
o f fertile hens ' e g g s , and the ease o f this 

t echn ique , c o m b i n e d wi th the impor t ance 

o f the disease, has m a d e the inf luenza 

virus a mos t intensively studied organism. 

T h e virus, spread th rough sneez ing and 

c o u g h i n g , enters the nasal passages and 

penetrates the cel ls o f the respiratory tract. 

W i t h i n a day or t w o the afflicted individ

ual beg ins to expe r i ence the first hint o f 

the disease . I n about two-thirds o f cases 

the onse t is sudden , the first s y m p t o m s 

b e i n g a headache , ch i l l s or fevers, and a 

general fee l ing o f i l lness . I n the space o f 

a f ew hours the b o d y temperature rises to 

3 9 ° C and s o m e t i m e s h igher , and a short , 

dry c o u g h — o n e o f the m o s t regular fea

tures — beg ins . 

A b o u t 5 0 % o f suf ferers e x p e r i e n c e 

sneez ing , nasal b l o c k a g e and d i scharge , 

and a sore throat, a l t hough these symp

t o m s are s e l d o m p rominen t . M a n y have 

m u s c l e aches and painful jo in ts , and often 

pa infu l and watery eyes . O c c a s i o n a l l y 

nausea and v o m i t i n g o c c u r , but diarrhoea 

is rare. 

I n its c lass ic fo rm, the fever lasts for 3 

days, but durat ion may vary f rom 1 to 6 

days. Bu t that is no t the e n d — the c o u g h , 

lassi tude, and a depressed fee l ing may l in

ger o n for w e e k s . I f the h i g h temperature 

persists it p robab ly indicates secondary 

c o m p l i c a t i o n s . 

There can be little doubt that the influenza virus is the 
most successful virus on this planet. It has been causing 
misery and death for all mankind, at least since the be
ginning of recorded history and probably for much 
longer. To date, all attempts to control it have failed, 
and it has been aptly described as 'the last great plague'. 

T h e unpredic tab le onse t o f inf luenza 

wi th in coun t r i e s and ci t ies and its rapid 

spread def ied explana t ion for m a n y years. 

I n fact, the n a m e ' inf luenza ' is der ived 

f rom o n e early explanatory attempt: 14th 

Century his torians in the Ital ian t o w n o f 

F l o r e n c e attributed the outbreak o f the 

disease to an unusua l c o n j u g a t i o n o f the 

planets — or planetary ' in f luence ' — and 

this name has persisted over the centuries. 

T h e cont roversy over the cause o f fresh 

outbreaks o f the flu persists to this day. 

R e c e n t l y the o l d 'p lanetary i n f l u e n c e ' 

theory re-surfaced in a n e w f o r m wi th the 

quite serious suggest ion by Professor Fred 

H o y l e and a co l labora tor , Professor C h a n 

dra W i c k r a m a s i n g h e , that me teor s h o w 

ers in t roduce n e w gene t ic material f rom 

d e e p space in to the flu virus. H o w e v e r , as 

wi l l b e s h o w n in the f o l l o w i n g pages , re

cen t research in a n u m b e r o f coun t r i es , 

i nc lud ing Australia, suggests strongly that 

the interact ion be tween m a n and his m o s t 

persistent virus is a m o d e r n e x a m p l e o f 

evo lu t i on in ac t ion , and the erratic nature 

and o c c u r r e n c e o f the virus has a very 

down-to-ear th explanat ion . 

Cause and course of the disease 

O n l y in 1933 was a virus identif ied as the 

cause . S o o n afterwards, scientists f o u n d 

that it c o u l d b e g r o w n o n the e m b r y o sac 

Migratory terns also suffer from the flu 
and can spread it on their travels. 

A typical f lu e p i d e m i c m a y afflict any

where be tween 1 0 % and 4 0 % o f the p o p u 

l a t i o n w i t h t h e s e s y m p t o m s . B u t t he 

p e o p l e w h o d o n ' t b e c o m e i l l d o n ' t n e c e s 

sarily escape in fec t ion — they m a y be in

fected, w i thou t b e c o m i n g i l l o r suffering 

m o r e than m i n o r i n c o n v e n i e n c e . Surveys 

indica te that these subc l in ica l in fec t ions 

c o m m o n l y n u m b e r about the same as the 

c l i n i ca l cases . T h e reason w h y they o c c u r 

remains uncer ta in , but it is thought that 

s o m e peop le have a partial immuni ty wh i l e 

others d o n ' t rece ive an effective d o s e o f 

the virus; s u c h apparently i n n o c u o u s in

f ec t i ons are par t icular ly impor tan t b e 

cause they h e l p spread the disease . 
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A turkey with a bad 
case o f sinusitis 
caused by the flu 
virus. T h e flock also 
is infected. 



Deaths in England and Wales from 
influenza and influenza-associated 
diseases. Arrows mark the times when 
antigenic shift occurred. 

Influenza has a marked 
economic impact on our 
societies. 

Death and dollars 

W h i l e the great majori ty o f p e o p l e qu i ck ly 

r ecove r f rom their b o u t w i th the inf luenza 

virus , a smal l percentage (anywhere b e 

tween 5 and 10%) d e v e l o p bronch i t i s or 

p n e u m o n i a . S o m e t i m e s the v i rus c a n 

cause p n e u m o n i a direct ly, but this is e x 

t remely rare and the l u n g p r o b l e m s that 

arise are usual ly secondary p h e n o m e n a 

due to in fec t ious bacteria f o l l o w i n g i n the 

path o f the virus. 

M o d e r n ant ib iot ics and c o m p e t e n t h o s 

pitalization s o o n clear u p these secondary 

c o m p l i c a t i o n s , but in earlier days the ap

pearance o f p n e u m o n i a , particularly in 

the very y o u n g or o l d , often meant a death 

sen tence . Af f l i c t ed indiv iduals l i terally 

d r o w n e d in the f luids that c o n g e s t e d their 

infected l u n g s . 

A n d the death rate c o u l d b e s taggering. 

T h e 1 9 1 8 - 1 9 inf luenza outbreak w a s o n e 

o f the m o s t destructive e p i d e m i c s in his

tory, ranking a longs ide the B l a c k D e a t h 

o f the 17th Century . A l t h o u g h m o s t o f 

those infected suffered o n l y the usual 3 -5 

days' i l lness , about 2 0 % o f cases deve l 

o p e d primary viral p n e u m o n i a and hal f o f 

these d ied W o r l d - w i d e , at least 2 0 m i l l i o n 

p e o p l e per i shed dur ing this outbreak and 

s o m e estimates p lace the n u m b e r o f deaths 

at 4 0 m i l l i o n . I n c o m p a r i s o n , o n l y 8•5 

m i l l i o n soldiers d ied dur ing W o r l d W a r I . 

Y e t , even t h o u g h m o d e r n m e d i c i n e has 

r educed the fatal c o n s e q u e n c e s o f s e c o n d 

ary c o m p l i c a t i o n s , inf luenza still has a 

marked e c o n o m i c impact o n our societ ies . 

Apar t f rom the disrupt ion o f gove rnmen t , 

indust ry , and c o m m e r c e , hosp i t a l and 

m e d i c a l cos t s c a n b e very h i g h . D u r i n g 

the 1968 outbreak o f the H o n g K o n g flu, 

the Uni t ed States gove rnmen t spent $225 

m i l l i o n just in p rov id ing M e d i c a r e aid to 

o l d p e o p l e suffering f rom inf luenza. I n 

total, the D e p a r t m e n t o f Hea l t h , E d u 

ca t ion and Welfare est imated that the o n e 

flu e p i d e m i c cos t the A m e r i c a n e c o n o m y 

$4600 m i l l i o n . 

Antibody and antigen 

T h e i m m u n e system, deve loped dur ing 

the c o u r s e o f evo lu t ion , protects the b o d y 

f rom invasion by foreign agents — whether 

l iv ing o r non- l iv ing . A s a c ruc ia l part o f its 

ro l e , it mus t d i s t inguish be tween sel f and 

no t - se l f and ach ieves this t h rough the 

whi te b l o o d ce l l s constant ly surveying the 

m o l e c u l a r charac te r i s t i cs o f the m a n y 

c h e m i c a l s found in the body . 

W h e n these ce l l s f ind some th ing , s u c h 

as a virus, that is no t part o f a person ' s nor-

The flu virus can be collected by throat 
swabs from both humans and birds and 
then grown-on in hen's eggs. 

m a l array, they m o b i l i z e the resources o f 

the i m m u n e system to p r o d u c e ant ibodies 

that inactivate and then h e l p to expe l the 

virus. 

But it takes t ime — at least several days 

— before the b o d y c a n accumula t e suffi

c i en t ant ibody to free i tself o f the virus. 

Afterwards , ant ibody levels subs ide ; but 

the m e m o r y l ingers o n in specia l ce l l s that 

are always ready to spr ing in to ac t ion to 

p r o d u c e fresh an t ibody and qu ick ly sup

press any n e w attack by that particular 

virus. 

T h e c h e m i c a l s o f the virus or m i c r o b e 

that p r o v o k e the ant ibody response are 

termed ant igens . T h e s e are general ly pro

teins found o n the surface o f the invading 

o rgan i sm, and the flu virus carries t w o 

s u c h p ro te ins . O n e , an e n z y m e c a l l e d 
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neuramin idase , prevents the virus par

t ic les f rom c l u m p i n g together and also 

he lps release t h e m f rom infected ce l l s and 

m a y be invo lved i n the first stages o f in

fec t ion . T h e o ther prote in — haemagg lu 

t inin — attaches the virus part icle to the 

hos t c e l l wa l l and media tes ce l l in fec t ion . 

T h e haemagg lu t in in ant igen p rovokes 

the major r e sponse ; the ant ibodies fo rmed 

latch o n t o the haemagg lu t in in m o l e c u l e 

and b l o c k the at tachment or receptor site 

and, s o o n after, the virus is absorbed and 

d iges ted by scaveng ing ce l l s o f the i m 

m u n e system. De ta i l ed studies o n a range 

o f f lu types have s h o w n that the c h a n g e s 

in the structure o f the haemagg lu t in in 

m o l e c u l e are largely re spons ib le for the 

regular e m e r g e n c e and succes s o f n e w flu 

viruses. 

Shift and drift 

O the r viruses that infect man , l ike m u m p s 

and meas les , rarely c h a n g e and w i l l p r o b 

ably never again t rouble any individual 

w h o has passed th rough the d i s comfo r t o f 

the initial in fec t ion . I n these cases the 

b o d y ' s i m m u n e sys tem has a permanent 

record o f the viruses ' an t igenic ' f inger

prints ' . W h e n the b o d y encounte r s the 

m u m p s o r meas les virus again, n e w anti

b o d y is rapidly synthesized, and the virus 

is qu i ck ly expe l l ed . 

Unfortunately, the flu virus is a little bit 

m o r e adaptable than the b o d y ' s i m m u n e 

sys tem; its an t igenic fingerprint c h a n g e s 

regularly. T h e i m m u n e system treats an 

encoun t e r w i th a flu virus con t a in ing dif

ferent ant igens as a c o m p l e t e l y n e w e x 

pe r i ence , and another b o u t o f inf luenza 

beg ins . 

I n 1918 (Span ish f lu) , 1957 (the A s i a n 

f lu) , and 1968 ( H o n g K o n g f lu) , n e w in

f luenza virus sub-types appeared that had 

radical ly different an t igen ic proper t ies . 

P e o p l e w h o had exper i enced A s i a n flu 

had abso lu t e ly n o an t i bod i e s e f fec t ive 

a g a i n s t the H o n g K o n g f lu and s u c 

c u m b e d to the disease. 

T h e o r ig in o f these radically different 

strains remains un certain. There is some 

ev idence that they may arise through some 

r e c o m b i n a t i o n o f the different types o f flu 

in fec t ing m a n and animals (see the b o x o n 

page 16) . 

I n be tween these major shifts in the 

virus 's an t igenic propert ies , h o w e v e r , the 

flu virus may still manage to o v e r c o m e the 

b o d y ' s i m m u n e system. S o o n after the ap

pearance o f a n e w sub-type, v i ro logis t s are 

able to detect small but significant changes 

in its ant igenici ty . T h e s e arise t h rough 

muta t ions that result in the virus carrying 

sl ightly different haemagg lu t in in m o l e 

cu l e s . S o m e t i m e s s u c h viruses c a n evade 

the b o d y ' s i m m u n e de fences , and br ing o n 

another flu attack (see the d iagram) . 

T h e s e s l ight c h a n g e s , termed ant igenic 

drift, m e a n that over a pe r iod o f t ime the 

ant ibodies fo rmed dur ing in fec t ion wi th 

a n e w sub-type b e c o m e less and less ef fec

tive. P e o p l e w h o were infected wi th the 

or ig ina l H o n g K o n g sub-type o f 1968 and 

had deve loped ant ibodies to this virus, for 

e x a m p l e , w e r e v i r t u a l l y u n p r o t e c t e d 

Electron micrographs of the flu virus, 
with the haemagglutinin and 
neuraminidase projections just visible. 
The virus is very variable in size and 
structure because its coat is actually the 
membrane from its host cell, which is 
more flexible than the protein coats of 
most viruses. 
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Proteins such as haemagglutinin are long 
strings o f amino acids (or polypept ides) . 
Each amino acid is c o d e d in a part o f 
the virus gene , and a mutation that 
changes that part o f the gene ultimately 
p roduces a change in the final p roduc t . 
Th i s change can help the virus escape 
detect ion by the b o d y ' s immune system. 

against in fec t ion by later strains o f the 

H o n g K o n g sub-type s u c h as the Por t 

Cha lmer s virus o f 1973 , the Vic to r ia virus 

o f 1975 , the T e x a s virus o f 1977 , or the 

B a n g k o k virus o f 1979. A n t i g e n i c drift is 

the reason w h y regular m i n i - e p i d e m i c s 

o c c u r b e t w e e n the major e p i d e m i c s that 

f o l l o w m a j o r c h a n g e s to the v i rus , as 

s h o w n in the chart. 

T h e haemagglutinin molecu le 

B o t h an t igen ic drift and the appearance o f 

n e w sub-types result f rom the c h a n g e s 

t h a t o c c u r i n t h e h a e m a g g l u t i n i n 

m o l e c u l e . 



A l t h o u g h c rude details o f the shape o f 

the m o l e c u l e — it is a spike that protrudes 

f rom the virus — c a n be de te rmined in 

e lec t ron mic rog raphs , m u c h finer detail is 

necessary for a c o m p l e t e unders tanding o f 

h o w it c h a n g e s and func t i ons . W i t h i n 

Aus t ra l ia , sc ient is ts s u c h as D r C o l i n 

Ward and D r T h e o D o p h e i d e , f rom the 

CSIRO D i v i s i o n o f Prote in Chemis t ry in 

M e l b o u r n e , and D r G i l l i an A i r and D r 

G r a e m e L a v e r , f r o m the J o h n C u r t i n 

S c h o o l o f M e d i c a l R e s e a r c h at the A u s 

tralian Na t iona l Univers i ty in Canberra , 

have b e e n s tudying the structure o f the 

w h o l e m o l e c u l e us ing p ro te in - sequenc

ing t echn iques . 

I n another approach, D r Ger ry Bo th , 

D r M e r i l y n S l e igh , and D r Berny M o s s , 

f rom the CSIRO M o l e c u l a r and Cel lu lar 

B i o l o g y Un i t in Sydney , have analysed 

the n u c l e i c acid s equences in the virus 

that c o d e for the haemagg lu t in in , as we l l 

as analys ing small sec t ions o f the m o l e 

c u l e itself, to h e l p identify areas m o s t sub

jec t to c h a n g e . 

Early in the prote in-sequencing studies, 

a c o m p a r i s o n o f Aust ra l ian results wi th 

those obta ined by D r M i k e Waterf ie ld o f 

the Imper ia l Cance r R e s e a r c h F u n d L a b 

o r a t o r i e s , i n L o n d o n , s h o w e d tha t 

approximate ly half the a m i n o ac ids in the 

haemagg lu t i n in m o l e c u l e had b e e n al-

A wire m o d e l o f the haemagglutinin 
molecu le f rom the H o n g K o n g flu virus, 
showing the compl ica ted 3-D folding. 
Different amino acid groups are 
represented by the various co lours , 
while the co loured balls indicate where all 
the changes occurred during antigenic drift 
f rom 1968 to 1979. 

tered in the shift f rom the A s i a n to the 

H o n g K o n g s u b - t y p e . T h i s m a s s i v e 

c h a n g e c o u l d be attributed to the r e c o m 

binat ion o f different strains desc r ibed in 

the b o x , but tells us little about the subtle 

c h a n g e s o c c u r r i n g dur ing an t igenic drift. 

D r W a r d and D r D o p h e i d e c o n c e n 

trated their attention o n the H o n g K o n g 

sub-type and, t h rough a l o n g series o f 

sophis t ica ted analyses , de te rmined vir

tually the c o m p l e t e order o f arrangement 

o f the a m i n o acids in virtually all o f the 

haemagg lu t in in protein. 

T h e o n l y por t ion w h o s e a m i n o ac id 

s e q u e n c e they c o u l d n ' t de termine was its 

tail sec t ion , c o m p o s e d o f approximate ly 

25 a m i n o acids , w h i c h serves to anchor 

the haemagg lu t in in to the virus. T h i s sec 

t ion o f the protein , o n c e it is released f rom 

the virus, c l u m p s together and canno t b e 

analysed; but, s ince it is h idden and plays 

n o real ro l e in d e t e r m i n i n g an t i gen i c 

propert ies , this is not important . A l l the 

M a n y p e o p l e con fuse the s y m p t o m s o f 

c o l d s and flu and, poss ib ly to attract m o r e 

sympathy, w i l l qu i ck ly attribute a severe 

c o l d to the flu virus. Cer ta inly the symp

t o m s d o often over lap and a m i l d fo rm o f 

inf luenza is virtually ind i s t ingu i shab le 

f rom a c o m m o n c o l d . Bu t c o l d s rarely kil l , 

and p e o p l e suffering the symptoms de 

scr ibed in the m a i n text c a n b e fairly cer

tain that they are infected wi th the flu 

virus. 

A t the m o l e c u l a r level , flu and the c o m 

m o n c o l d are qui te dist inct . Inf luenza is 

caused by a s ing le type o f virus — a m y x o -

virus — w h i l e the c o m m o n c o l d is caused 

by a w i d e range o f types that vary even 

m o r e than influenza virus. 

T h e first successfu l i so la t ion o f a virus 

c a u s i n g co ld - l ike s y m p t o m s o c c u r r e d in 

1943 as an accidental by-product o f the 

mass ive studies then b e g i n n i n g o n p o l i o 

myel i t i s . N o t unnaturally this was a p o l i o 

l ike virus termed an enterovirus , and sub

sequent ly a range o f other enteroviruses , 

s o m e adenovi ruses , and s o m e influenza

l ike paramyxoviruses were isolated and 

s h o w n to cause mi ld co lds . H o w e v e r , these 

viruses were o n l y occas iona l l y de tec ted in 

patients suffering f rom real c o l d s . T h e 

great majori ty o f c o l d s are no t caused by 

these viruses. 

It was not unti l 1960 that researchers, 

at the C o m m o n C o l d R e s e a r c h Uni t at 

Salisbury in Eng land , isolated the m a i n 

culpri ts . T h e y found that these viruses 

— rhinoviruses ( ' rhino- ' = ' n o s e ' ) — had 

defied de tec t ion for so l o n g because c o n 

di t ions in the n o s e , w i th a temperature o f 

3 0 ° C and a p H o f 6 • 9 , were very different 

f rom the usual 3 7 ° C and p H o f 7 •6 used 

in tissue cul tures . W h e n the c o n d i t i o n s 

were altered to match those found in noses , 

the virus grew readily in their ce l l cultures. 

Rhinovi ruses probably cause about 4 0 % 

o f the c o m m o n c o l d in fec t ions , and vac

c ina t ion against t h e m is virtually i m p o s 

s ib le b e c a u s e o f their great a n t i g e n i c 

diversity. S o far m o r e than 100 different 

strains have b e e n isolated, and probably 

many others are f loat ing a round in the 

popula t ion . 

A s we l l as those men t ioned above, other 

viruses that cause c o l d s have been dis

cove red and probably m a n y m o r e await 

d i scovery . Al ready , m o r e than 120 differ

ent causat ive agents f rom five major virus 

g roups have been identif ied and, g iven the 

diversity f o u n d in a s ing le virus, s u c h as 

inf luenza, it w o u l d be a brave m a n w h o ' d 

bet o n the c h a n c e s o f d e v e l o p i n g a cure for 

the c o m m o n c o l d . Pe rhaps c o l d s w i l l 

eventual ly take over , f rom flu, the title 

' the last great p lague ' . 
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Unfortunately, the flu virus 
is a little bit more adaptable 
than the body's immune 
system. 

o c c u r r e d in o n e of four dis t inct parts. 
M o r e o v e r , they o c c u r r e d in steps: a strain 
isolated s o o n after the appearance o f the 
H o n g K o n g sub-type w o u l d have o n e or 
t w o a m i n o ac ids c h a n g e d , a f ew m o r e 
c h a n g e s w o u l d o c c u r the nex t year, and so 
o n . B y 1979 , approximate ly 1 0 % o f the 
a m i n o ac ids found in the haemagg lu t in in 
o f the or ig ina l H o n g K o n g sub-type had 
c h a n g e d . 

M o s t o f these c h a n g e s were in the anti-
gen ica l ly important parts o f the m o l e c u l e . 
T h e virus, t h rough muta t ion , was creat
i n g ant igenica l ly different haemagglu t in -
ins , and so it c o u l d beat the an t ibodies 
f o r m e d d u r i n g i n f e c t i o n s w i t h ear l ier 
strains o f the H o n g K o n g flu. 

a n t i g e n — a n t i b o d y a c t i o n a n d a l l t h e 
c h a n g e s take p l a c e h i g h e r u p o n t h e 
m o l e c u l e . 

T h e scientists f o u n d that, hav ing estab
l i shed the a m i n o ac id s e q u e n c e o f the 
haemagg lu t in in f rom o n e strain o f the 
virus, they c o u l d de te rmine the structure 
o f the haemagg lu t in in f rom c l o s e l y re
lated strains relatively easily. 

T h e y d id these sorts o f analyses o n an
other major e p i d e m i c strain o f the H o n g 
K o n g sub-type and, in co l l abora t ion wi th 
D r Laver and D r A i r , ob ta ined partial 
s e q u e n c e s for seven other H o n g K o n g 
strains that appeared b e t w e e n 1968 and 
1977 . T h e i r results m a d e s o m e o f the 
c h a n g e s that w e r e o c c u r r i n g qui te o b 
v ious . Of ten strains differed f rom o n e an
other — in their ant igenic i ty and their 
effects o n m a n — s imply because o n e or 
t w o a m i n o ac ids ou t o f the total o f 5 4 9 in 
t h e h a e m a g g l u t i n i n m o l e c u l e h a d 
c h a n g e d . 

Looking at their genes 

I n the other approach, D r Both , D r S le igh , 
and D r M o s s had a c l o s e l o o k at the 
gene t ic structure o f the var ious strains o f 
H o n g K o n g flu. S i n c e the arrangement o f 
n u c l e o t i d e s i n the virus 's genes deter
m i n e s the arrangement o f the a m i n o ac ids 
in its prote ins , they were able to use tech
n iques d e v e l o p e d in gene t ic eng inee r ing 
to study the c h a n g e s that had o c c u r r e d in 
the H o n g K o n g sub-type s ince 1968. 

Separat ing ou t the g e n e that c o d e s for 
haemagglu t in in , they incorpora ted it in to 
Escherischia coli bacteria and cul tured large 
quanti t ies o f these. After separating and 
purifying the bacterial D N A (deoxyr ibo 
n u c l e i c ac ids ) , they c o u l d isolate the sec 
t i o n t h a t c o d e d f o r t h e v i r a l 
haemagglu t in in . 

I n this manne r D r B o t h and his c o l 
leagues de te rmined the c o m p l e t e n u c l e o 
tide sequences o f the haemagglut in in gene 
f rom four o f the strains o f the H o n g K o n g 
sub-type that appeared be tween 1968 and 
1979 , as w e l l as partial s equences for four 
other strains. T h e i r results m e s h e d in very 
w e l l w i th the p ro te in - sequenc ing studies. 

E a c h g r o u p n o t e d that m o s t o f the 
c h a n g e s in the haemagglu t in in m o l e c u l e 

The 3-D picture and antigenicity 

T h e nature o f the haemagglu t in in m o l e 
c u l e and its an t igenic sites b e c a m e a lo t 
clearer wi th the publ icat ion, early in 1981 , 
o f the first three-d imensional desc r ip t ion 
o f the protein. T h e g r o u p respons ib le for 
this breakthrough — D r Ian W i l s o n and 
D r D o n W i l e y , f rom Harvard Universi ty 
in the Uni t ed States, and D r John Skehe l 
f rom the Na t i ona l Institute for M e d i c a l 
R e s e a r c h i n the Uni t ed K i n g d o m — c o m 
b i n e d p ro te in - sequenc ing data they o b 
tained f rom Austral ia w i t h data f rom a 
Be lg ian g r o u p led by D r Walter Fiers and 
X- ray crystal lography to bu i ld their p i c 
ture o f the haemagg lu t in in m o l e c u l e . 

In between major shifts, the 
flu virus may still manage to 
overcome the body's immune 
system. 

A simple depiction of the haemagglutinin 
structure, showing the sites where the 
molecule attaches to the host cell, and 
where the host's antibodies attach to the 
haemagglutinin. 

A l t h o u g h this picture is very c o m p l e x , 
a s impl i f ied d iagram c a n b e cons t ruc ted 
and is g iven above . T h i s c lear ly indicates 
w h e r e all the ac t ion o c c u r s dur ing a flu 
in fec t ion . 

A s c o u l d b e expec ted , three o f the four 
sites that the CSIRO g roups had identif ied 
as b e i n g ant igenical ly important and sub
jec t to the m o s t c h a n g e o c c u r at the top o f 
the spike, where they are m o s t e x p o s e d to 
ant ibody attack. T h e fourth o c c u r s l o w e r 
d o w n the m o l e c u l e . 

T h e three sites at the top o f the hae
magglu t in in m o l e c u l e are g rouped around 
a d e e p p o c k e t - l i k e d e p r e s s i o n that in 
v o l v e s a b o u t 2 5 - 3 0 a m i n o a c i d s . T h e 
a m i n o acids in this p o c k e t d o n ' t appear to 
change as easily as the surrounding amino 
ac ids , and it is p r o p o s e d that this is where 
the virus attaches to the h u m a n ce l l wal l . 
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D r a m a t i c shifts in the an t igen ic character 

o f the flu virus , s u c h as that o c c u r r i n g be 

t w e e n the A s i a n sub-type o f 1957 and the 

H o n g K o n g sub- type o f 1 9 6 8 , h a p p e n 

regularly. It has b e e n est imated that ove r 

the past 2 5 0 years at least 10, and perhaps 

as m a n y as 2 0 , inf luenza p a n d e m i c s have 

swept the g l o b e after the appearance o f a 

n e w sub-type. 

F o u r explana t ions for the sudden ap

pearance o f n e w sub-types have b e e n put 

forward. O n e is that the exis t ing strains i n 

m a n u n d e r g o rapid mul t ip le muta t ions 

that p r o d u c e radical shifts in the anti

g e n i c character . T h e s e c o n d suggests that 

an in f luenza vi rus o f l o w e r an imals i s 

transmitted to m a n , w h i l e the third sug

ges t ion is that the h u m a n inf luenza virus 

r e c o m b i n e s w i t h an an imal inf luenza v i 

rus and acqui res a c o m p l e t e l y n e w c o a t 

prote in w h i l e retaining the capaci ty to 

cause disease i n m a n . T h e final s u g g e s 

t ion is that inf luenza virus may b e recy

c l e d : l y i n g d o r m a n t after i t s i n i t i a l 

appearance and o n l y r e -emerg ing w h e n 

the i m m u n i t y o f the general popu la t i on 

has dec l i ned . 

A c c o r d i n g to D r Laver and D r R o b e r t 

W e b s t e r f r o m St Jude C h i l d r e n ' s R e 

search Hosp i t a l i n M e m p h i s , T e n n e s s e e , 

there is cons ide rab le e v i d e n c e — b o t h e x 

per imental and c i rcumstant ia l — for the 

last three sugges t ions , but little in suppor t 

o f the first. 

I t has l o n g b e e n k n o w n that h u m a n in

fluenza w i l l infect other animals . F o r e x 

ample , the H o n g K o n g flu caused natural 

in fec t ion o f p ig s in m a n y coun t r i e s s o o n 

after that sub-type appeared. It has a lso 

b e e n s h o w n to infect d o g s , c h i c k e n s , and 

c a l v e s , and , as it drif ted and c h a n g e d 

t h r o u g h t h e ' 7 0 s , its n e w strains have a lso 

b e e n isolated f rom animals . 

W h i l e n o b o d y has yet demonstrated that 

animal inf luenza wi l l transmit to m a n , a 

n u m b e r o f his tor ical a c c o u n t s o f the dis

ease m e n t i o n the interest ing c o i n c i d e n c e 

o f inf luenza-l ike diseases i n an imals , par

t icularly horses , immedia te ly p r e c e d i n g 

or a c c o m p a n y i n g inf luenza e p i d e m i c s . 

A particularly in t r iguing observa t ion is 
that the first defini tely observed cluster o f 
h u m a n inf luenza cases in the 1918 out 
break w a s r eco rded at a Un i t ed States 
army c a m p that d r e w m o s t o f its recruits 
f rom farm-workers in the mid-wes t . 

T h e r e is a l so exper imenta l e v i d e n c e 

that flu viruses in fec t ing m a n and those o f 

an imals c a n m i x and r e c o m b i n e to p ro 

d u c e radical shifts in their an t igenic char

acter. T h e unusua l nature o f the flu virus 

gene t i c material aids this p roces s . S i n c e 

its g e n e s are i n e ight separate packages , 

in fec t ing o n e hos t c e l l w i th t w o different 

types o f flu may result i n 2 8 (or 2 5 6 ) dif

ferent, and n e w , strains o f f lu. 

I n o n e projec t at the P l u m I s land A n i -

m a l D i s e a s e Cent re , i n N e w Y o r k State, 

researchers infected a s ing le p i g in a herd 

wi th the h u m a n H o n g K o n g f lu and an

other w i t h the c o m m o n strain o f p i g influ

enza. W i t h i n a w e e k , o ther m e m b e r s o f 

the herd w e r e f o u n d to b e suffering f rom 

infec t ions w i t h a varied array o f r e c o m b i 

nant flu viruses . 

S imi la r scenes o c c u r r e d w h e n flu in

fec t ions were e x c h a n g e d b e t w e e n turkeys 

and p igs and a m o n g turkeys. I n o n e case 

a ser ious ' m i n i - e p i d e m i c ' raged a m o n g 

the turkeys, k i l l ing several, even t h o u g h 

the or ig ina l strains were n o t particularly 

virulent . 

R e c o m b i n a t i o n o f flu vi ruses has o n l y 

recent ly b e e n obse rved in the w i l d , w i d e 

w o r l d , and g o o d c i rcumstant ia l ev idence 

suggests that the H o n g K o n g flu sub-type 

o f 1968 m a y have arisen t h r o u g h the m i x 

i n g o f a strain or ig ina l ly isolated f rom 

d u c k s i n 1963 and the o l d A s i a n flu o f 

1957 . T h i s idea recent ly rece ived further 

suppor t w h e n D r W a r d and D r D o p h e i d e , 

as w e l l as the B e l g i a n g r o u p led by D r 

W a l t e r F i e r s , d e t e r m i n e d t he p r o t e i n 

s e q u e n c e o f the or ig ina l d u c k strain and 

s h o w e d that its haemagg lu t in in w a s vir

tually ident ical to that f o u n d i n the first 

h u m a n H o n g K o n g variant. 

I t is a l so k n o w n that the flu virus is 

capable o f b e i n g recyc led . F o r e x a m p l e , 

the strain that caused the 1951 e p i d e m i c 

g o t los t for 26 years before suddenly re

a p p e a r i n g i n C h i n a and R u s s i a , t hen 

w o r l d - w i d e , dur ing 1977. 

O the r ev idence suggests that migra tory 

birds — s u c h as d u c k s , terns, and shear

waters — no t o n l y provide a reservoir o f 

n e w flu types but a l so spread the flu virus 

in their travels around the g lobe . A l t h o u g h 

flu t ransmiss ion be tween w i l d and d o 

mes t i c birds and then o n to m a n appears, 

at first g l a n c e , to b e unl ike ly , D r Webs te r 

has s h o w n that m a n y o f the inf luenza 

viruses o f d u c k s are shed in to water a l o n g 

wi th the faeces . T h e s e v i ruses r ema in 

viable for 4 w e e k s at 4 ° C and for abou t 5 

days in water at r o o m temperature, and so 

it is l ikely that the flu virus is water- as 

w e l l as airborne. 

Co l l ec t i ve ly , these studies emphas ize 

the great versatility o f the flu virus and in

dicate w h y it en joys c o n t i n u i n g succes s 

a m o n g b o t h m e n arid beasts. 
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The migratory path of the short-tailed 
shearwater. The migratory route of the 
closely related Pacific shearwater is 
unknown, but it is of interest that a flu 
strain isolated from this species on the 
Great Barrier Reef subsequently 
appeared in chickens in Hong Kong, in 
turkeys in California, and in wild ducks 
in Delaware. 

O b v i o u s l y ma in t a in ing the integri ty o f 
this site is o f c ruc ia l impor t ance to the 
succes s o f any flu strain: i f the virus can ' t 
attach to the ce l l , it can ' t penetrate and 
mul t ip ly and, in evolu t ionary terms, it is 
effectively dead; this is w h y so few changes 
o c c u r i n that area. 

Neuraminidase — the second antigen 

A n t i g e n i c variat ion is a lso observed in the 
o ther surface p ro te in o f the v i rus , the 
neuramin idase . W o r k similar to that de 
scr ibed for the haemagglu t in in is n o w in 
progress wi th D r A i r and D r Janet B l o k , 
at the John Cur t in S c h o o l o f M e d i c a l R e 
search, character iz ing a variety o f differ
ent inf luenza variants b y s e q u e n c i n g the 
neuramin idase g e n e . 

A t t he C S I R O D i v i s i o n o f P r o t e i n 
Chemis t ry , D r A h m e d A z a d , D r T o m 
E l l e m a n , and D r W a r d are de te rmin ing 
the n u c l e o t i d e g e n e s e q u e n c e o f the neur
amin idase f rom the first A s i a n variant 
that appeared i n 1957 and the pro te in 
s e q u e n c e o f a later (1967) A s i a n strain. D r 
Peter C o l m a n , a lso w i th the D i v i s i o n , is 
de te rmin ing the three-d imens iona l struc
ture o f the neuraminidase f rom bo th those 
strains us ing protein provided by D r Laver . 
T h e s e s tudies w i l l p rov ide a full desc r ip 
t ion o f the structural c h a n g e s associa ted 
wi th an t igenic variation in the flu virus. 

Targeting vaccines 

I n j e c t i n g p e o p l e w i t h k i l l ed or altered 

viruses, w h i c h are incapab le o f c a u s i n g 

c l in i ca l s y m p t o m s , w a s a major advance 

in m e d i c a l s c i e n c e . T h e b o d y ' s r e sponse 

to this vacc ina t ion — th rough the p r o d u c 

t ion o f an t ibodies — gives the individual 

l i f e long p ro tec t ion against viruses s u c h as 
those c a u s i n g p o l i o o r sma l lpox . 

But , as w e have seen, the flu virus is 
cons t an t ly c h a n g i n g , s taying o n e s tep 
ahead o f the ant ibodies p r o d u c e d by the 
i m m u n e system. 

Cer ta in ly , v a c c i n e s c a n b e p r o d u c e d 
against strains o f flu, and these w e r e used 
extens ive ly in the late 1960s after d o c t o r s 
realized h o w severe the n e w H o n g K o n g 
flu was . H o w e v e r , as the flu evo lves , the 
v a c c i n e b e c o m e s less and less effect ive, 
and p r o d u c i n g a v a c c i n e p roves to be a 
very frustrating exe rc i se : by the t ime the 
m a c h i n e r y for p r o d u c i n g it has b e e n set 
u p , a n e w flu strain is l ikely to b e c i r cu 
lating a m o n g the popu la t ion . 

S o m e researchers, i n c l u d i n g Professor 
Fazekas d e St G r o t h , f o r m e r l y o f the 
M o l e c u l a r and Cel lular B i o l o g y Unit , have 
tried to anticipate the c h a n g e s that may 
o c c u r in the flu virus by g r o w i n g strains 
in the p re sence o f ant ibodies and select
i ng ou t the mutants that survive. V a c c i n e s 
have t h e n b e e n d e v e l o p e d agains t the 
mutant strains and s o m e o f these have 
b e e n used successfu l ly i n Eu rope . H o w 
ever , this e v o l u t i o n o n the l ab b e n c h 
doesn ' t a lways p r o d u c e the same c h a n g e s 
as those seen in the w i l d and, f rom the 
c o m p l e x c h a n g e s r e v e a l e d b y t he se 
q u e n c i n g data, it is easy to see w h y . 

It may be possible to produce 
a flu vaccine that will confer 
lifelong protection against all 
strains. 

T h e large n u m b e r o f a m i n o ac ids in
vo lved in de te rmin ing ant igenici ty , wi th 
c h a n g e s o c c u r r i n g s ingly o r in g roups , 
m e a n s that the potent ial for c h a n g e is so 
great that at tempting to anticipate it is a 
fairly op t imis t i c exerc i se that is un l ike ly 
to s u c c e e d . Bu t all is n o t los t ; it still may 
be pos s ib l e to p r o d u c e a truly effective flu 
v a c c i n e — o n e that w i l l confe r l i f e long 
pro tec t ion against all strains o f the flu 
virus. T h i s w i l l happen if v a c c i n e s that 
are act ive against the large stretches o f the 
haemagg lu t in in that r ema in u n c h a n g e d 
c a n b e deve loped . 

I f this is the ca se , v a c c i n e s targeted 
against these sites, p r o d u c e d by gene t i c 
eng inee r ing or direct c h e m i c a l synthesis , 
m a y p rov ide l i f e long p ro tec t ion against 
all the strains o f f lu w e are ever l ikely to 
encoun te r . E v e n i f this broad goa l is no t 
reached , s ince w e k n o w that a large Dart 

o f the pro te in remains cons tan t w i th in 
sub-types s u c h as the H o n g K o n g f lu, a 
v a c c i n e targeted against s u c h sites c o u l d 
p r o v i d e p r o t e c t i o n for the 7 - 2 0 years 
e laps ing before the e m e r g e n c e o f each 
n e w sub-type. 

Scient is ts are current ly e x p l o r i n g these 
poss ib i l i t ies . T h e first steps i n the p roces s 
— the c l o n i n g o f the haemagglut in in gene 
and the p r o d u c t i o n o f haemagg lu t in in by 
g e n e t i c a l l y e n g i n e e r e d b a c t e r i a p l u s 
c h e m i c a l synthesis o f parts o f the m o l e 
c u l e — have just b e e n c o m p l e t e d and, if 
deve lopmen t s f o l l o w the c o u r s e ou t l ined 
above , the flu virus may we l l b e c o n s i g n e d 
to the his tory b o o k s . 

Wayne Ralph 
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