


Mechanisms af Antigenic 
Variation in Influenza A Virus 
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I. Antigenlo shift - the LcqtMion of ad antigenically 

distinct hemagglutinin (HA) with or without a new 
neuraminid%e INA) glycoproteint observe&in 1918, 
1957, and l96S. 

II. Antigenic drift - the accumulation of misssnce 
(point) mutations irl the Bpitdpes Of the protective 
antigens, i.e., the HA and NFi glycoprdteins - OCCUIS 
continuously In humans. 
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Correlates of Immunity to infillenza A 
Virus Infection in Humans 
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The Major Concepts Underlying the Develepmen 
of a Live Attenuated Influenza A or B Virus Vaccini 

I- Demonstration that the transfer of the 6 internal RNA 
segments (those ndt coding for the HA and N& glycoprotains) from 
an attenuated donor strain to each new epidemic 
virus as it appears In the human population reprotiucibly confers 01 
the n&i rsassotint virus a sat of prdperties indltidlng: 

a) Cold-adapted, tempe’kiue-sensitiva. and attenuation phenotypes 
b) A satiqfaclory level of attenuation in humans 
c) Efficacy 

2. This demonstration is sufficiently extensive to preclude the 
need to test each new vaccine strain as it is generated each year. 
This latter concept is’ practiced for the currently licensed 
non‘llving Virus vaccine. 

ts and cu Phenotypes of the 
A/AA/@/60 (IQNZ) ca Donor Virus 

A A/AA&‘60 wt bYent rims 

Derivatioi of the Irgfluenza A/AA/~/&I 
(H2N2) Cold Adapted Donor Virus 

8Jk!l6@ wild type virus (Isolated iii PCKC) 

1 1 pamx,8 in PCKC at26’C 

1 p~~ar2er3AhPCKCat2,~C 

/ passage% 10-16 in PCKC at2o’C 

1 passages 17-23 In PCKC,.WC 

,x.rrager 2440 by plaqu,na at 26-C in 
PCKC nnd 3 anpliflcationr in eggs 

AIAA&q6;160 cold adapted donor virus (PCKCSO, 83) and its 612 
rels.aortants * ts phenotype 

- ca phenotype 
- atf phenotype in ferrets 

FmiMaassab dal. Vaccine 3: 355-268, ,985 

Derivation of the Ir$luenza B/AM/66 
CGd Adapted Donor Virus 

B/AL+66 w6tl type virus (isolated In PCKC) 
1 l.par~ageln PCKC at26% 

f 

@usages 24 in PCKC at 23% 

pamagb 5 in PCKC at27C 

1 pssugs6 in PCKC &WC 

1 7 fylw~,“,;“~y.~$Kc 

B/&W66 cold adapted ddnor viius (PCKC13,E3) 
-is phenotype 
- ca phenotype 
- an phenotype 
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Mutations Present in the AIAAHN ca Donor 
Virus 

RNA Segment Coding Region Other region 
Mutation 
WI co 
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IS and ca Phenotypes of the 
B/AA/l/66 ca Donor Virlis 

Level of Attenuation of the BlAAl1’166 CQ Donor Virt 
and its B/Texas/84 Reassortant Virus in Ferrets 

Menuation Phenotype of the B/AA/l/84 Wt and cl 
Reassortant Virus in Hamsters and Chimpanzees 

Hamsters Chimpanzees 

Level of Replication (Surrogate of Attenuation) of E/AA/l/66 ca 
Reassortants in Adults and Children 

caorwt 
reassortant 

virus 

Mean peak titer of virus 

WS,~ TCQW 
Adults 

Children 
WI ccl 

B/Texas/l/84 ) 2.0 0,s 3.0 

BlA‘w86 4.0 0.8 3.4; 3.1* 

BPl’amagatsll6/88 NT 1.1 NT 

l Two separate studies. NT = not tested 



Genetic 
Determinants 
of Attenuation 
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Safety and Level of 
Virus Replication 

(a)’ Genetic Stability 
(b) Transmissibility 

tiethods to Evaluate the Level of Stability of 
the, Attenuation Phenotype of a Candidate 

Vaccine Virus 
I- Determine the geneb basis of attenuation (aft), 
2- lderitify surrogate markers of attenuation, eg.. fs phenotype. 
bMett&-Js to examine alterations in the attenuation phenotype of 

virus present in original NP wash specimens or in an isolate: 
a) exanikie surrogate markers of attenuatibn phenotype, 
b) ed&nister virus exhibiting altered phenotype to animals 

or adult huinans to assess effect of mutation on att. 
c) determine nucleotide sequence of the modified virus, 
d) estimate frequency of occurrence of modified vaccine 

virus, no. sf vaccinees with modiiQ vttuslno. tested 
and % virus in~spebknimin With muiatioh. 
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I Infectivity of Influenza B/AM I66 ca Reassortani 
Viruses for Adults and Children 

I r I 

I 
ca . 

reassortant 
Human tnfectlous dose,, 

virus ’ Adults Children 
/ / 

I 1 BiTexas/8{ 1 105.4 I I 104.5 

I t I I 4 
1 1~1~86 ( 105.4’ 1 102.5 / 



B/AA/66 ca 612 Reassortants Retain the fs 
henotype after Replication in Adults and Childn 

ca reassortant 
virus 

No.* tested/no. with 
phenotype 

ca ts 

BITexastl t84 -103t103 -103/103 

BtAAW6 2021202 2027202 

BNamagata/l6t88 Not tested 2t2 

Reassortant Virus in Immundsuppressed Hamsters 

Eff icaqt 
‘(a) Adults -Wild-Type 

Challenge 
(b) Peciiatrlc Subjects - 

Attenuated Virus 
Challenge 

(c) Seronegatives and 
Seropositives 

Conclusions on Genetic Stability 

The influenza A/AAi6/60 and the influenza 
BlAPW66 ca reassortants are satisfactorily 
and reproducibly phenotypically stable in animals 
and humans. 
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Cold-AdapteU Influenza A Reassorlant Viruses Are Highly 
Protective in Feronegatlve. Children Against Experimental 
Challenge with Homologous oalnflknza Virus Challenge 

Elficacy of Live, Cold-Adapted Rea~~~rtanl lnauenta vacc,nes 

EFFICACY OF LIVE ATTENUATED, COLD-ADAPTED, 
TRIVALEN’T, INTRANASAL INFLUENZA VIRUS VACCINE 

IN CHILDREN 

two doses.- 
D&a fi0m Eielshe et al, f$JM,338:1405-12,1996. 

ntroduction of Animal or Avian Influenza I 
Virus Genes into the Human Population 

I - Pandemic Influenza 

I- HINI in 1918 -Origin uncertain 

2- H2N2 in 1957 - Avian-human reassortant 

3- H3N2 in 1968 - Avian-human reassortant 
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Origin of the Genes in Pandemic 
Influenza A Viruses 

1916 1957 1968 1977 
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Intw$&iiam of Animal or Avian Influenza-A I 
Virus Genes into the Human Population 

Cofisequences of the lntr@uction of Flu 
Viruses Bearing Novel G&oproteins 
Virus year Consequence 

to individual 
Type of. 

Epidemic 
HlNl 191%Spanish Severe Pandemic 
H2N2 1957-Asian Severe Pandemic 
H3N2 196%Hong Kong Severe Pandemic 
HlNl 1976-Swine Severe Abortive 
HINI 1977-Russian Moderate Epidemic 
H7N7 1996 Moderate Abortive 
HBNI 1997-Bird Severe Abortive 
H9N2 1999 Moderate Abortive 

II - Other Natural Introductions 

I- HlNl from Swine - 1976 and ongoing 

2- Ml Nl genes from birds in a human H3N2 coat 
(Wia pig’s) in 1993 

3- H7N7 aviah virus froth.pet ducks in 1996 

4- H5Nl from market birds in 1997 

5- H9N2 from market birds in 1999 
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Introduction of Animal or Avian Influenza A 
VirusGenes- into the~Human Population 

IN - From Laboratorv or Exuerimental Studies 
- .I-&IN1 from 1950 human strain - 1977 “Russian Flu” 

2- H7N7 avian virus from birds via seals in 1980 

3- Direct introduction 
a) Vaccine development (Snyder Q al, 1986; 

ClFments et al, 1992) 
b) Beare - infectivity end immOnogeilicity 

assessment (1991) 
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Introduction of Animal or Avian Influenza A 
Virus Genes into the Human Population 

II - Other Natural Introductions 

HINI 
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swine 

H3N2 
??? 72-f 

birds 
2%’ 
birds 
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Reassortment between Circulating 
Human Influenza A Viruses 
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Origins of Genes in Currently Circulating 
Wild Type Influenza A Viruses and in ca 

Vaccine Viruses 
Currently circulating ca donor ca reassortant 

wild type viruses Virus vaccine viruses 

Consequences of the Generation of influenza 
Viruses Bearing @xed’lnternal Genes From 

H.1 til- atid H3N2 Human Viruses 

12 Transient circulafion of the viruses in the 
population. No apparent epidemiological 
advantage. 

Z- illness comparable to that of either HINI or 
H3N2 parehts. 

.+.No known adverse consequence despite 
co-circulation of HIN1. and H3kJ2 viruses 
for 24 years. 

Likely Consequences qf the Generation of Viruses 
Bearing Mixed Internal Genes From Influenza A or B 

ca and Wild Type Viruses 

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

2- Illness comparable to that’of HINI, 
H3N2, or Influenza I3 wild type virus, 

No known adverse consequence seen during 
co-circulation of HlMlsnd X3N2 viruses 
for 24 ye&. 

What are the Consequences of the 
Introduction of Genes Present in the ca 

Influenza A Virus Vaccines into the Human 
Population? 

I- Consequences of reassortment with 
circulating human influenza viruses? 

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

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 

,nswer: 
Both circulating influenza A wild type viruses and ca 
vaccine viruses could generate reassortants. Nothing 
unique about the ca virus vaccines in this regard. 
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Chance for Generation of a Reassortant Influenza Virus 
Bearing New HA or NA Genes from an Avian or Animal 

than for Wild Type Viruses for Several Reasons 

Use of ca Vaccine at Time of 
Possible Pandemic 

I- In the face of a unequivocal pandemic. ca vaccine can 
be’intioduced~intc p6ptil4ticti in advatice of the pandemic 

1 - ca virus is poorly transmissible and unlikely to virus since the small risk of its reassonment with current 
transmit to an avian or animal host. Reassortment stains of human&t1 or t-&wild type vkus is balanced 
likely would be restricted to occur in humans. by the significant benefit of lbe protection achieved by 

use of the vadcine. 
2- ca virus is present in lower titer and for a shorter 2- Do not use ca vaccine bearing novel glycoproteins in context 

duration in vaccinees which decreases the of cn abortive epidemic (eg,, swfne influenza epidemic 
opportunity for reassoitment to occur in humans. in fQ?Q) since ii coutd give dse to a pandemic virus via 

reasscrtment with circulating H.1 or H3 wild type viruses 
3-At least 50% of reassortants will have an attenuating (nbv&lA and NX frbm Cs vaccine and wildtype internal 

ca gene (ie., the ce PB2, PBT, or PA gene). genes). 
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Conclusions 

l- Tne intluenza A and B ca reassortants are phenotypically 
stable following replication in viva. 

2- The ca reassortants viruses will reassert with wild type 
human viruses, but likely with tower frequency 
than that which occurs between human viruses. 

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

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