ME3ITEEH AN, MR TR KX T 3000
HADREODIF RPN LN, ZhiT

U RS MEE 4 3000 H ALMELTWASD T,

EAMICEF O AICBTIREHERRALE
Srllied, EIBMERE T, 2720 ERY
IREREREoELT R, 233, FIRBER
1000 AT, SR ALK OAENT, 60 AT
tHEAPEEL , BT OB HRLIED
FHT, 1/100 LT, LETZTFHIT 300
FANGERE, TROLIBMHEEO SR LR
ROIF B RERD,

LLedin, 2 TErhaidebpn i,

ZO XA (Pl b —REIRAED
X BHIHR) BYHED RAEORRITIE, —ik[E
FEIIEE LT RIZ2D, WD zero fear ) 2 H
RTBIETHDH, RIRGET IV A7D5E
Wi U OF U BERBDEVD ZESHIBIL
TV L, EESRELTER, bbb,

M b, iR EWVDIFZF B XEIRNILD,

BEERERANTIFUEEETILOITE
MIRESNRT RG2S T T 5%
#& LTI, +4572 Crisis communication {2
D, —AREREERETIZENLDLLEHET
HDN, —H., ERICEHT IRV ITF
ENHDEVILEE R T ENSIEL— DD
FRELTEALND, REE KEH, FAvey
Ot TRETE BREASOVIF A Z
BETRLANELTWDIELIFETS,

D #%

HERET A EARET TR, REEMETIE
3000 FASYTRbLEZMEERDHO
DrF B EERED, FBEMERTH-T
LESET ThhL, 2500 A CRERZ
YEFED 5/6) DU IF L EERD, ZOGT
T, 1980 LA PRATEFRFEERE (3000 7

59

NV ESHHOIRALERIZ, ZOADE
MizBWTITEER, ARV OF A NFEL
TWBH, —EOREBEABEREFLTHS
LEZLN, BBLIZELTHZORCRITE
HTHRNDEDIT —FRRENTNAIETH
Do

SR BEMERD, W ThARBED
FATHIRNZ > THD THEL ORI O/RER,
HARE I AEBEHVEEITIT, DRl
EBLI 34— — DR HEN TIBBMETE
OF A, HAERL VLT OMEIZH R
Tho—T7, ERRERRDEIEOG ST,
Ro. IR EBHE B, MARMBICIKFLT, &
FA R AN BB R L 0% BETT O FHN 2 B R
BREELHD, LT AR/ FEG, DEORIT
R Y YIHOLHEIEESH HERDEREIL,
PIRDOEEET THY, Zid (4 7am
FEEE AT, SAAEPFIAVRENL
iz @R O-ECBITIA(FTaTh
FuUE, HNLBEHERBIC LIRSS NDH TSI
2 RIS U TEREEERICBIT T 580D
N BARRHETHAIEEZLND,

— k., —RERIZ. EBOMRITEAER
IV ERICT I F U THILTHHLH
R ET AR EREN TVS, bhAA,
THV SR AHBLL I BEMEREIZLD
BRE ORIV I FoEERTDEEI LR
ZitAnLRVILLAT, Ihi =y
EERTERIEESH D THICHL T, B
EITFEECHBEINAZE, o RRE T
fEEFHRELT, Zhbibolb VAT EL
TOIF L EREITO, DI TEHIRETTOZ
EDVEMER PHEMEEZ AL TLLY,
F-ELTLOEILERSHD, ZNIET YRV
A 780 Crisis communication M—EEL T,
HDVMIFEARIZ Risk communication &L T,



KIRIE 12317 D Search and Containment &%
EHARAL TRV D THETHS,
RE, FAYRETH, ZhbizmaT, £F
ROV IF A mETLIEERRLTED,
INAERTALARWIDDL T, Ny
IO AL TEKCEA SN TWS,
bhbA, RERSOUIF L& TR,
IRIZBALOIFRVH, ZRIZITA R
OEPOLLRFTIENLETHY, F-EHE
LTOREHENREZ HIZbBbo TS, LI
DEEH IOV T—EOR R RTE
LT, 2RIk, RAREICRBEL THIET
FITED TRV EOB|ED RO THDH,
NIRRTV L BRI ELH 6 THD,
HEEFNMCIARE T BRICBELR
R4niL, BRMERIC L THITEHIETS
ZEMRAEETHY, VIF LR/ DORTREDD
ZEMHAL TS, o, KAVETH->ThH,
DOF L ARRBL T, WBELHERLE O 1T Bhilil
PBOBIZES>THHIEN A REEDHELRD
n5Y, REIEDWITHIEIZ >V TIL, #@E
DB Search and Containment strategy
BEIEHZENMBLNTEY, KARREIZL
B34 T el D ERIA R, TIF D
M RIZL > TORRLELNDRETITARL
FNoEBRIIERNT A — AT R
FIBFARERICITOZE ., - MRBERCITENS
Ff (Isolation and Quarantine) 7g& o fE2 FEkE
WX ARE AL EE DA R EL
THRUBNHRETHHIEE XD,

IS, SRV T UOHERBRRAILBITLR
MR FECRLEEBRERTIEELII, V—
NAZRAZEHBEORMIENEAR L
FRETNILD, LBERT I TF A REFHEL
T, EREOMEORLIRELE K T~
&LEZLNT-,

-
—

60

E #5i&

HHET ML, REOTUN LAY
THANZ, ZOHFERHETMT 5L
T&5, B2, /3(F 7 0% SARS TIIZDOHE
EMR LR BELTHD, F&iL. ADDHUR
R RE. ANOBEEZLERL, Thbicy
—RAZ AR DR RE DR ROHE
FAELEIEERET VISR T
HLEBLETHA2,

HF AT, BEMCR RS hidEEMEE
LODZOHIENTRETHY, ZOF/EITIIV S
Fr DM A F Tl U TRFEINSE
BT, B E &2 D, -8R TIIY
IFAEBRRBRERTECERIENEEILN
THEY, ZNLOBEFEEHATIL, BIREETO
BEHE, Tbb2 ANDH 43%0T7F
YHBIIE, ARBAMICE CEREFE
WL BE T 7 F | DW=y 7Bk DT
oYYV E L A N &= oY N E 30 TA S E Y/
HEThILEZ LRI, LD LAKE, RIREY
BAEIVAL D ERZEBRTLREDOTuD
ZiN5%-#8 2 7- Biological warfare MKIR=L, K
REOBEVNHTH, TOHMT AL ZRE
PR B THETIRMTERWEVDILS AR
BAMREOMRE, HDHMIV /TR
FEFIIBOTON B SERaHAR5TE
MR THDRP T, XHRDVIF B E
BUIRBZLITIHZLTHY, HRRDREIIA L
Blam LIZE2ETHA,

F. {EREfa R
FriCTEAL

G. BFERE
1. RTEXR



FCHIL
2. FRRR
FEFRL

H. W RO IR - BB (T EL S
)

61

1. ¥RETERAS
FFelFIEAL
2. HRPR B
SRR

3. 50
Frao JREAL



BH 3w

1) Marianne L.L. van Genugten, Marie-Louise A.Heijnen, and Johannes C.Jager Pandemic
Influenza and Healthcare Demand in the Neitherlands:Scenario Analysis

2}Marc Lipsitch, Ted Cohen, et al. Transmission Dynamics and Control of Severe Acute
Respiratory Syndrome, Science, 300(5627), 1884-5, 2003

3) M.Brisson, W.)J.Edmunds, Economic Evaluation of Vaccination Programs:The Impact of
Herd-lmmunity Health Econimics, Medical Decision Making 2003 p76~

4)Lieu TA, Cochi SL, Black SB, et al.Cost-effectiveness of a routine varicella vaccination program
for US children. JAMA 1994;271:375-381

5)}Metlzer,M.1., Damon,l., LeDuc,].W., and Miller.].D.(2001),"Modeling potential response to
smallpox as a bioterrorist weapon,” Emerging of Infectious Disease 7,pp.959-969.

6)Gani,R. and S.Leach(2001),” Transmission potential of smallpox in contemporary population,”it
Nature 414,pp.748-751.

7)Kaplan, E.H., D.L.Craft, L.M.Wein(2002),”Emergency response to a smallpox attack:The case
for mass vaccination,”it PNAS 99,10935.

8)Halloran,M.E.. I.M.Longini Jr. A.Nizam and Y.Yang(2002),” Containing bioterrorist smallpox,”it
Science 298,1428-1432.

9) Margaret L.Brandeau, Gregory S.Zaric, Anke Richter, Resource allocation for control of
infectious disease in multiple independent populations:beyond cost-effectiveness analysis,
Jourral of Health Economics 22:2003,pp.575-598.

10) Yasushi Ohkusa, Kiyosu Taniguchi, Ichiro Okubo. Prediction of Outbreak in Smallpox and

Evaluation of Control Measure Policy in Japan by using Mathematical Model (accepted)

62



F1: EHERICISRBERT

R, #REBBRHL MTAMKBE 3rA#% PFEE 141% DI FARTEAEK

1 1 30 3.17 3.17 3.17 2.83x107
1 1 45 4.04 4.05 4.05 2.83x107
1 1 60 4.80 4.91 4.91 2.83x10°
3 1 30 23.9 23.9 23.9 2.93x107
3 1 45 66.9 69.1 69.1 2.94x107
3 1 60 156 197 197 2.95x107
5 1 30 98.7 100 100 2.95x10°
5 1 45 441 481 481 2.96x107
5 1 60 1.47x10°  2.31x10°  2.31x103  2.96x10°
10 1 30 1.04x10°  1.10x10°  1.10x103  2.97x10°
10 1 45 8.68x10°  1.12x10'  1.12x104  2.97x107
10 1 60 4.54x10"  1.12x10°  1.12x105  2.96x107
1 1000 30 3.17x10°  3.17x10°  3.17x103  2.94x107
1 1000 45 4,04x10°  4.05x10°  4.05x103  2.94x107
1 1000 60 4.80x10°  4.91x10°  4.91x103  2.94x10°
3 1000 30 2.38x10"  2.39x10"  2.39x104  2.96x107
3 1000 45 6.67x10"  6.89x10'  6.89x104  2.96x10°
3 1000 60 1.55x10°  1.95x10°  1.95x105  2.94x10°
5 1000 30 9.81x10"  9.93x10" 9.93x104  2.96x10’
5 1000 45 4.30x10°  4.66x10° 4.66x105  2.92x10°
5 1000 60 1.39x10°  2.01x10°  2.01x106  2.77x10°
10 1000 30 9.57x10°  1.00x10%  1.00x106  2.88x107
10 1000 45 5.58x10°  5.96x10° 5.96x106  2.38x107
10 1000 60 1.54x10"  1.60x10°  1.60x107  1.38x10°
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#2: BPIEERRIC LD B ECT- R (ERE HIE 281

R, #RELFI MHABB 3-rA% ¥¥%  1F§ U F AR
1 1 30 1.84 1.84 1.84 46.2

1 1 45 2.72 2.72 2.72 48.5

i 1 60 3.60 3.60 3.60 49.5

3 1 30 3.82 3.82 3.82 140

3 1 45 11.7 11.7 11.7 395

3 1 60 34.1 3.1 34.1 1.12x10°
5 1 30 6.21 6.21 6.21 244

5 1 45 30.6 30.6 30.6 1.15x10°
5 1 60 147 147 147 5.52x10°
10 1 30 14.0 14.0 14.0 549

10 1 45 143 143 143 5.47x10°
16 1 60 1.45x10° 1.45x10° 1.45x10°  5.53x10"
1 1000 30 1.84x10° 1.84x10° 1.84x10°  4.62x10"

1 1000 45 2.72x10° 2.72x10° 2.72x10°  4.85x10"

1 1000 60 3.60x10° 3.60x10° 3.60x10°  4.95x10"
3 1000 30 3.82x10° 3.82x10° 3.82x10°  1.40x10°
3 1000 45 1.17x10" 1.17x10" 1.17x10*  3.95x10°
3 1000 60 3.41x10" 3.41x10" 3.41x10"  1.12x10°
5 1000 30 6.21x10° 6.21x10° 6.21x10°  2.44x10°
5 1000 45 3.06x10" 3.06x10° 3.06x10*  1.15x10°
5 1000 60 1.47x10° 1.47x10° 1.47x10°  5.50x10°
10 1000 30 1.40x10 1.40x10" 1.40x10"  5.49x10°
10 1000 45 1.42x10° 1.42x10° 1.42x10°  5.46x10°
10 1000 60 3.19x10° 3.19x10° 3.19x10°  2.44x10°
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#3: BPMEMRIC LA E BCT-R (HEAE RN 1/100)

R, MREPEL STABELE 3yA%  ¥FEE 11 0o F RN

11 30 1.84 1.84 1.84 16.2
11 45 2.72 2.72 2.72 48.5
11 60 3.60 3.60 3.60 49.5
301 30 3.82 3.82  3.82 140
31 45 11.7 1.7 11.7 395
301 60 34.1 34.1 34.1 1.12x10
5 1 30 6.21 6.21 6.21 244

5 1 45 30.6 30.6 30.6 1.15x10°
5 1 60 147 147 147 5.52x10°
10 1 30 14.0 14.0 14.0 549

10 1 45 143 143 143 5.47x10°
10 I 60 1.45%10°  1.45x10°  1.45x10°  5.53x104
1 1000 30 1.84x10°  1.84x10°  1.84x10°  4.62x10'
1 1000 45 2.72x10°  2.72x10°  2.72x10°  4.85x10'
1 1000 60 3.60x10°  3.60x10°  3.60x10°  4.95x10’
3 1000 30 434x10°  4.34x10°  4.31x10°  1.64x10°
3 1000 45 1.62x10'  1.62x10"  1.62x10'  7.93x10°
3 1000 60 6.26x10'  6.30x10'  6.30x10'  3.31x10°
5 1000 30 8.97x10°  8.97x10°  8.97x10°  4.26x10°
5 1000 45 1.04x10°  1.05x10°  1.05x10°  5.58x10°
5 1000 60 8.27x10°  1.37x10°  2.12x107  1.81x10°
10 1000 30 1.31x10°  2.63x10°  2.65x10°  1.37x107
10 1000 45 0.82x10°  2.91x107  2.91x107  3.32x10°
10 1000 60 1.98x107  2.92x107  2.92x107  6.91x10°
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SUMMARY:

Stability studies have been carried out on the two candidate replacements for the current
International Reference Preparation (IRP) for smallpox vaccine. Stability at the recommended
storage temperature (-20°C) was good for both candidates and the current IRP ~ showing no loss
in activity over the course of 591 days. At higher temperatures, 37°C and 60°C, both candidates
showed equivalent losses of activity over a given time period — although both appeared to be less
stable than the current IRP. At 4°C there were small but consistent losses in activity after
treatment for periods up to 280 days. However, in the case of one of the candidates there was
some substantial loss after 342 days. For technical reasons it has not yet proven possible to treat
both of the candidates for the same amount of time. It is proposed to extend these stability
studies to confirm the above findings and to establish if both candidates show equivalent losses
over the same time period(s). It is therefore recommended that the current IRP be retained until a
candidate replacement is chosen.
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INTRODUCTION

Smallpox as an endemic infection was officially declared eradicated by the WHO in 1980.
Since that time the usage and production of smallpox vaccine, of which vaccinia virus is the
active component, has dramatically declined. However, the fact that reference stocks of smallpox
virus itself were kept after its official eradication and the possibility that it may emerge as a bio-
terrorist weapon has led to many Governments retaining vaccine stocks for emergency use. In
the light of recent world events, many Governments have reassessed their reserves of smallpox
vaccine and in many cases are promoting renewed production and licensing of the vaccine.
While the re-establishment of vaccine production is technically feasible and actually underway
in some countries, the availability of suitable reference materials for standardization and control
of smallpox vaccines are now in short supply.

The first International Reference Preparation for smallpox vaccine was established in
1963 from the Lister strain of vaccinia virus produced on the flanks of sheep'". At the time this
standard was established the requirement for potency for the vaccine was estimated from pock-
formation by titration on the chorio-allantoic membrane (CAM) of embryonated chicken eggs.
The 1965 WHO requirements for smallpox vaccine'® stated that “the number of pock forming
units in one ml of the undiluted vaccine shall be calculated. This number shall exceed 1x10%".

At the time that the International Reference Preparation was produced cell culture
systems were much less reliable than they are today. Indeed, while the “average strength” of the
International Reference Preparation is stated as “Pock count on chorio-allantoic membrane about
"10%4 per ml” the “LDs, in tissue culture” was given as “10*® per ml”. However, recent studies
conducted at NIBSC using cell plaque assays against vaccine materials also tested in CAM
assays have indicated much greater sensitivity for the cell culture methods than indicated above
and that, if properly validated, could be acceptable assays for potency.

The aims of the collaborative study completed in 2003 were therefore twofold. One, to
assess the relative sensitivity of different cell culture assay techniques and CAM assays for
determining the potency of smallpox vaccines. Two, to assess the suitability of two candidate
smallpox vaccines for the establishment of a new International Standard. The original study
involved thirteen laboratories from 10 countries and comprised samples of seven vaccines both
from existing stockpiles and from newly produced stocks. The samples represented a range of
strains, produced by a variety of methods and included the existing International Reference
Preparation (IRP). Laboratories were invited to carry out assays by the methods that would
normally be employed in that laboratory for smallpox vaccines. In total seven laboratories
elected to perform CAM assays, six plaque assays and six TCIDs; assays. Two laboratories
performed both CAM and plaque assay, 3 laboratories CAM and TCIDsg assays and one
laboratory performed plaque and TCIDsy assays. The results from the study were:

¢ Qverall, there were no substantial differences noted in the sensitivity of the assay methods -
although some samples performed better in the CAM assays than in the cell culture assays
and vice versa.

¢ The mean potency for the current IRP in the CAM assays was 8.16 (lower than the value of
8.4 log)o infectious units/ml previously assigned).

¢ The overall mean potency for the existing IRP in the plaque and TCIDsg assays was 7.83
logio pfu/ml and 7.74 log;o TCIDs¢/ml respectively.

® The overall mean potencies for Candidate #1 was 8.45, 8.48 and 8.68 log), infectious
units/ml in CAM, plaque and TCIDsq assays respectively
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e The overall mean potencies for Candidate Candidate #2 they were 7.27, 7.74 and 7.85 logyo
infectious units/ml in CAM, plaque and TCIDs, assays respectively.

At the time of completion of the original study the stability studies on the candidate
replacements had not been completed. Therefore the recommendation at the time of submission
of the report to ECBS was:

“On the basis of potency alone, both candidate replacements for the current IRP
would prove suitable. However, with demand for the current IRP being slower than
anticipated when the study was established in early 2002, we are proposing that we
await further data before proposing a replacement IS. The reasons for this are
several-fold:

1) The current IRP still has acceptable potency.

2) Current stocks of the IRP stand at 375 vials — more than sufficient for the next
12 months (requests for this IRP in the last 12 months have been dispatched to
less than 10 organizations)

3) One of the candidate replacements has been recently produced on the flanks of
calves. Adoption and modifications to TSE guidelines in several territories may
mean that this material is difficult for some organizations to import and/or use.

4)  Stability studies on the two candidates have still to be completed.

The proposal is therefore to delay the decision on the replacement IS until the ECBS
meeting of 2004 while additional data and opinion is garnered on the suitability of
the two candidate replacements for the current IRP.”

The current study was designed to ascertain two aspects of the stability of the Candidate
replacements for the IS:

1) Is the stability of the profile of the two candidates essentially the same and is this profile
any different from that of the current IS ? The accelerated stability studies were set-up to
answer this question.

2) As the degradation of vaccinia virus is unlikely to be a first-order reaction i.e. Arrhenius
kinetics do not apply, real-time stability studies at ~20°C were initiated to generate data
on the long-term stability of the two candidates (WHO, 1990).

STABILITY STUDIES
Materials and Methods

Three vaccines were used in the stability studies:

® Strain Lister. Country of origin, UK produced on the flanks of sheep in 1963 — the
current International Reference preparation (Vaccine #1)

» Strain Lister. Country of origin, Netherlands. Produced on the flanks of calves in 2002
(Original Study: Vaccine # 2). Candidate #1.

¢ Strain New York City Board of Health (NYCBH). Country of origin, USA - produced in
MRC-5 cells in 2002 (Vaccine #3). Candidate #2.

Baseline samples were stored at 20°C. Day 0 was taken as the day that assays were

completed in the original study. All samples were assayed using a plaque assay on Vero cells.
All assays were carried out at NIBSC.
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Samples were treated at three temperatures and exposed for times of up to 11 months. A
summary of the temperatures and exposure times are shown in Table 1. Problems with the
availability of Candidate #1 during the early part of the study has resulted in the asynchrony of
exposure at 4°c.

At each temperature/exposure time combination the treated samples (three vials) and
baseline samples (three vials) were assayed alongside each other. The only exception to this was
the 60°C/3 days treatment in which only two vials of each were assayed

Table 1.

Summary of temperatures and exposure times used in the current study. The shaded boxes
show the temperatures and times assessed to date.

Temp. 3 1 2 3 6 11" 24
days | month | months | months | months | months | months

+40C L P I W ST DI +(2)

+37°C "

+60°C |7

(1) Exposure times for the three samples are asynchronous at these times.
(2) Samples have been stored for future analysis at these times.

Results
Baseline Samples
Baseline samples stored at 20°C were assayed at 232, 326, 444 and 591 days after the start of

the study. The results of these assays are shown in Figure 1 A. Titres were also converted to
relative potency against the current IS — taking the assigned value for this in plaque assays to be
7.83 log infectious units/ml. These data are shown in Figure 1B.

Treatment at 60°C and 37°C
A single accelerated stability test at 60°C for 3 days was carried out. The data for this

temperature/exposure combination is shown in Table 2.

Table 2

Mean titres of samples exposed at 60°C for 3 days. The mean activity loss is also shown i.e.
titre of untreated — treated.

Sample Untreated Treated Mean Activity
60°C, 3 days Loss
logp pf/ml logo pfu/ml loge pfu/ml
(SD) (SD)
IRP 8.09 7.82 0.27
(0.05) (0.07)
Candidate #1 8.78 8.02 0.76
(0.06) (0.04)
Candidate #2 8.15 7.60 0.55
(0.04) (0.06)

The results from the exposures at 37°C are shown in Table 3. The result from the current
IS treated at 37°C for 96 days is interesting. Of the three vials that were assayed, two of them
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