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Mechanisms of Antigenic
Variation in Influeénza A Virus

L Antigenile shift < the acquisitian of-an- aritigenically
distingt hemagglutifiin (HA) with -6 wi
neyraminidase [NA} glycaprotein: observ
1957, and 1968.

Antigenic dift ~ the accuruldtion of missence
{point} mutations in the epitopes of the protective
antigenis; £.e.; the HA-and-NA glycoproteitis: — occurs
continuously-in-humans. :

STRATEGY FOR PRODUCTION OF A LIVE
ATTENUATED INFLUENZA VIRUS VACCINE

Virutent
Wild Type
Virug

Correlates of Immunity to Influenza A
Virus Infection in Humans

Immunity Mediated by Antibody
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The Major Concepts Underlying the Development
-of a Live Attenuatéd Influenza A or B Virus Vaccine:

1- Demonstration that the transfer of the 6 internal RNA

segments (those n6t'coding for the HA and NA' glycoprateins) from
an atteriuated donor strain to each new spidemic )
virus as it’ appears in the human popalition reproduc
| the néw reassortant virus a set of properties includi

a) Cold-adapted tempemure-sensnﬂve, and attenuntloﬁ phenotypes
ylevel of i

c) EfﬂcaCY

2. This dermonstration is sufficiently extensive to preciude the
need to test-each new vactine strain as itis generated each, year.
This latter concept is practiced for the currently licensed
nonliving virus vaccine.

ly confers on

Derlvatlon of thelnﬂuenza A/AA/6/6O
(H2N2) Cold Adapted Donor Virus

AARTEIS0 wild:type virus (isolated il PCKG)
“A:passage in'PCKC at36°C

passages 3:9 in PCKC at 23°C

_passages 17:23 In PCKC at25°C

] passages 24-30 by plaquing at 25°C in
I PCKC and 3 amplifications in eggs

|
1 passages 10-16 in PCKC at30°C
|

AJAAIBI60 cold adapted donor virus (PCKC30 -E3) and its 6/2
1 reassortants : - 5 phenotype

- ¢a phenotype
- att phenotype in ferréts
From Maassab etal Vidcine: 3 355-368, 1985

Mutaﬁons Fre§ent in the A/AA/6/60 ca Donor
Virus

" RNA Segment Coding Region Other region

“Mutation
ca

1  PB? ‘ Nass
2 PBL ian
N ES81G

A661T

3"™NCR K6I3E

L7159
Ty C

*NC THN
5" NCR -
Insert of A at 1550

7 M2 - AB6S

AISST

3 PA

6 NP

ts and ca Ph'endtypes of the
A/AA/6/60 (H2N2) ca Donor Virus

of A/AA/GE0-wt hiarent virus
% =7
o
3

93 o

ge 4 b

s § A/AAIQEO cadonor virys -

§ %,’, 8 ca phenotype

a0 .

2% .
T 58 ts phir:otype

TE -

5 s ] ‘

25°C 33°¢ 39°C

Note: Similar phenotypes are prasent in esch new y updated 6/2

8 NS
From Cox et. al. Virol, 167; 554 (1988). - 10 non-coding mutations not indicated.

Derivation of the Influenza B/AA/1/66
Cold Adapted Donor Virus

BIAAI1I66 wild type virus (isolated in' PCKC)
1:passage in PCKC at35°C

pa_ssages 2-4'hi PCKC at 33°C

passage 6 in PCKC:at25°C
1 7 plaque passages at 25°C in PCKS
and 3 amplifhatipns, in aggs
BIAAI166 cold adapted 'donor viruds (PCKC13,E3)
<8 phenotype
~ca phenotype
- att phenotype

..1
1 | passage§in PCKE at27°c
|

Uniique Mutations Present in the B/AA/1/66 ca Donor

Vlrus )
. Mutation
RNA chment Coding Reglon Other region
ca
1 PB2 S63N
2 PB1 1651V
3 PA v431svl4(;:"-_'ndm'
6 NP 3*NCR T
P410H
AS09T
C 18500
7 M | g
M2 Y

From Debarde at. 4l Virol, 163: 429 (1988). 104 nt differences between ca and wt viruses.
"= From Doniabedian at al Virol| 163;444-45%, 1




tsand ca’Phenotypés 6f the
B/AA/1/66 ca Donor Vlrus

BIAATIG6 wt

[ .

ca phi
BIAA/1/66 cu [

Virus titer (log10/ml)

a2 o o

25°C

33°C . 37°C

Note: Simillar phenotypes are présent in each new nndn-nloully updated 82 reassortant;
- Data from Massest et al, Opilons lor Cotrol of fuzens, 1998, z 72

~

Level of Attenuation of the B/AA/1766 ca Donor Virus

and its B/Texas/84 Reassortant Virus in Ferrets

BIAALIIGE wt BITexas/ad wt
€
5
.
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Q1
B0
2
=3 ] ;
s . BIAA/166 ca.. Bffgxas/84 <.
53 )
g3
s 3
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Summary of the Properties of the A/AA/6/60
ca Reassortant Viruses Evaluted in Humans

Attenuation Phenotype of the B/AA/1/84 Wt and ca
Reassortant Virus in Hamsters and Chimpanzees

Hamsters Chimpanzees
. (55155 Isolates=ts) 1373 Isolates=ts)
7| BIAANISE wt
Qg 8
. &
3
S8
i1
5
B BIAANBca
Sat l
E ¢
Eg 5 2.7
$0 !
Q3
L
1 . ,
= log,, fatd reduction 10 titer ungs. Nose Tractieal lavage

Turbmates Data from Sayder ot s, JID 160:604; 1589

Property lim:lntﬂ

Results

. Atetuation
2 infectivity
1 Gerieue Stability
4. Pransoussibilly

5. Efficacy or Immunogenicity
d. fntants wnd youtig chubdren

b Youog adults
o Elderly adulis

Highli deven for 2
FOROTCHDs0 needed for alt ages
rsdnd o phenotype stable

Poorly transimissible

Viery immumagenic

© Live = indctivited

€y Live - weakly immonogenic
by Live plus insclivited is mose
efficacious than inactivated alone
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Level of Reptication (Surrogate of Attenuation) of B/AA/1/66 ca
Reassortants In Adults and Children

: Mean peak titer of virus
ca orwt \

reassortant yv fLng TCIDg/mi)
virus ults Children
- wt ca
B/Texas/1/84 -, 20 08 3.0
BIAATIIS6 : 40 0.8 3.4;3.1%
B/Yamagata/16/88 NT 1.1 NT

*Two separate studies. ~ NT = not tested
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Genetic
Determinants
of Attenuation;

IDENTIFICATION OF GENES IN AN ATTENUATED INFLUENZA A DONOR VIkUS
‘AESPONSIBLE FOR CHARACTERISTIC PHENGTYPES
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DOSE {TCIDsy/volunteer) OF A/ALASKA/T?
COLD-ADAPTED REASSORTANT
VIRUS ADMINISTERED

Infechvuy of AIANGT60 6-2 Géne Reassorlant
Vlruses in Adults.and Pediattic Subjects

i " Hutan infectious Dcse;., i
. . flog;s TCID,
. Lold- Adamed 3 Surface fotis od !
ant Virus yeopratelr N Pediatric
. Adults? Sishjects”
AMergKorgrrr | RN 50 -
AChlforin/7g HiNg 61 35
- AfTexas/s “HiINt 49 -
A awasakiigs . HiNy - 29
: 1 Mean'537]  pemn 32
g Alplaskal??, 1 RN .56 -
A T AReking7S g HaNZ 50 -
¥ AWashingtorvag HINZ' - 60 —
AlKoreass2 H3aN2 b 46
A/Bethesdu/as HaNg 84 44
1 Mear 571 Masin 45

¥ antibody tidrs of 418

Infectivity of Influenza B/AA/1/66 ca Reassortant .

Viruses for Adults and Children

ca Human infectious doses,
reassortant . .
virus Adults Children
o T -
BiTexas/84 1084 1045
BIAA/BE 1084 1025
*a data did nét Incluile viris Sheddiig

Keitel'et al; JID 161:22,1990; - Edwards etal, JID 163:740,1991

”Fad-gmc sm}e:ﬂ w:nm ln‘ 5-anl: clﬂmgn 6 months 10 3 ynm of age who' ware

Safety and Level of
Virus Replication

Clements et al,JID 161:869,4990; Anderson etal, Jchcru 30:2230, 1992

(a) Genetic Stability
(b) Transmissibility

Methods to Evaluate the Level of Stability of

the Attenuation Phenotype of a Candidate

Vaccine Virus
1- Detaermine the genetic bas1s of attenualion.(atf).
2- Idenlify surfogate markers of attenuation; eg., £5 pheriotype.

Ta Methods to examing alterations in the attenuation: phenotype of

virus present in original NP wash specirriens or In an isolate:

a) examine. surrogate matkers of attenuation phénotype,

b) adrminister virus exhibiting altered phenotype to animals
oradult humansto-assess effect of mutation o att,

¢) deterniine nucleofide sequence of the modified virus, -

‘d) estimate frequency of occurence of modified vaccine
virus, no..of vaccinées with modified vifus/no. tested
and-% virus i specimen with: thutatioh,

GENE'NC STABILITY OF COLD-ADAPTED REASSORTANT VIRUSES AFTER
- REPLICATION IN MAN

. Nutnber % with
Wi ine " of inchcate
1A et NA o wid Vokaoers nalates ok
g)mos o [P ad b
HJNZ 1072 o o Aitdta | 100 100
Ny sen 6 0 Aduits 16 100 100
' Cliktrun® 29 wotisted | 1001
HINL 1977 [ ] Achilts 6 100 0w
Claktren 84 not tostud 106
WaN2 19 4 NS Adubs " (3] 100
HiNe 1917 5 - N Addotis 3 100 100
fvma e s B oM 1 Ade ) W "0
HIND - 1975 5 P Aduits 8 {83 108

Voluiosrs were aot previowshy mieciod with s infkmnza A vitie Containiig a0 u\mumobwcuﬁv related
hemagighatitin,

INinsty of thee 63 mukates phideent i 39°C, vomp« Mot Fon Smsistawziny viers, but wine il least
HUHOKT eatrictest oripined 1 i 2T Devnsive Wimpiitative £A4GY

10012 rom Dr. Poter Whightil, Vanchnbift Univtsity, Risdiviile, Tofwersee,




B/AA/B6 ca 6/2 Reassortants Retain the ts
Phenotype after Replication in-Adults and Childrer]

"No.* testedino, with-

1 B/AA

ca rea.ssonant - phenctype
virus
, _ ca - s -
BiTexas/ /84 ~103/103  ~103/103
B/AA/1/86 202/202 202/202
B/Yamagata/16/88 Nottested” 212
BAN/IOA 1010 1010 .
‘= includes elther an‘isolate or an original NP specimen. Data
from 7 separate studes, - - -

-

FAILURE OF COLD-ADAPTED INFLUENZA A REASSORTANT VIRUS 70O
ACTS

SPHEAD ‘FROM INFE To
~GOLD-ADAPTED >DOSE [ NUMBER OF NUMBER.OF
-|. \NFLUENZA A VIRUS. INFECTED CONTACTS® [
REASSORTANT . . (TCIDg “'VACCINEES - [ INFECTED/NUMSER
VIRUE . . EXPOSED |
| ATHONG KONG/7? 1HINY 1078 10 o4
. | ArcavFoRmALz M) 1 2 014
AIWASHINGTON/BO {HaNzI 1070 % 0ir
SETTING FOR NINE BAYS AFTER

ONTALY: TOGETHER WATH
ADMIMSTAATION OF AEASSONTANT VIS T0 THE VACERVEES.

Stability of the Attenuation Phenotype of B/Texas/1/84 ca

Reassortant Viras-in Immunésuppressed Hamsters -

- Nasal Tufbinates

NG

| ‘Lings

Mean ievelof replication {log:10
TCIDs/miyonday2™

o v

1784wt Uﬁpassage& .

Bitd trom Snyitac ol 160,804, 7509 - ﬁ) AATTBY o,

Conclusions on Genetic Stability

The influenza A/AAJ6/60 and the influenza -
B/AA/1186 ca reassortants are satisfactorily

~ and reproducibly phenotypically stable in animals -

and humans.

Efficacy

(a) Adults — Wild-Type
~ Challenge
(b) Pediatric Subjects —
Attenuated Virus
Challenge
(c). Seronegatives and
Seropositives

Cold. A Viruses Are Protective

d-Adap!
in-Seronegative-Aduit Agalnst
Challenge with' Homotogous Wild Type Virus
1 Approximate ]
m#z g . No. of m.;"\‘?.fi’ Between | Heduction | Against
Veocine | Surfiked | Volun: | Immitnization nVius | Systemic
Used | Antigen | fesrs | end Chalionge (y) | Shedding | lliness
AMKAT-ca | HING | 22 02 o | e
Nons. 15 02 L
1A HiNt | 18 [ 41 8
Mo i8 05 8 &7
None 15 08 - -
AToxBS-ca £ HING | 20 02 @ 100
thact .16 02 a6 160
Hone 2 o2 s Sl
fashiso-ce | HINE | 16 02 8 100
i 18 02 2 6
Nore 24 02 - =
Arviasivgoiox | HINZ |- 16 o5 15 109
inact H 16 08 18 st
None 08 o -
ABothas-ca [ HINZ | 11 02 5 100
Nooo 16 02 -




Cold-Adapted Influenza A Reassortant Viruses Are Highly
Protective in Seronegative. Chiidren Against Experimental |
Challenge with Homologous ca Inﬂuenza Virus Challenge’

Hi N1 ar . Appmximata k Percent

HIN2 cg No. of Imervél Belweert | Shedding Heducﬁon
Vaccine. | Surface:f Volun- Unizatior; cm\llenge In.Virgs. 4
Used Antigen'} teers and Chnllenge () Sneddlng 3

A/Calﬂaca HING | 15 05 ) 0o

None 4 81 05 61

Ao | HINA 9 0.1-09 0 100
Norie - 17 0.1<0.9 41

A/Wash/Bd -] HINZ 13 . 10 45" 54 7
Iriact { 1.0 84 6
Cantrol 19 ) L1

ABetvas FUHANZ |0 | 0.2 o | too
Control 12 02 e Y

EFFICACY OF LIVE ATTENUATED, COLD-ADAPTED,
TRIVALENT, INTRANASAL INFLUENZA VIRUS VACCINE
IN.CHILDREN

1 Virus vaccine tested | % Effikcacy
finfluenza A(H3NZ2) 96
|Influenza B ) 91

'N=849 for vaccmees and 410 for controls- data for
‘Ltwo ‘doses.

|| Data- from Belshe et al, NEJM,338:1405-12,1998.

Combined Use of Live Attenugited ca Reassartant Vaccine
Plus Inactivated Virus-Vaceine Indisces Greater Reslstance
to H3N2 Influenza A-Virus in Elderly Adults Than

Inactivated Virus Vacclne Alone*

Yqur of
Sludy and Percent Psicent
Sublype-df with litness | Protaction
Epidermic Number | Causedby | In Comblned
Vagcine ~Intlusnza’A of Influnza Vaccine
Administered  Vius Subjects. { * A Virus Group
Indot 1087 -1z [ 55 ot
Inget +-Live {HBN2-85} - 52 38 58
Inaat  l1o8g-riaN2 | 39 205
Inagt + Live {HINZ-87) 3% 85 59 -
1089 Hanz | 78 e |-
lmcl + I vve (H:WZ-87) \ 75 53 84

*Date ok Treanor-ef af, 1992
t

Etficacy of Live, Cold-Adapted Reassortant Influenza Vascines *

Nuinier of Heassortant Vaccirie Virusas.

Desired Propenty Demoristeating
. . Evaluated Indicated Property:
Satety - 11 1
Iitectivity 1 1
Imemunogenicity . 1t 1
Pmmd‘n‘é:mu%"k’?giﬂ\gma cnauange g g
Ganatic Stabllity 8 8
Transmissibility 4 rs

Low Reactogenicity 10 T

A}
Optima § of Intluenza
. Varles wnth Populaﬂon At Risk
Target “CHofc# of; Sehetie of
Populations { Vaggine. Beasonfor Cholie Immunlzullun
irifarits and “Live anafy Ineriunization wuh A¥inlants <28 4
--children-54. Ve virus vaccine i move. or 8 months
years of age immdnogeriic Induclig )
Nigher seruii aind seicralory i Children - anniuat
ibeidies than i in
Inactivited virus vaccing'in ~alt
‘saroriegative subjecls .
Olderchiidren. Live Emcacy otlive virus’ vnwm! “Annigat
and tigalthy- i i
adulis <65 than lnlcllvuled Vlms 1all
ydars of age vaiccine; bulTive virg:
i | vaccine ls better| lnlmlwd .
Elderly (286 -] Liva.and Livo prus nectivated vins | - Aopuat
yodrs of ugh) [: Inactivated - mora immiini in
X 'immmmgsnk:and tall.*
- officaciais than nactivated,
vitus vacting afond

Introduction of Animal or Avian Influenza A
Virus Genes into the Human Populatlon
I - Pandemic Influenza

1- HINI in' 1918 = Origin uncertain
2- H2N2 in 1957 - Avian-human reassortant

3- H3N2:in 1968 - Avian-human reassortant




Origin of the Genes in Pandemic
Influenza A Viruses
1918 1957 1968

pe2[ ]

paz[]

Avian
Infiienza A
Virus #1

- Avian
Influenza A
Virus #2

H1NT 1950 ‘H2NZ HaNz2

Introductlon of Ammal or Av1an Inﬂuenza A

Virus Genes into the Human Population
11 - Other Natural Introductions

1= HIN1 from: Swine - 1976 and ongoing

2-'H1N1 genes from birds in a human H3N2 coat
{via pigs) in 1993

8- HZN7 aviah virus from.pet-ducks in 1996
4~ HBN1 from:market birds in 1997
5-HIN2 from market birds in 1999

Consequences of the Introduction of Elu’
Viruses Bearing Novel Glycoproteins
' Consequence Type of

Virus year to-individual Epidemic
HINT  1918-Spanish Severe Pandemic
H2N2 1957-Asian Severe Pandemic
H3N2 . 1968-Horig Kong Severe Pandemic
HIN1  1976-Swire ~  Severe Abortive
HINT  1977-Ruissian Moderate Epidemic
H7N7 1996 Moderate Abortive
HENT  1997-Bitd Severe Abortive
HON2 1999 Moderate Abortive

Introduction of Animal or Avian Influenza A
Virus Genes into the Human Population

1I - Other Natural Introductions

Introduction of Animal or Avian Influenza A
Virus‘Genes into the Human Population -
III\ From Laboratory ot Experimental Studies

i A1—:H1N1 from. 1950 human strain < 1977 “Russian Fli®
- 2H7NT avian virus from birds via seals in 1980

3« Direct introduction
a) Vaccing de velopment (Snyder et al, 1986;
Clements &t al; 1992)
b) Beare - infectivity and i imminogenicity
assessment {1991y

| peaf ]

‘Reassortment between Circulating
Human Influenza A Viruses

1978-79-(Bean et al)

Pez_]

pefl_1.
H1 )
Nt
ne [}
M ]

o]
HiN1

PB1 :
pA [
(]

1989 (Guo)
rozBl  Pe2BEY
PB1§ o1
PA PA

H1 H3

N2 N2

NP NP

M M

NS NS

H1N2

H3N2




Reassortment between Circulating
Human Influenza A Viruses

] JEE ]
HiNI  HIN HINT

Consequences of the Generation of Influenza
Viruses Bearing Mixed Internal Genes From
H1Nt and H3N2 Human Viruses

1+ Transient eirculation of the viruses inthe. -
popilation; No apparent epidemiological
advantage.

2~ Illness comparable to thatof sither HIN1 or
H3N2 parehts.

+No known adverse consequence despite
" goscirculation-of H1N1 and H3N2 viruses
for 24 years.

What are the Consequences of the .
Introduction of Genes Present in the ca
Influenza A Virus Vaceines into the Human |
Population?

1- Consequences of reassortment with
circulating human influenza viruses?

2- Consequences of reassortment with
animal-or avian influenza viruses?

Origins of Genes in Currently Cnrculatmg
Wild Type Influenza A Viruses and in ca
Vaccine Viruses

ca reassortant
vaccine viruses

Currently circulating ca donor
wild type viruses virus

pe2l_| PBZD Psa[:]

PRI ]
PA
Ha [ ]

1888

Lskely Consequences of the Generat;on of Viruses
Bearing Mixed Internal Genes From.Influenza A or B
ca and Wild Type Vituses

1- Transient circulation of the viruses in the
-population. Same for both-A and B viruses.

2-lliness comparable to that'of H1N1,
H3N2, or Influenza Bwild type virus .

No known adverse consequence seen during
co-Circulation-of H1N1:and H3N2 vituses
for 24 years.

Are there Unique Consequences for the Generation of

Reassortant Influenza Viruses Bearing New HA or NA

Genes from Avian or Animal Viruses and one or more
ca Genes?

Answer:

Both circulating influenza A wild type viruses and ca
vaccine viruses could generate reassortants. Nothing:
uhique about the ca virus vaccines in this regard.




Chance for Generation'of a Reassortant Influenza Virus

Bearing New HA or NA Genes from an Avian or Animal
Influenza Virus Might be Less Likely forca Vaccine Viruses
than for Wild Type Viruses for Several Reasons

1 - ca vitus is poorly transmissible and unlikely to
transmit to an avianor animal host, -Reassortment
“likely would be restricted o occur imhémans.

2- ¢4 vitus is present in lower titer and for a shorter
duration. in vaccinees which-décreases the
opportunity for reassortment to oceur inhumans,

3- At least 50% of reassortants will have an attenuating
ca-gene (ie,, the ca PB2, PB1, or PA.gens).

Use of ca Vaccine at Time of
2 ’Po,.ssiblé Pa'ndemic

virus since the smallrisk of its reassonment with current
stains of human H1 or H3'Wild type virus is balanced

by the sighificant benefit of the protection achleved by
use-of the vaccme

2-Doriotuse ca vaccme bearing nove! glycoproteins in context
‘ of ani abortive epldemlc {eg: swine'influgnza epidemic
it 1976) since it Could give rise to'a pandermic virus via
reassortment w-th cwculatlng H1 or H3 wild type vuruses
ovel'HA a

Conclusions

1- The influenza A and B ca reassortants are phenotyplcally
stable following replication in vivo.

2-Thie ca reassortants viruses will reassort with wild type
“hman viruses, but ikely with lower frequency
than that which occurs between human viruses.

3- The ca reassortants are less likely than wild type viruses to
reassort with animal and avian viruses

4-The consequences of reassortment for ca and wild type
viruses. are similar - nothing unique-about the ca viruses




