004
MN sch

>3 yrs
Rel Risk (RR) 2.6 (1.3-2.4)

12-15 mos
RR 2.1 (1.1-4.1)

Renas, MMWR, 2004 > 4 yrs o
Not Signif
MI sch RR 4.7 (1.5-15)
Tugwell, Peds, 2004 > 5 yrs NS
OR sch RR 6.7 (2.2-22)
Verstraeten, Ped, 2003 Not available (N/A) 12-14 mos
HMO-A(west) day care RR 1.4 (1.1-1.9)
Dworkin, CID, 2002 N/A 12-14 mos
IL sch RR 3.7 (1.1-13.1)
Galil, NEJM, 2002 >3 yrs NS
NH daycare RR 2.6 (1.3-5.3)
Galil, JID, 2002 N/A 12-14 mos
PA daycare RR 3.0 (0.9-9.9)




#% Oka/Merck vaccine at 12-14 vs 15-23 moa
~ Silber et al. PIDJ, Jul 2007;26:572-76

% =5 gpELISA GMT gpELISA
units/ml (95%CI) units/ml (95%CI)

93.8 (92.9-94.6) 15.1 (14.6-15.5)

90.8 (87.9-93.2) 13.5 (12.4-14.7)

93.1 (88.0-96.5) 13.7 (11.9-15.8)

93.4 (92.6-94.2) 14.8 (14.4-15.2)

P = 0.08 comparing % > 5 gpELISA units/ml across the 3 age-groups
P = 0.02 comparing GMTs across the 3 age-groups




#% Oka/Merck vaccine at 12-14 vs 15-23 moa
~ Silber et al. PIDJ, Jul 2007;26:572-76

Initial serostatus % =5 gpELISA GMT gpELISA
(by gpELISA) units/ml (95%CI) | units/ml (95%CI)

Seronegative,

opELISA < 0.6 93.6 (92.5-94.5) 15.2 (14.7-15.7)

Seropositive,

opELISA 0.6-1.24 95.0 (92.8-96.6) 14.2 (13.3-15.2)

Seropositive,

opELISA > 1.25 93.6 (89.1-96.6) 16.5 (13.9-19.6)

Total 93.7 (92.9-94.6) 15.1 (14.7-15.7)

P = 0.46 comparing % > 5 gpELISA units/ml across the 3 age-groups
P = 0.83 comparing GMTs across the 3 age-groups




Two-doses in children — benefits

e Close to 100% over the “true’ protective level, much higher
GMT -2 anticipate longer-lasting.

e [ower cumulative attack rate (2.2%) in children who got two-
doses compared with single-dose (7.3%) 1n prospective study
by Kuter et al.

e Modelling predicts lesser wave of breakthrough & wild-type
cases into the future.

e Able to use MMRYV in two-dose program.
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i Varicella gpELISA = 5.0 (10-yr Follow-Up)
/,i Kuter B, et al. PIDJ Feb 2004:23:132-37

100 -
— =768 0=392 390 n=aa7 | o'
£
[2) 95 -
c
>
<
2 90 -
1
L
Q
(®)
To) 85 -
ﬁ.l Vaccine not Vaccine licensed
GC) licensed in the U.S., with
% 80 - in the U.S. Increasing coverage
al
75 -
6wk | 1yr 2yr 3yr 4 yr Syr 6 yr 7yr 8 yr 9yr
1dose | 85.7 | 86.9 | 90.9 | 93.2 92 955 | 93.7 | 943 | 945 | 953
-2 doses| 99.6 | 974 95 98.2 | 929 | 981 96.7 | 96.2 96 97

n=1,029 Period of time since vaccination (1-2 doses)



Var breakthrough, cumulative 1993-03 (10 yrs)
Kuter B, et al. PIDJ Feb 2004,;23:132-37

3] 10 -

. Q A Vaccine not = Vaccine licensed

© licensed in the U.S., with

c 8 in'the U.S. “Increasing coverage
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> n=743 n=717 1n=696 n=629 n=607

+ 2 U - SOSOU n=304  ____l— — B __

©

= A0V A 833 BT e

= 1 n=1017"" n=1010

> 0.

© 1styr | 2ndyr | 3rdyr | 4thyr | Sthyr | 6thyr | 7thyr | 8thyr | 9thyr | 10th yr
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—-2 doses 0 0.3 0.6 1 1.7 2.1 2.1 2.1 2.2 2.2

Year since vaccination (1 or 2 doses)




.

GMT (units/ml)

4% Varicella gpELISA GMT (10-yr Follow-Up)

Kuter B, et al. PIDJ Feb 2004;23:132-37
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1 Vaccine not Vaccine licensed
120 - licensed in the U.S., with
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100 - Is this from repeated external (exposure to wild virus)
80 - or internal (“mini zoster” reactivation) boosting??
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n=1,029

Period of time since vaccination (1-2 doses)




=
== )
U]l

Var 2nd dose incremental effectiveness, 2006
Nguyen et al. PIDJ Aug 2008;29(8):685-9

e ELEM SCH, PHILA (cont) — 2" dose “Vaccine for Outbreak
Control (VOC)” strategy.

e Var outbreak lasted from Oct 13 to Dec 16, 2006.

— Students considered in 2-dose group if > 4 days after the 2nd
dose.

e Total 57 Var cases occurred, with attack rates (AR) of:
— 5/6 (83%) among the unvaccinated.
— 43/99 (43%) 1n 1-dose gp.
— 9/187 (5%) 1n 2-dose gp. (0/4 1n 2-dose recip pre-outbreak).



Varicella modelling

e Being done 1n several countries to anticipate the changing
epidemiology of varicella due to vaccine programs:

— Canada & UK (Brisson, Edmunds et al. 2000-02 & 2010-11).
— Australia (published by Gao et al.).
— Finland (published by Karhunen et al.).

e In 2008-09 NACI requested Brisson model the impact of 1- vs
2-dose programs on varicella and zoster disease.

— Used coverage assumptions from Quebec, paper published.
— Cost-effectiveness paper not yet published.
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* Varicella 1- vs 2-dose model

Brisson et al. Vaccine Apr 2010;28(2010):3385-97
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Fig. 1. Flow diagram of the natural history of varicella and zoster with and without vaccination. The mutually exclusive compartments represent the different VZV epidemio-
logical states. Arrows represent the flow between these states. w=Waning rate from vaccine protected to vaccine susceptible; T=% who become temporarily protected after
vaccination; F=% for which vaccine fails completely; 1-b=Degree of protection in vaccinated susceptibles; k=% vaccine protected who become immune due to contact with
varicella; m=Rate of varicella infectiousness of vaccinees compared to non-vaccinees; A =Force of infection; 1/o = Duration of natural varicella latent period; 1/o=Duration
of natural varicella infectious period; 1/, = Duration of breakthrough varicella latent period; 1/a, = Duration of breakthrough varicella infectious period; 1/6=Duration of
immunity to zoster after exposure to varicella; z=% of effective varicella contacts that boost against zoster; 1/p=Rate of reactivation.



#» Varicella model — 1-dose impact

Brisson et al. Vaccine Apr 2010;28(2010):3385-97
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Fig. 3. Impact of 1-dose varicella vaccination on varicella. (a) Predicted incidence of natural and
breakthrough varicella over time since vaccination (base case). (b) Impact of vaccine efficacy
assumptions on the predicted incidence of natural varicella.
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Fig. 3. Impact of 1-dose varicella vaccination on varicella. (c) Impact of vaccine efficacy assumptions on the
predicted incidence of breakthrough varicella. (d) Impact of matrix assumptions on the predicted incidence of
natural and breakthrough varicella. Natural varicella: full-blown cases that occur in unvaccinated individuals
and primary failures. Breakthrough varicella: occur in seroconverted vaccinated individuals and is assumed

to be significantly less severe than natural varicella.
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#» Varicella model — 1- versus 2-doses

Brisson et al. Vaccine Apr 2010;28(2010):3385-97
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Conclusions

Single-dose programs have been very successful 2 Vdisease
incidence, hospitalizations and mortality (the minimum we
want); the benefit appears to have plateau’d.

However, breakthrough disease 1s common, probably
impacting daycare and schools (no surveillance); model
predicts a possible large increase in breakthrough cases at an
older age (with unvaccinated cases, if coverage is too low).

Two-dose programs can correct primary and secondary
vaccine failures, hopefully prevent that large future wave.



Research challenges

Best timing for the 2-doses — based on disease pattern, or cost-
effectiveness?

— Close together deals with 1° failure, reduces virus
circulation?

— Further apart better for 2° failure, longer lasting immunity?
How do we catch-up the second dose? Who pays?
Is breakthrough disease at advanced ages really more risky?

What’s happening in Canadian daycare/schools? To get at
incidence, we need “VASP-North” (e.g. like Antelope Valley).
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Features

1-dose

2-dose

\/ varicella disease
incidence

Yes, by ~64% over an 80-
year projection period

Yes, by ~86% over an 80-
year projection period

\ hospitalization

Yes

Anticipate further
reduction

N mortality

Yes

Anticipate further
reduction

N zoster in all ages

Yes, by ~5% over an 80-
year projection period

Yes, by ~11% over 80-
year projection period

\/ zoster in vaccinee

Yes

Anticipate further
reduction

V invasive secondary Group

A Streptococcus infection

Yes (study by Patel et al)

Anticipate further
reduction
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Features 1-dose 2-dose
Breakthrough disease Yes (in 7%—30%; the Yes, further reduction (in ~2%;
(severity) majority were mild cases) all cases were mild)

Breakthrough cases
can transmit infection

Yes (if breakthrough disease
1s mod-severe)

Unknown (due to anticipated
small # of cases)

' outbreaks

Yes, but outbreaks continue to
occur in U.S. childcare
centres/schools

Anticipate further reduction
(still too early to ascertain)

Antibody levels

Lower seroconversion rates in
post-licensure studies (after
resetting the seroprotective

titer to a higher level)

\U/
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Significant boosting after the
second dose whether
administered 3 months later (2
doses of univalent vaccine) or 6
weeks to 4 years later (with 2
doses of MMRYV)
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Features 1-dose 2-dose
Wanine immunit Yes (based on outbreak Anticipate less waning immunity
g y studies) (but rate of decline is unknown)
: : Shifted to mean of 22 years Shifted to mean of 32 years for
Shift of varicella : )
disease to older aces for wild type, and 41 years wild type, and 48 years for
8 for breakthrough disease breakthrough disease

Cost-effectiveness ratios per
QALY gained of 2-dose versus 1-
dose vaccination:

$106,000 (2 doses in the second
year of life),

$41,000 (2 doses at 12 mos. &
preschool), and

$28,000 (2 doses at 12 mos. &
Grade 4), respectively

Cost-saving, for a single

Cost-effectiveness
dose at 12 mos
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