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PREFACE

Tuz Cina FOUNDATION, 3 unique mnternational institution,
awes 1ts snception to the generosty of CIBA Limuted, Basle
Howerer, bemng established under Briish trust Yaw, 2t enoys
complete independence in practice and poly

Under the guidance of 1ts distinguished Trustees, the Founda-
tion offers accommodation to scientists from all over the world
at 1ts home 1n Portland Place Foremost 1n ats activities 18 the
organization of small conferences, some lasting 3~ days, others
for one day only 'The proceedings of the former are published
10 book form, and the latter 1n the manner of the present booklet
Each of these one-day study groups 13 beng orgamzed in honour
and around the work of an eminent member of the Foundation's
stienuific advisory panel, on which there are 1-3 representatives
for most of the countries of the world

The Foundation convenes many other nformal discussions
between research workers of different disciphines and different
natonalities and each year 1nvites an outstanding authorty to
deliver @ special fecture  An exchange progmmme between
French and Bntsh postgraduates 13 conducted and a library
service 1s avallable  Furthermore, the Ciba Foundation attempta
i every other way possible to aid scientists, whether they be
Nobel Lanreates or young graduates making thewr first onginal
contribution to research

The publication of the first four study groups 1 rcgﬂded

rtheless with rapid of the
pmctcdmgs of boll\ conferences and study groups, 1t 1s hoped
that readers 1n more distant centres, away from easy reference 10
the latest literature, can feel a httle more closely in touch with
recent developments and may be stumulated to make thew own
topical contributions to international research
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CHAIRMAN'S OPENING REMARKS
S MACFARLANE BURNET

71320 honour and a pleasure to be asked to chair a discusston in
honour of Prof Mulder, particutarly on a subject which he has
made especially his own

‘The central mterest of our discussion 18 the pathogentcty and
wirulence of influenza virus, with other viruses included, more or
fess to throw Light on that theme of Prof Mulder’s Among the
themes 1 microbology which have human imphcations the
virulence of viruses 13 probably outstanding 'The mfluenza
pandemic of 1918 was, apart from the classical bubomic plagues
the greatest pesulence that has ever affhicted the human race and
most of us were impressed recently by the picture of the age
incidence of the 1957 Asian influenzain Amenca Jtseemsthatwe
may have just barely escaped another 1918, because there was a

Lyeryone here will agree that we are up agunst a major dafficulty
10 talkeng about virulence It 1s not an absolute character It1s
wholly dependent on the relationship between host and parasite,
and both will be considered by speakers here

My own special interest for the last ten years has been the genetic
aspects of influenza virus There 13 no doubt that we can detect
differences 1n virulence amongst strains acting on the same host,
and that these duff 1n virglence are inheritable and henee
genetic characters During the last ten years T have attempted to
define i genetic terms what 1s meant by virulence 1n influenza
virus at the expenmentat level In fact this was the subject of 2
Ciba Foundation Lecture winch I gave a few years ago {1954,
Lancet, 2, 559) But there 13 no sumple answer There sf¢ no
virulence genes as such, and my present feeling 1s that virulence
must b dered aya sort of of all thy

1* 1




2 SR MACFARLANE BurNeT

of the virus which are related to its capacity to infect and multiply
1n the cell, 2nd thercicre must zlways be exprcssed 1n terms of the
a1l -

m mmd that the genencs and the populauon dynamics of any

are d fly by the way i
which the virus survives 25 a spectes and not by 1ts human patho-
gemaity  Virulence 1s, as 1t were, an epiphenomenon of the pro-
cesses by which the virus survives 1n Nature in relation to the full
totality of the environment, and where drfficulties begin to arise
discussion of the present kind, we can often clanfy them by using
this ecological approach




THE DEFINITION AND MEASURCGMENT
QOF VIRUS VIRULENCE

C. H. Srvarr-Fiaris
Department of Medscine, Umsersity of Skeffield
Virus virulence 1s almost indefinable and pracucally impossible
. . L e e e

‘The fact that we have na better word than virulence to describe the
means of production of disease by viruses should surely also mean
that t1s not a uscless syrbol or abstract concept. The attribute of
being poisonous which s the factual meaning of virulence becomes
a) the more reat when substances, organisms or viruses are found
whuch do not possess this property  The fact that some viruses are
nan-virulent 1s probably the chief reason for attnibuting variations

. - -
papers in thus study group  In truth virulence 1s an atirbute of a
micro-organism which can only be measured and defined by
reference to a host system

The definition of virulence

It 19 first necessary to consider whether the word virulence
should or should not be regarded 23 synonymous with patho-
geacty. Most workers do i fact use the words 1n an alternative
sense, but Miles pointed out mn 1955 that 1t was useful to regard
pathogenicity as an attnbute of 2 specres, genus or some other
grouping of parasites and to reserve virelence for the expression
of the pathogeniaity of 2 given stable kine of mrcro-organism,
There are goad groundds for agreming to this distraction sn the case
of yiruses particularly because of the very wide vanations i the
behaviour of different strains of many amumal viruses, With thes
background it 1s posstble to define pathogemeity as the power to

3



4 C H Stuart-Harris

produce pathological effects 10 a host, and viralence as the evidente
of pathogemeity denved from observation of the symptoms and
signs, degree of tllness or death of the host,

The measurement of virus virnlence
(2) The incidence of disease
Attempts have been made to measure virulence with varying
degrees of accuracy by studies of whale populations, of ndryrdual
patsents or by experumental study i the laborstory upon anumals
Let us first examine the facts obtawed from a study of human ill
ness n whole populations  There are certamn characters which can
be d i a popuk such as the mad and mortality
from an mfections disease, and these are often used as indices of the
degree of virulence of the mfectron It 15, however, obvious that
these indices cannot be divorced from the effects of age, for age
1troduces a vanability mto the equation and prevents a direct
between two popul unless these are idenyeal in

structure
ar ot i c -

that rimmumty followtng childhood mfevtion pessists either by
means of anubodies or by some change 1 the cellular resistance to
attack  When a popul which has been p 1 posed
to an infectious illness becomes mfected the age incidence of
disease 15 satd to be quite different from that of the acute specific
fevers, children and the older adults may suffer less severely than
young adults {Burmet, 1953) Thus, the age icrdence does not
give 3 clear picture of host resistance unaffected by the specsfic
effect of previous contact with the mfectious agent  When, there-
fore, 2 disease changes 1ts age incidence 1t may be difficult to say
whether this change 15 due to a Vanation wn the host or i the
parasite
Poliomyelitts may be chosen as the example Here 13 a strrking
example of altered attack rate and of age incidence 1n our own hife-
time For many thus 1s only reasonably expluned by mvoking an
m 1 of the pot Others, howerer, pomnt
to serological Ay between pop which have no
eptdemes of poliomyelitis and those 1n Which the disease 13
epidemic  The later development of specific antibodies m the




Drerzntrion aNo MEGSURRMENT OF VIRULENCE 5

chldren of the populations expenencing epidemnics pomnts fo a
tack of exposure to the virus 1n early nfancy which would bring
about herd immunsty There 1s then no need to mnoke an altera-
tion 1a the virutence of the virus to explun the evolution of polio-
mye c!ms at the present fume
honerer, sl nother aspect of age whach s

of great mgruficance  This a3 that with increase i age there iy
ereasing seversty of illness and of mortahity This 13 seen
cleacly by reference to statisics from this country or from
populatton such as the Eslimos who have infrequent epsdemacs
(Peart, 1949) Sabun {1956) explatns this by suggesting that the
matar nevrane of the adult 1s more susceptible to attack than that
of the child

In typhus feser, tao, mortality s not related to suscepubility to
infection but 8 clearly correlated with age  In the Naples
epidemic in 194344 the largest number of cases was 1 children
and young adults 1n wham the mortality was sbout 5 per cent
(Table 1) In those aver 30 years of age mortality rose sharply
even though the actual number of cases wag less (van den Tnde
etal, 1946) Dvenin the Algenan Arabs among whom previous
exposure to endemirc typhus mught well have modified seventy,
the same trend of mortahty with age occurred as i their European
nughbours (Tsble 1) One can perhaps explun this increased
mortality {rom typhus in older persons a5 being due to the faslure
of the ageing eirculatory system 10 resist the arzack made upon it
by the rickestsia

So far as the respiratory tract 13 concerned 1t 13 2 famibiar fact
that young safants and the aged are subject to the highest mortaliy
and young adufts the Jeast Even in an area where infection has
been absent for many sears and 15 then reintroduced the ape dis-
tnbutien of mortaitty may follow the same pattern Thas 1 well
shown by the meastes eprdemic of the Farge Islands in 1846 which
sxcurred sixty five years aftes the presious epidemic (Table 151)
The meidence was the same for all ages, besng 77 per cent of alf
thoseat nsk whodid not have the disease n 1781 Butthe mortahty
swas greatest (28 6 per cent) tn anfants under 1, next hughest
adultzoves 8316 3 per cent) and neghgible in those from 140 38
years of age {Panum, 1940) Of course, this martality mast sepre-
sent the combsned effects of virus and nasopharyngeat bacteria on
the respreatary tract
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8 C H Sruarr Harms

Trble HY
Fardy Ystanos aeasLss Erpeste 1546
Auvmber 1

Agegroups  Populanen  ettached Deaths cffr[f,’ﬁf v
Under 1 year 19 154 44 %6
140 17 3 03
10-19 1525 1183 2 02
20-29 1470 1140 + 63
30-39 842 653 10 15
9 751 513 19 31
50-59 723 565 27 48
13 480 372 27 71
7079 272 25 19 90
80 end aver 118 92 13 163
Totar 7863 £100 4 28

Influenza 1 a disease whose age vanations so different epidemics
are regarded 25 classical examples of the effect of changes in the
virwlence of the causatne ssrus  Chascrans foced by the awe
inspsnng spectacle of the winter pandemucs of 1918-19 were
famdear with the former mnocesce of snfluenza in young adults.
‘They were therefore hound to explun the exceswne mortabity 10
young adults by postulating a change sn the virulence of the
snfectng wirus  Yet Franas {1953) has sought to interpret the
changed montahity 1o 1918 as an expression metely of the sntenssty
of mfectson  In hus view the spanag of older persons from a hugh
attack rate was due to previous expenence of the virus antigen
which young adults lacked Francs suggested that the case
mortality from mfluenzat pricumonia increased steadily wth age
11 1918 yust as 1t d 4 1n epsdenmucs before or after the pandemic
Even of we were able to accept that the 1918 pandemse caused an
exceptionally hugh waidence of mfection 1 young aduits the
secent expersence of the Asan pandemic of 1957 should surely
make us hemtate to follow Francs’ opimon for 3n 1957 the hugh
attack rate tn children and young adults expertenced alf over the
world was not p d by any parabl & of
pulmonary cotnpleattons or mortality Thus the remarkable
prevalence of ppeumenia 18 young adults in 1918 13 a phenomenon
which cannot readily be explaned evcept by reference to the
tisological properties of the pandemue vinsa o doubt members
of this study group wiil wish to refer again to this epidemse exper
sence and wil] give thesr own explanations




DEFINITION AXD MEASUREMENT OF VIRULENCE 9

(5) Observation of individual fllnesses

As 1t seems to be difficult to armive at an estimate of virulence
from the study of whole populations, let us nest examtne the
evidence denved from study at a chintcal level on indnidual
patents  Thiss the techmique used by those who seck to estimate
pa'.hogemury by the use of humn \ulunleers ‘The latter are never
and consist merely of a
hnnd[ul of mdwn!u:ls Some!hmg ndeed can be learned by this
method, as we shall hear latern this study group, but the technique
13 extremely hmited n application

Meanwhile, chnrcal studies have shown the importance of host
factars other than speaific or immunological resistance which
deterpune the outcome of infection  Nutritional status 1s widely
believed to be such 2 determinant particularly in the case of
bactenial mfections such as tuberculosts (Dubos, 1955) and Sal-
monetla infections (Schnndu and Zmd:r 1956) Yctthe findings
mth f varu nto y to those of bactenal
wfectrans Ifitis true, asweeemstobe that the bonniest chuldeen
often fall victums to poliomyehus, 1s this an argument that those
who are undernounshed are thereby protected from paralysis ?
Social etrcumstances are of such great importance in determining
the spread of pohiovirus and thus of aiding subchnical immuniza
tion that one must beware of drawing hasty conclusions  But the
suggestion has certatnly been made—and there 1s no easy way
cither of refuting or of confirming 1t from human expenience—
that some virus infections are more trivial in the under thann the
orer-nourished host

ntil ly th f the end theout-
come of infections was minmzed  Now, howerer, cortisone has
come slong and 1t 1s possible to observe the effects of sterowd
adnunustration on man as well as on ammals with expenimental
infections  Does the enhancement by cortisone of poliomychitts
tn the hamster (Shwartzman 1950) or of Covsackse virus infection
1n mice (halbourne and Horsfall, 1951) have human analogtes >
One can point of course to the frequent sevenity of poliomyelitis in
pregnancy, though this 18 not entirely undisputed Perhaps
Haggerty and Eley's observations (1956) on the excessive seventy
of varicella in children treated with steroids 13 znalogous to the
results with viruses 1n cortisone treated hamsters and mice  Yet
these are rare human happesn  and one would indeed be bold
¥y




10 C H Stoanr-Hasses

suggest that endocrine changes ote of much concern manfuencng
1he outcome of tire common virus infections

Perhapa 1t 18 even more smportant 1o stress that host ressstance
138 far more complex than thus reference to nutntion and 1o meta-
bolisos would suggest The chinfcran sow has 1€ fas poner W
amcharate ot to prevent infocuan 83 when ke nses gamma globulis
16 attepuate of tor sbort meastes  Unfortunately varns infections
appear tonsolve  form of reststance which 13 not humoral or etve
children with sgammaglobuhnaemm would pensh from the
comnmon cold or snfluenza. The studies of Good and Zak (1956}
and of MacCathum (1959} on agammaglobultasema show quite
clearly that most wirus mfections and even vaconation take 2
normal course wn chifdren strpped of the basner of speadfic
memunologieat pretection.,

Bo, bike the studies in populations, clnteal studhes afford anly a
ghmpse of the relative virulence of viruses and one turns with
hope te the experzmental study of virplence wn the lsbortory,

() The cxperimental measurement of virulense in the
Iaboratery

The first mateee o be decided by the virologist 2 the host
spectes which will be employed. Thas 1 because the adaptation
of 2 varus 1o a nevy host s finked with the zequission of winulence
for the new species and perhaps with 2 foss or attermauon of
virulence for the former host speaies Yot mese choice of species
1snot enough N rles (1933} when refernng to the metsurement of
virulence mn micro-orgamsms atated that one ¢an only determine
the i effect of two or two straing of the
orgamsm iy the same setaf hasts  He inferred that there tan be no
such things 33 3 quenbiative expression without a standard of
seference  Furthermote, the companson of virulence 1 only
possible if one can measure the dose or quaniuy of virus ot other
organssm present 1 the preparations woculated tnto the kosty
This matter of quantistion 15, of course, the grest stumbing-
Block for varologists  No matter whether we use SU per ceat w-
fections doses, or b gl umits, or some othes IEATULT,
1t hat 10 be admaraed that st 1s far esa precise than one would wish.
Moreover, with zttenusted strass of virus one i3 dependent upon
Treeans of s g 1nfs unsts sern othes than the

host nnder stdy




Dermvrion AND MEASUREMENT OF VIRULENCE 11

‘The next requisite, when the host and the unit of measurement
f the virus have been decided upon, 13 to define the set of condi-
ot under which variation of the response of the host will be
mmmized It may be necessary to define the genetic constitution
f the host 1n addition to the species This was clearly shown by
abtn (1952) when he discovered that the Rockefeller Institute
reed of mice are insensitive to the 17D strain of yellow fever virus
egardless of dosage Swiss mice are, by contrast, umiformly sus
eptible to this stram of virus  Sabin found that the resistance of
he PRI muce also extended to other neurotropic viruses and ex-
laned the lack of virulence of 17D virus as besng due to the low
evel of multiplicatron achieved by this virus m the mouse brain
e further showed that suckhing muce of the PRI stratn were sus-
eptible to 17D virus up to four days of life, and age 1s certamnly 2
actor of the p n host nthelak y
8 10 man

One thinks, of course, of the Coxsackie viruses as being the best
rxample of hmitation of pathogemeity by the age of the host, but
an enhanced susceptibehity of young ammals 1s found with many
nruses (Sigel 1952) Clearly, age does not matter when virulence

[UA ' o

‘The route of moculation 15 the third factor which requires
standardization  Route does not necessarily matter if one 1s
studying viruses capable of 2 wide dissemtnation throughout the
body but 1t 12 vital in many other instances because of particular
tissue tropisms  Influenza virus affords excellent illustrations of

f the route of \? 1 studying the virulence
of different strains The need to bring the virus toto direct contact
with the cells of thy 'y tract or of the wnthe
caseof neurotropic strams 13 only obviated when usmg baby mice
The fact that subcutaneous influenza virus does not mihiate mfec
tion 1 adult muce prevented me for some time from recogmizin
that I was dealing with an wstance of infection by the neurotropu
WS wirus 1n suckling mrce I then found that the virus coulc
produce encephalitis with nervous system lesions and death up t
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about the twelfth day of lfe Tyrrell and Cameron (1957) later
showed, however, that lung adapted strains of nfluenza virus such
as WS and MEL could also kill suckling mice after subcutaneous
toculation though lung and not bratn lestons were then produced
Clearly some form of barner develops with maturatson of the host

ferent ages (Sabin and Olitsky, 1937) '

Funally, the effects of the viruses on the host must be measured
i a standard manner Mortality 13 obviously preferable to lesions
unless the latter are sufficiently charactenstic and can be graded

ly U 1y, lesions frequently give only crude
1ndices of effect and estimates of the degree of virulence of attenu-
ated viruses are correspondingly approximate

Practical problems concerned with the measure-
ment of the virulence of the poliovirus
‘Theimp ofallth dwithth p
measurement of virus virulence can best be appreciated by reference
to practical problems such as the use of virus vaccmes for human
Fhis will be il d here from th d of
poliomyeliis, which has 1n the recent past caused virologsts to
think a great deal about the definition and measurement of virus
virulence
‘The dnive to produce a hving attenuated pohovirus vacene
which can be used safely 1n man requires an estimation of virulence
1ntwo connextons  Farst, 1t 1s necessary to find stramns of pohiovirus
which cause no harm when fed to man via the alimentary soute
Secondly, 1t remains to be shown that the living viruses excreted by
those to whom the vaccine strain 1s admunistered, are not hazardous
1o those 1n contact with the vaccinated subjects  Both needs have
been explored by means of comparison of the properties of the
viruses n monkey s and chimpanzees inoculated by various routes
Both of these practical problems have led to controversy
Of the three varables d already 1n the prell y dis
cussion, the chotce of host has not been m doubt for most workers
Rhesus or cynomolgus monkeys are the only practicable test spectes
for determining the virulence of the viruses for the central nervous
svetem  Mice are only useful for Type IIstrains and chimpanzees

4




DermIT1oN AND MEASUREMENT OF VIRULENCE 13

4re too prectous  Thus means that most work on the measurement
of the virulence of poliovirus has been sunply 2 study of virulence
for the monhey often on only small numbers of ammals Now
Sabin (1956) has pointed out that the virulence of polioviruses for
the monkey 1s not an ali-or-none character but that viruses denved
from healthy children or after various labox":ltory m:lmpulano‘ns can
R R (R e

o

most virulent strains can reach the central nervous system after
pcnpheml 1noculation, others only produce an effect when l:u'ge
oculated. 1y 1t !he bmn and the most
bral mjection but

may in very large doses stll pm])se the motor neurones of the
spinal cord after intraspinal injection inta the lumbar enlargement
According to Sabin even straimns capable of causing some paralysis
after intracerebral mjection 1nto monkeys are without effect after
sntraspinal iyection into chimpanzees

Inlisrecent p“bhcatmn Sabun (1959) shows \he relative effects
of various Type I p ruses after wto
cynomolgus or rhesus monkeys If 1t 1s thus possible to measure
wirulence with such apparent precision, 1t should be equally
possible for different obstrven to obtain good agreement betw ecn
theirresults | thisis not true and Sabin
the discrepancy between different observers 1s explamed by the
fact that reproducible results demand scmpulous attention to
techncal detail with

A second dlscr:pancy confronts us, however, 1n regard to
reported properties of the viruses excreted in the stools of volun-
teers fed attenuated viruses by mouth. In Belfast, the attenuated
Types I and I1 viruses of Koprowski gave rise to excreted viruses
with power to paralyse monkeys after mtracerebral inoculation
(Dane et al, 1957, Dick et al, 1957) In Sheffield, Sabin's Type
III attenuated virus was fed to chuldren, some of whom became
snfected and excreted virus in the stools  Companson of the wirul-
ence of the excreted virus with the onginal vaccine stram led
Clarke and her co-authors {1958) to conctude that the viruses had
attaned enhanced nevrotropism for the monkey during passage
through the ahmentary canal Sabin himself (1957) has found the




14 C H Stusrt Harmis

virulence of excreted viruses to be Pperceptibly different from that
of the vaccine strains but considers that the quantitative change 13
not such that the viruses constitute a hazard for man He bases
this deduction on the results of intraspinal noculation nto
chimpanzees which suggest that the strams with residual paralytic
properties 1n monkeys are harmless when given intraspinally to
chimpanzees Nevertheless the fact that there 1s some sort of
- - . o

arly under the circumstances of mfection of the human alimentary
tract This overa period of weeks resembles 2 seres of passages m
a culture 1 the laboratory and thus affords the maxumal oppor
tunity either for genetrc vanation or for selection of strains with
particular properties

~ -

a £ v aetennonfnal avinathn

ror
because of this efforts have been made to estimate vtrulence 1n a
host system capable of more nigid control such as 1s possible i
tissue cultures This brings us to a discussion of virulence at a

cellular level

Virulence at a cellular level

The present phase of virus work has given lmpet\ll_s to tbz studz
¢ ' s e
PR

I ' ' 1
systems to provide markers which can be equated or even
stituted for tests m animals 1s refreshing It accounts for the dis
covery that attenuated polioviruses may multiply to a different
extent from virulent varuses 1n cell cultures held at a certain pH
(Sabin 1956) Vogt Dulbecco and Wenner (1957) have mdeed
suggested that growth of virus 1n cells at dufferent actditres may be
a character which 1s genetically Imked with that of the virulence of
poliovirus for the monkey Kanda and Melnick (1959) have also

'
1
sun
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shown that varulent and avirulent poliovirus strasns may grow to
diffenng tstres sn different cell hines, Yot st ennot be sad that
i ¥ b for wha d hosts

the measurerent of virulence, for there 13 3 wide gulf bedweeen the
effects pbserved 1w vitro and or rrvn with the same virus

A given stram of influenza vitus may have a bagh order of vieul
ence for the mouse lung 1 lnang mice but may not attack the cells
from a mouse hung grown n tissue culture  Again environmental
$actors of almost tnvial tmp appears to affect the &
action of viruses on cells  Thus, Frothingham (1959} has recently
shown that growth of the egp-adapted Type 1¥, MEF sttain of
pobnrus in human amnson celly s much affected by the age of the
culture and by motson of the tubes  The virua 1s cytopathicsn old,
but not 1 young, cells and 1n rotled tubes but not 1n stationary
cultores

The profound effects of alterstton mn the bochemical environ-
ment of tissue cultures an the resultant growth of visuses s known
through the wark of Prof H R Morgan  He has shown haw ane
£an tomvert eells 1n tissu e culture 1nto resistant hosts for psittacons
virus by starving them of essential nutrnients (fohgson and Morgan,
1956} 1t would be necessary ro contral 2Yf concevable factors
affecung cell growth 1n vutro f 2 stable reproducible host system
were ta beelaborated  Perhaps st was knowledge of the modifying
effects of environment on the host virus relationstug which led the
virologssts attending the Wisconsin symposivm on Jatent virus
wfectiany w1957 1o refer to the destructive effects of viruses o
cells i culture 28 “eytondal”. They resened ‘wirulence™ far
obsesved pathologeal effects sn whole arumal hosts Ought wa to
do the s3me?

DISCUSSION

Tyrrell T would add the suggestion that i & laboratory study ane
should always nse, if possible & single genenc clone or group of
“orus particles, becawse at 38 probable that ans of the viating factars
a7 thas work 15 that we are dealing with a maxture of different kinde
of wiruses Ve do one test and measure the properties of ons com-
ponent, the pext time wa d b h
of another componens of the muxture

Burnes 1 should Like to underhine that suggestion very strongly

Morgan Thas s afso true when you have theadvantage of downg
wiroexpenmentaan s -7 7 e “ones of




16 Discysston

a2y e Lot

YOU SL4rt Ol With & willerentated Kiuney cell, DY the end ot a tew aays
x:L 13 rather dxjfirent, and, as Frothingham (1959) showed, 1t goes an

dyrreit No
Rilbourne Lest we deprecate the intact host too much, we must
remember 1ts  built in”" homeostasis which we do not have
tissue culture
Goffe There 1s also the disadvantage that the virus as excreted by
the intact hostr 13 not a single clone  If you want to examine the virus
v PR S

polate from tissue cultures to the whole OStS 11 1>/ L)1 Ludpion
1ere and I studied the susceptibihity to myxoma virus of guinea pig
human and other tissues tn culture ' We found that cells of all kinds
of spectes were susceptible At that time we found in the literature
only one or two other examples of a non suscepttble species whose
cells would grow a virus 1n tissue culture  Stnce then it has become

virus

Smsth Oneshouldalso b t theseso called
clones as being relatively umforrs  How quickly do they change ?
From work we have done 1t scems that 1n spite "f the use of what s

monan @ vim &

populatron I am quite sure that 13 not'so v A et el
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hetesozygaus 1 am confident that many snfluenza virs particles sse
heterozygous 1 @ <srTyIng two or more alternative genomes 1t
yetto be proved whether o not the pok h That
wiroduces & major difficulty sto the question of producing and
antmring puse L:!nne irus
pat . Nela

et e My e e wmbes e

brought the disease hame o homes where old people and voung
dnkgen b"i achance of: mxng, t(he ald people got mﬁumpnpt s

undefined
Dick s the actual quantity of vires multrpheation known ? We
knaw that, m polamyelitis, the varus mulsiplies better t small
childcen than 1 adults gven the same dose of virus Does that
P



HOST CELL FACTORS AND VIRUS
VIRULENCE

HerBERT R Morcan

Louts A Wehle Virus Research Laboratory, Department
of Bactenology, Unwersity of Rochestér School of
Medicine and Dentistry, Rochester, New ork

IN the interaction of a virus with 1ts host cell, both members of
this complex have an important réle in determining the outcome
which 13 a measureof the virulence of the virus,and each 1n turn 18
subject to factors 1n the microenvironment m which this contact
occurs  In constdering the rile of host cell factors, 1¢ 15 desirable to

the role of 1 factors such as antibody and
herefore 2 of this d prmanly to 1 wiro
systems has many advantages The m viro system permuts the
study of a given virus with a defined cell systern 1n which all of the
cells are subject to direct observation and the extracellular en-
vironment 1s subject to control  Also the 1 vstro system makes 1t
possible to simplify the defimtion of virulence which will be taken
to mean any visible effect produced on the host cell which wall
nclude not only cell destruction (eytopathogenic effect, CPE) but
cellular all d with cell repl a3
produced by certain tumour viruses Our growing knowledge of
these latter agents requires that they receive recognition as an ym-
portant group of viruses that possess certamn unusual character-
1stics, the most striking of which s their capacity to stimulate the
unrestricted muluplication of the host cell 11 tivo  Admttedly
their effects on cells n e1tro are not compauble with the more
classical concept of cytopathogemerty based on cellular destruc-
tion, though under certain crrcumstances they may exhibit this
action i tissue culture

The 1nteraction of the virus with 1ts host cell may have several
general forms () the virus may multiply and produce a cyto
pathogenic effect (CPE), or (5) 1t may produce 2 CPE without the
production of infectious virus though there may be evidence of the

synthesis of viral components by the host cell In both of these
20
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cases, the virus wonld be considered virulent mestre Onthe other
hand, the virus may {£} multply without observable effects on the
cell, or () £l to muluply and to produce an effect on the celi and
be consulered avsrulent in cather casy

“The fadare of completron of the mfectious cycle by 3 virus an
rontacy with z cell may ocout at a number of different phases in
this cyele, 12, adsorption, penetration eclipse, vival teplication
and release  Cellular factors may miluence most of these eyents
a dectve manner

Hostoall £ 8 pErad g 3

¥ 4 eclipse

The susteptibility of freshly solated cells o virus snfection and

seq has been ext ty studied with polios
vrcus mfection of moskey kidney cells Kaplan and Melmck (1955)
shoved that kednty cells from the South Amerscan capuchm
monkey supported the grawth of Type 1 pobovirus wathout
evidence of 2 CPE and thus the virus might have bees thought to
be avirutent for these cells  However, st waa shown that the cell

pulation adsorbed only & emall part of the virus snoculam (hap-
fan 1935)and that only sbout 1 cell 1n 2000 was susceptible to vizus
wfeeton These few wnfected cells accounted for the viral replica-
tion Obwousty the lack of s CPE was due to the fact that the des
tructson of 2 small number of cells 1n the large populsteon eould
not be detected  Faulure to adsorb virus rendered 3t avsrulent for
the majonty of cells  However, the adsorptive capacity of the ceff
for polovirus 15 not the onty factor important i the sustepubrhty
of kidney cells from different monkey specres, smnce patas and
rhesus monkey renat cells adsorb virus equally wett, but a farger
rumber of plagues appear on the patas cell monolayers Ths
ncheates 2 greater depree of susceptilntity of patas cells which yo
due to sone event in the mfectious cycle other than adsorption of
virys (Hawng and Melnsck, 1958q)

Other studies of 2 wmilar nature have been carmed out using
established celt ke i continuous culture Usiog Type 2 polias
virus 1t was found that resistant cells (rabbit kidney and steain L)
adsorbed h fess 1 {monkey
ladney and HeLa) and that the virus sdsorbed voas mope firmly
bound to the susceptsble cells 2nd appeared to enter the echipse
hace farle eamdly Ribumhars Hahal 4nd Tabsmatn AP0




22 Herssrr R MoreAN

Ioosely bound, since egg adapted mumps virus binds to L cefls and
farls to clute, though it produces no detectable effect on the cells and
does not multiply (Bader and Morgan, 1959) A systematic study
of this difference in susceptibality of vastous mammalian cells to
poliovirus confirmed the fact that a number of susceptible stratns
of primate cells, mcluding HeLa, strongly adsorbed poliovirus,
while msusceptible non-primate cells did not and the virus that did
adsorb to ptible cells eluted sp ly (McLaren,
Holland and Syverton, 1959] Furthermore, the virus 2dsorbed to
the non susceptible cells failed to enter the eclipse phase Addi-
tional studies (Holland and McLaren, 1959) revealed that the
capacity of HeLa and possibly the other susceptible cells to
adsorp, recene and eclipse poltovirus was dependent on the
presence 1n the cell wall of a speaific cellular receptor which
Sae ot e aie _ e n

£ mcmnnn mtnha

@ nall

. LI IR Y BT S T

nfe virus
infectious A L by

virus show a sharp reduction m mfection rate when treated with
the receptor-destroying enzyme (RDE) In the living chick egg,
these receptors ase regenerated with the passage of time and sus-
ceptibility to nfection returns ‘The discovery that the mucus
secreted by respiratory epithehal cells contams a matersal symilar to
the receptor substance, which may bind virus and thus render 1t
tncapable of nfection, provides evidence that two host celt factor‘!;
have a rdle 1n the determination of viral virulence, 1€ 2 specific cel
wall receptor and a cell secretion
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Host cell factors in viral replication

A number of investigators have reported that following the
exposure of a large number of cells to a given virus which ordimanly
produces a CPE on these cells, a few may survive and multiply
even though virus may perssst in the culture In the case of polio

- Pr S -

<A KDWY nfans EPUEE

not due to differences 1n therr capacity to adsorb poliovirus but to
the subsequent probability of infection and cell kifling by an
adsorbed virus particle

These d that of
cell hines are composed of memhera nf A Farant e v

dleluerelore resistant
In other investigations 1n which large cell populations have been

aven nd
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that 2t a given time only a proportion of the cells were n the proper

physiological state to undergo infecion However, prolonged

cultivation of the carrier cultures tended to select cells with 1

creased resistance to Covsackie A9 infection In studies with a

persisting 1nfection with NDV 1n MCN cells, Deinhardt and co-

workers (1958) also came to the concluston that, at any moment,
t e oan PP - f

The author postulated that the presence of the serum produced an
optimal physiclogical state of the cells 1n which they could carry
the burden of viral infection without a CPE  However, the posst

bility that this was due to antibody 1n the serum could not be
eliminated even though rabbit antibody did not produce a simelar

d that the of chick
pr vor . e

with p virus

manassns an and davelonment of the €clipse pldse pul

multipled when the missing amino acid and horse seiuul Wele
added Such omission of amino acids from the culture medium
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has been shown to result n their disappearance from the free
amuno acid pool of the celt (Prez and Eagle, 1958)

Studies with poliovirus mfection n HeLa eells (Damell and
Eagle, 1958) showed that cells depleted of vitamm B, farled 10
support viral growth and that this was due to a disappearance of
certam amino acids from the free amino aaid pool from which the
virus was syathesized (Levintow and Datnell, 1959) Herpes virus
1nfection was also altered in a similar manner since 1t infected L
cells but farled to multiply when amino acids and water soluble
yamms were absent from the culture medwm (Pelmont and
Morgan, 1959) Type 2 adenowirus produced a more rapid des-
tructise effect on kB cells when the concentration of arginine mn the
medium was nereased 10 times (Borufas and Schlesinger 1959)
An increase in virulence of the virus for these cells could be pro
duced by rasing the concentration of arginme It 13 of interest n
this connewion that Mulls (1958} obtamed evidence that the re-
quirement for certain amuno acids of the cells of the chorioallantors
of de-embryonated eggs 13 sncreased when they are infected with
the Lee stran of mfluenza B virus

An adequate nutntional state with reference to water soluble
vitamns and amino acids 18 a necessary condition for the physio-
logical competence of some cells to support the growth of certain
viruses which have entered them and hence one type of intra
cellular host factor determiming virus virulence appears to be
established

A decrease 1n the concentration of bicarbonate 1n the medam
MY atarfare m th oha oo —e £ 7 B P
assume that this was solely an effect of pH on the host virus inter-
action, but adjusting the pH of the medium with NaOH did not
wnfluence plague development with poliovirus (Hsung and Mel
nick, 19585) although virus growth s reduced at low pH  Further-
more, in the on the réle of bicast n growth of
Covsackie B-1 and polioviruses 1 HeLa cells the bicarbonate

oL oas PR

defic anem en T4 ha can vad
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pH effect 1n phases of cellular metabolism necessary for poliovirus

proteins, presumably enzymes, which are necessary for virus
synthesis

Perhaps the earhiest observations on physiologrcal factors and
host susceptibility to virus infectton 1 vitro are those of Enders and
Pearson (1941) who reported that tissue cultures of chick embryo
lung supported the growth of the Melbourne stramn of influenza A
virus at 37° but not at 41°, though other nfluenza virus stramns
grew at this temperature {Colville, Dunbar and Morgan, 1956)
Growth of polio virus has also been shown to be reduced at 2
temperature of 39° (Lwoff and Lwoff, 1958) Wheeler (1958)
showed that a change in the temperature of incubation of the host
cell from 28°in stepsto40°hada effecton the
multiplication of herpes virus in HeLa cells with a maximum varus
yield at 35° Furthermore, cells tncubated at 28° and showing hittle
or no evidence of virus reproduction promptly produced increased
amounts of virus when the mcubation temperature was rarsed to
35° In other studies with influenza virus 1t was shown that at 25°
the vrus did not grow m the cells of the allantorc sac of the chick
embryo, but soluble antigen and haemagglutinin 2ccumulated tn
the cell and transfer of the infected eggs to 37°led tozrapidappear-
ance and release of infectious virus (DeSanctis and L, 1959) The
temperature of the host cell therefore 13 an important factor in viral
replication, and 1f 1t 13 low, though virus may undergo incomplete
replication, 1t does not attain the nfectious form and therefore
fails to manifest virulence .
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limated replication of the varus which 1n most instances destroyed
the cell However, all celis mfccted and undergoing this partial
growth cycle were not destroyed A suular situation has been
described with NDV 1nfection of Ehrlich ascites tumour cells 1n
which the virus penetrated the cell but failed to complete ts growth
cycle though the cell was destroyed (Prince and Gansberg 1957)
1n these mstances sorne host cell factor prevents completon of the
growth cycle and thus influences viral virulence, for even if the cell
1 destroyed the viral components released are not infectious and
therefore not virulent

Other viruses such as mumps may destroy cells s tstro without
detectable viral rephcation (Henle, Deinhardt and Girards, 1954)

) DA SRR So e

Morgas, 1950) 'This viral property which may be related to virus
wirulence (Morgan, Soule and Marmetts, 1959) 1s dependent on
host cell factors for 1ts mamfestation

Host cell factors and tumour viruses

Before this it s to consider
host cell factors that influence the virulence of tumour viruses, for
1n this case virulence ts not manifest s t1vo as a destructive action
on host cells (with the exception of the hacmorrhagrc disease pro
duced in chick embryos by Rous sarcoma virus) but rather as therr
conversion 1nto a new host cell virus system which perpetuates
nself and 15 with of the
cells In ziro however the tumour viruses may demonstrate
either the capacity to transform normal cells to a malignant state
or to produce a CPE on the same cells An analysis of thus pheno
e Tt Tt o or v

subcultures could be made from these degenerating cultures and
vigorously growing, apparently healthy cell colomes were obtamed
which continued to produce Rous sarcoma virus, but these 1n turn

“
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degencrated None of the cells demonstrated an 1ncreased pro
Iiferative capacsty, It was later discovered (Temn and Rubin,
1958) that 1f the chick embryo fibroblasts transformed by Rous
sarcoma virys were d under better ! cond

the transformed cells did not show a CPE, but multphied and
could be grown for twenty generations Thus, the physiological
state of the host cells determtned their response to the virus, 1¢

- T - - t o &t

Tt was also discovered that at any one time only 10 per cent of the
chick embryo cells were susceptible to tmfection by Rous sarcoma
virus even if a clonal population was used, and the investigators
believe that the physiological state of the host cell 1s of importance
1n decrding whether or not 1t 1s competent to be mfected by Rous
sarcoma virus (Temin and Rubrm, 1958)

In the case of Rous sarcoma virus, the physiological state of the
host cell may determine whether or not the cell can be mfected and
swhich two diametrically opposite resuflts 1e cell death or cell
muluphcation, will occur

DISCUSSION
Teagrs One of the factors i celtular resistance may be the mduf.

due ta the productton 0f & SUbSIANCe WILLY LUEY vas v 2 s ¥
inhibttory factor) That substance seems ta be very simifar 1n nature
ER

~ avomsly nfacted

muluplying *

Morgan_No

Tsaaes They produce virus without multiplymg ?

Morgan These cells so far, do not multiply mn such a simple
synchetic medram without the introduction of serum [ have never
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yet been able to make the cells mulply wchout the production of
wirus These cells depleted of a certain c:ngle amino sed will remasn
' L ada 4

out e long trme 2ge the case of pneumoroccs end thewr pathogemicity
fo{ t&e rahbn—t);at you could comla‘le this very neatly wath
.- . et I Y ST TS
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Morgan If you select out the heat-resistant varjant you will geta
pathogenic effect also at 40°,

Andrewes D{ Isaacs has suggested that i trssue cultures of
. [ ot . Pl gtipini i

tht' nterferon theoty

used
Kilbourne Ts st clear that the yirus 1s intracellular 1 those experi-
‘menf
Morgan It1s probably multiplying at or near the cell surface
Burnet Did those resistant cells mamtain their resistance on
further cloning ?
Morgan I think so
Burnet This would be crucal for decrding whether 1t 33 a physio-

logical or a genetic vanatton
b bl ' T asl mn 4 4 ool eacfacnn
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particle At any rate, under these circumstances found i the m-
fected, depleted cell, for a period of three weeks nothtng 1s happening
1 those cells except perhaps the rephcation of these large bodses
Now 1if they were multiplytng we ought to see them. becsuse these
are easy to recognize In the electron mirrnerana Hana ac o L1

- L e
carrying out over several years, and more recently 1n tissue culture
materal, I have noticed a very constant relationship between the
nucleolus and the nucleus during the stage preceding what 1s usually
char_'ded as:: cyfupa\hlc" change, nucleolar enlargement beng the

along those lines At the submicroscopic level a vast amount of
matenal would have to be examuned before one could be certan
whether or not significant changes exist in such altered cells
Morgan Alterations have been reported in some of the carner
cells, with the poliomyebitis virus, 1n which you can produce the cell
carner state These cells are gltered 1n that even though they
SN L e o - .
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influenza virus
Perera When one constders the parallehsm between virulence
PR B G A CRR Ayt
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pathogentcity for man Types 1 2 5 and 6 are the viruses which
most frequently cause latent infections whereas Types3 4and 7are

e ones more commonly associated with epidemics in man  These
two groups formed on the bass of pathogenscity for man can also
be grouped by several laboratary properties and an investigation of
possible reasons for this grouping mught lead to some interesting

Peretra In that respect taking the adenoviruses the type of
eytopathic effect of Types 2 § and 6 for snstance 18 remarkably duf



THE EFFECT ON VIRULENCE OF
CHANGES IN PARASITE AND HOST

C. H ANDREWES

National Institute for Medical Research,
Ml Hill, London

Nowapays we all accept Theobald Smith’s dictum that the
natural tendency of a host-parasite relationship is towards a mutual
tolerance which will permit a survival of both partners ‘True, the
association 1s at times an uneasy one, hable to be disturbed by
factors of vartous kinds Rather than dwell upon this, however,
let us consider the cases 1n which some degree of virulence favours
survival of a virus, by facilitating 1ts spread to fresh hosts

Resplratory viruses

Viruses which are spread from the respiratory tract would seem
to have a better chance 1f the mfected host coughs, sneezes or
otherwise distributes excessive secretions A measles or a common
cold virus which was completely avirulent and caused no coryza
would be expected to spread very poorly This sounds entrrely
reasonable mevertheless 1t 1s not sure that this is always true In
one experiment at Salisbury on transmission of the common cold
by contact, the only cold amongst the recipient normal volunteers
was 1n one exposed to an infected volunteer 1n the incubation
pertod of hus cold and as yet without any symptoms  On the other
hand, influenza spreads very successfully only when it 1s fauly

virulent  We know that inapparent immumzing infections occur,
[ PR A D T I SUUNCON Ay

We

. and

sneezing almost certainly helps the spread of some respiratory

viruses, even though others can spread at times without the ad of
this expedient

Enteric viruses
The many viruses causing diarrhoea—in man, mice, pigs of
cattle—are all, so far as we know, excreted in the faeces, they surely
34
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bave a besser chance to spread betause of the greater velume of
excreted faecal matter which results from ther vinalence for the
tntestmal tract O the other hand, the enteroviruses proper—the
potio, Covsackse and Echo viruses—seem to spread quste readily,
though commonty causing Ko diasthoea at all I we belong to
schoal of thought which believes in ther spread from the respina~
tosy tract, it 13 then relevant that except for the herpangina caused
bysoma Cor
at that end of the host wther The virulence they show for the
nenous or musoular systens geems ta be acaidental and quite
wrclevant to the virus's evolutionary needs  These viruses are all
tough, reststant to many physical and chercal agents, more so
than the respiatoty viruses {other than the adenoviruses). So
perhaps they can persist (n the environment long enough to have s
reasonable chance of seaching @ new host they have not needed to
2cquire of retamn the virulence necessary to aid thesr spread 4
paraliel 1 afforded by ticks and trombicshis which san afford to
wm hungnly for prey for neeks at 2 ume, they do not need wings
On forthe ent

wiruses that, wuh waprovements . h‘[g\ ene, things will get uasdes
for them and that they wilf hay ¢ to evofve a more efficrent mechan.
1sm for distnbution, even that spread from the respiratory tract
maght prove to be operatonally more worth while than relunce
on 2 faeeat romte

Arborviruses

The siuation with atborviruses 13 very different  bere, the 1m-
portant pownt 1s the hesghtand durstion of viraerua, giving optimal
chances of spread by an arthrapod to another host  Most arbor-
visuses probably inhabit a reservosr host for which they are
harmiesy this fzct spcak: agamst any evalutionary tendency
towards high the host to aad spread A that
rankeys consutute the aatural reservorr of Jung!e yetlow fever
Afniea, we roay note that the virus, which s normatly harmless to
them, perpetuates seself just as readily as it does tn South Amenca
where the local monkeys tend to suffer from lethal epidenmcs
Macnamara (1954) faund that chnscal seventy of yellow fever in
an was net correlated with duravon of viczenua Viralent infecy
tions by the equine encephalomyeliis viruses 1 horses snd man
are certawnly of no value tathe vicus, they are blnd-atley afections
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with 2 viraemia too short and too low to help the virus to spread
One cannot conclude, however, that spilling over of arthropod
viruses mto strange hosts 1s never assoctated with a high viraemna
leading to rapid epidemic spread in the new host, This1s doubtless
what has happened 1n the past when jungle yellow fever has led to
an Aedes aegypti~Homo sapuens cycle, very favourable ta the virus
With certain apparently new eptzootics caused by arborviruses,
onc may suspect that something similar is happening

Before dismussing virulence as ummportant for the survival of
arborviruses we must recall that it can be looked upon either from
the potnt of view of the whole animal, as a factor leading to illness
or death, or on 2 mrcroscale as a matter between the virus and the
parasitized cell—a sort of microvirulence  If the cells are of an
expendable sort this may matter Lttle to the host At this cellular
level, however, 1t may be that a more effective microvirulent virus
may be one which leads to higher and longer viraemia and prospers
1n consequence.

Myzxomatosis

We may speculate about the effect of natural selection on the
virulence of other viruses, but about myxomatosts of rabbits we
have actual knowledge. The facts are of much interest Natural
selection appears to be acting to favour a virus, not the most or the
least virulent, but one having an intermed:ate, optimal virulence

In Australta, spread 1s almost wholly through the agency of
mosquitoes, and these, to be efficient vectors, must pick up virus
by biting through highly infectious skin lestons, not enough virus
can be acquired from blood Since 1950-51 the virulence, as
Judged by mortality rate, has been fallmg‘ {enner and Marshall

Py T, eto - mereoa tat
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after a standard moculum, they estimated this latter value, there-
fore, and could then classify their varus strains into any of 5 grades
of virulence The evolutionary tendency towards a less virulent
vrrus 1s explained by the usefulness to the virus of longer survival
of rabbats in a state capable of transmitting mfection to fresh hosts
through bites Th of the sel 1sshown
by the fact that highly virulent virus has been introduced mto areas
where the virus 1s less lethal than Australian farmers would like;
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3et 2 matter of months the older, milder strains have completely
pushed out the more rapidly fata} ones ‘The loss of varulence
must not, hawever, be carried too far, stratns whose virulence 13 tao
low fad to give fise to 4 good enough leston or this regresses too
early, so that mosquitoes acquire varus less readaly

In Britan, also, attenuated varnants have appeared but they have
not been replactng the virulent stramns as rapidly as i Austraha
It appears, 1n fact, that the ratio of virulent to attenuated strains
may sn places be wcreassng  The diffecences may be due to the
fact that the main vector tn Butam 19 the rabbit flea, not the
mosquite  Now the Australian rabbrt, infected wath an attenuated
wirus, lives for many days 20d so c2n tnfe qt which
bute st when its tarnaurs ace full of vrus, fly away and Jater bite and
1nfect another rabbit  The British rabbst flea, which is 2 rather
sedentary specics has, on the other hand no tempration 1o leave a
roldly mfected rabbie, Ifthus dres aftera chronicllness, there may
be but httle virus, or virus muxed with antbody, on the flea's
proboscis, and of the rabbrt recovers there may be no virus at ait
Ay lagae o e e i

stran
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survive 1 keep the anfection gomg  If lesa virulent varus 1s also
present with 1t, numbers of rabbuts will recover and therr progeny,
fully susceptible, wilt be on hand to help perpetuate erther virulent
or avrulent stratas §3 13 hard to forecast how natural selection
mught act upon suchk an iwtriguing and comphcated situation,
perhaps at might favour 2 virus which as regards its virulence was
genetically :mmb!e

[P IS .

mortality was down after 4 or 5 years to 50 per cent, while after 7
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annual epizootics only 30 per cent of moculated wild rabbits died
An nteresting result of this change 1s foreseeable virus of optimal
virulence for the unmodified rabbits may be too attenuated to have
the best chance of survival m the rabbuts of today Virus may
therefore tend to attam not to a fixed level of virulence but rather to
operationally similar behaviour this 1n practice wall mean amore
wirulent stram assessed 1n terms of tests on unmodified domestic
rabbits

The level of virulence of other viruses at large today may well be
the result of interplay of similar factors The low virulence of
measles virus for Luropeans as compared with that of virgn
populations as in Fiyi and the I'ardes may be due partly to genet ¢

fl and partly to factors d rath h 1

Runderpest

Another example of genetic differences 1n resistance to a virus 1s
worth mentiontng because 1t has such a practical bearing on efforts
at control by immunization  Rinderpest virus has been attenuated
1n the laboratory 1n three ways--by passage through goats through
rabbits and through chick embryos  In each instance the virus has
gatned virulence for the new host but has become more or less
attenuated for cattle The precise level of attenuation which 18
best for practical use depends upon the breed of cattle concerned
{Brotherston 1955 56) A vacemne which 1s excellent for many

[N PR

highly attenuated for the more resistant zebu and the stll more re

sistant buffalo and wall have little useful immunizing effect in them

It seems not unhikely that the zebu and buffalo coming from
countries where they have had to coexist with iinderpest for many
years have acquired some genetic resistance just as have the
Australian rabbits to myxomatosis

Summary
Multiplication and spread of a virus are favoured if 1t 15 not too
virulent so that the invaded host survives for a reasonable time to
furnish a source of infection of fresh hosts On the other hand 2
certain degree of virulence exther at the level of the whole host or of
the cell may be necessary to provide * tre 1n blood or

P
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excretions, so that there 13 plenty of virus available for a new host
‘The most successful virus will therefore have the optimum virul-
ence for a particular host  But since the host’s resistance may atself
change through the operation of genetic or immunological factors,
the virus may have to change too, and there results an unstable
balance An g may lead to a temporary eclipse of the
virus on the one hand or to an alarming epidemic on the other

DISCUSSION

Nuen Dr some telling
phise, snd e ot produen *expendable
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Uelween TALLUY, LUL, I DI early WOTK, thoUgnt tnat tnis was
probably how it would spread tn the field, 2nd from about 1933 until
1950 the standard strain was passed by cage contact between rabbits
Fe;mer hf“ alwnays used thgt strain as coanml, and we can be quite
I inausopt vt 2 R it e A S

large experiment

P am mmsh eilacal Tuane s abaana by brantd

epizootics the whole situation has been dmm{xated by x:vnat rem‘lel
WU pEvegkn e

cting 1nfectivity by causing a more severe or 4 Iess severe joLdi
S e B e e s, raboy whrs

s 1mportant point, n relatron 1o myXoinalvess
Dack A.f.mfhe e D e \ehnentary tests of the viral-
1y

m-

m%ﬁ;;f:: Itas the hole ecolc 1 field which will

termine what survives.
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Another point of some mnterest in regard to the Australian myxo
rmatosis experience 18 the nature of the process by which a relatively
less varulent strain can emerge, presumably as a mutant, from &
population of highly virulent material Fenner and Day have dis
cussed this, and their conclusion 1s that the average dose transferred

‘virus you recover here 1s much more virulent than those m Australia
It 15 surprising that seermingly, even if Brinish virus were assayed in
British wild rabbats and Australian virus in Australian wild rabbits

that m areas where the temperature 1s higher the mortality 15 lower,
n arrnedancs o ¢ Thanean o e pA

fabvuine 11 Andiewes 1dea that a certain amount ot virulence
18 necessary for dissemination of virus 18 a fascinating one  \We have
done enma svnar mante rarant! o L b oA hain e 3t

interesting thing 1s that 1f one takes what 13 antt
stramn which 13 not mouse adapted, such 8
» Ertueaiuig it
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LR L S O we v
hus stram of virus, and reproduced exactly the kind of cage that he
used, but 1 just could not reproduce fus results under Britsh condi-
tions 1 never found out the reason for the differences

Kulbourne We have succeeded thus far 1 all three expenments
using the mouse-adapted stran  Our test for the presence of i~
{ec{mn m the ugeLm|at&—lhe contact mouse—is the presence of

Kalbourne Some of the titres obtained are 10° or mote

Henderson How many transfers have you obtaned in this way?

Kilbourne Our test for the presence of infection has been the
palpable demonstration of virus in the contact mouse lung

Henderson You have not tnied to transmut this cross-infection to
yet other normal mice ?

Kilbourne No, not yet
Henderson In our expertments this can happen 1n a very small

percentage of cases giving quite high virus titres, 1n the lung, but on
Ve & et Rita by

know

Henderson One possible I for the lack of
transfer 1s found 1n the type of expenimental condition that we have
beenusing Thenfection 1s induced first of all by very small particles
——clouds—n the lung and we know that the particles that come out
of the mouse whenever 1t sheds the virus are quite large and that the
chances of getting to vulnerable sites are much reduced Thus also
happens i guinea pigs with other infectious agents



BROAD ASPECTS OF THE PROBLEM OF
HUMAN VIRULENCE IN INFLUENZA VIRUSES

1. MuLper

Department of Internal Medscine, Medical School,
Umversity of Lewden

In 1953 Burnet described m his book ** Natural History of In-
fectious Diseases™ what he thought would probably eccur should
anew pandermuc of influenza appear, noting that 1t was difficult to
wnte about influenza without indulging 1n speculation Two
years after the appearance of the 1957 pandemac, we can state that
nearly every point which Burnet rased has been consistently
proved correct Indeed, one of his remarks concerned the possi-
bality that antibiotics might be relatively useless in saving many
lives This point will be the main subject of the present paper
‘because we beheve thatm 1957 amomber of patients died from pure
wfluenza virus pneumoma

. Fhad St

say, mtrnsic bronchotropic virulence In muce, bronchotropic
virulence (Straub, 1937) of straight egg-line virus can be demon-
strated mucroscopically 1n the first or second passage without co-
eustent damage 1n the lung tissue (Fig 1, TableI) Itss, howeser,
probable that viral “towc”” lesions can appear 1n the cihated
epithelium 1 mice when a lugh dosage of egg-lme virus 18 mo-
culated (Table II, Mulder and Hers 1959) Studles on the in-

dividual himan -

uelermmed by (1) the degree of intrinsic bronchotropic virt
4
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Fic 1 Section of mouse lung 25
days after intranasal miection with
32 FAD of the first mouse eng
passage of a lung non-adapted 10
fluenza A1 (1921) virus (I nserpool
type P phase) Complete ¢ytonecrosis
of bronchiolar epithelum  The tung
tissue 15 normal and all control mice
sursned (see Table 1) o)l smmersion

4]

Ti¢ 2a and b Section of mouse lung 3 days after intranasal infection
with lung adapted mAuenza swine A virus (altantoic Aurd) Broadening
of shcolar septa with nterstinal exudate

Cytopathogenic changes tn what are behieved to be atveolar cells w th
nuclear fragmentation and vacuolzation o) tmmersion

To focep 4+
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1946-1951, after the appearance of the anbgenic vanant Al
(Stuart-Hams, 1953) may perhaps be explaned by a penodic
werease in intninnic bronchotropie virulence of successful Al
stramns, and x)xe same may have occurred after 1934 when the
PR e Ao Ll fam Ly Eans s

LEUEL  LIMY 13 LEdLLY USINULSLEALEU Dy (L WILEILBL lespulises
cavsed by the viruses of influenza Aand B Carcful comparative
viralogical and lustopathological studies within the groups of
mfluenza A and B regarding their mtnlintninsic virulence for the
cibiated epithelam of the respiratory tract of ferrets and mice are,
2s far 23 we know, lacking Turated ongnal infective human
matenal will also be needed for experiments of this find because
Jead ol ashasbeenclearly
demonstmed by Burnet and Bull (1943) m their work on OD-
phases 1n former human A-strains and 1 vaceination expenments
with intranasal application of straight egg-line virus (Isaacs and
Roden, 1956, 1saacs, Negront and Tyrrell, 1957)
PQ-phase differences may also be refated to the problem As
far as we know, however, 1t 15 not certain that both phases actually
oceur in the human disease Q phas: egg-ling virus1s fess antigenic

o boa Farcab sk Bemrn T VST R P A Y

hemisphere cxisting exclusively m the P-phase (Isaacs, Gledhll
and Andrewes, 1952), and Smith, Westsrood and Belyavin (1951)
have demonstrated an zbnormally virulent or “lm.lc behavmur

{Fukumi, 1959) thmg 15 yet koown about theit mtrnsic
hmncho!mp:c vu-ulencc in ferrets and m‘ce n compaman thh
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To we may conclude that daff 1 the degree
of mtnnsic human bronchotropic virulence in 1nfluenza virusts
within the A- and B-group quite probably do exist, but more satis.
factory standardized laboratory methods are needed to enable usto
determine this quality more quantitatively, assuming that the ex
penmental animal 18 a refiable test object

Stiil more difficult 13 the situation concermng the problem of
human pneumotropic virulence of influenza viruses  Before 1957
we had only the vaguest 1dea about the possibility of the existence
of human influenza-virus pneumoma, which emerged exclusively
from the exp of pathol duning the phe of 1913
and from the knowledge that most stramns of influenza virus A can
be made killers of mice, ferrets and hamsters, causiog the well
known swollen, plum coloured consolidated lungs Naturally
oceurring swine influenza can also cause virus pneumonta i this

animal

On exanunation of 148 virologically proven fatal cases of Asian
influenzain the Netherlands, Dr Hersand I came tothe conclusion
that about 20 per cent had died from a cunous form of non-

bacterial pneumonta which resernbled closely some of the accurate
d of 1918 nfl 1 p given by Le Count

A P

e 19 1000 Y 4 1 a9 e emmn o L g aqremalle Yonnz

1959, Ne\‘vwmbe, Nixon 2nd Thompson, 1958, Rack, Braude d“l‘g
Moran, 1958) In the penod 1941-1957, HersA(ij) 'examm"cf !
N ' - . tr Vo0 e - raea -

10 the trachea and, 1n the majonity of cases, to extend down o the
interlobular bronchiclt but only very rarely to the respu’itof%
bronchiols, and probably not to the alveolar ducts Naewdence o
virus pneumonia was present Al cases, except th’e one mrme,
withinfl B,diedf; L moui
A similar type of leston was found 1 66 fatal cases of secon n; );
infected Asian influenza 2s well as 1n 6 cases which died from othe?
causes during the acute phase of this disease
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In 30 other fatal cases of Asian influenza without coexstent
bacternal inflammation the epithelial lesions were found m the
mpxmory hmnchmles and alveolar duns, and heavy d:xnge had

larsepta Inthe Neth

of this fatal type of pneumomnia has been very fow and can be
roughly estimated to have been 1 1n 4,000 cases of Astan nfluenza
including cases with coexustent banena‘ mfection  ‘There 13
strong enidence that n
mice, ferrets and swine s basically xhe same pazhologml process
2s 11 man, but 1t 15 more difficult to demonstrate capullary throm-
bosis i the ammal disesse. However, typical cytopathogeme
changes m what is most probably alveolar epithelum with frag-
mentaton of the nucler can be clearly observed (Fig 2a and b)
Itisaremarkable fact that we are learming to understand expen-
mental influenza-nirus pneumona from the autopsy findings 1
the human disease 1t 13 probable that the capillary thrombosis
with tnterstiual focal leucorytic exudate, capitlary bleeding and
“hyaline membrane” formation seen 1n human nfluenza-virus
are ph which are dary to the necrosis of

the ahveolar hmng, but the possibality that the yirus can also
darnage the capilfary endothelial cells cannot be refuted  In the
near future new details of 1ofh mboth
man and ammals may be found by applymng the technique of
ﬂunmccm-hbclled antibody and by electron mucroscopy. Onn-
howeser, ity bly certain that we can define
pneumotmplsm of the mﬂ\m\za Virus a3 s po(cm:y to muluply in

, h 1

Us.
Through the work of Burnet (1954, 1955) we can postulate that,
dunng the process of adaptation 1n the animal lung, the virus
develops new genetically determined qualities to destroy this new
type of cellular host

We may conclude that human influenza virus pneumonia

d 10 the 1918 and 1957 pands dihatthe lung damage
10 man 18 basically sdentrcal with th dviras p
1 susceptible animals,

'I'he ﬂrst question we must ask 1s whether the vartous strains of
e C v 10N A 10ETL e end
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L anon
again under the influence of z new great pandemuc, the same
occurred but there 1s no certamty that diagnostic efforts were
stumulated ona suffictent scale between 1919 and 1957 or that st was
considered worth while in this perod to publish findings sdentical
with those seen 1n the pandeme year of 1918

The negative findings of the 18 carefully studied cases in Lerden
between 1941 and 1957 offer no convineing evidence 1n companson
with the 148 cases studied 1 1957, There has been one case,
pubhshed by Parker and kers (1946), 1n which there most
probably occurred a pure influenza virus pneumonta This was a
case of influenza A from the year 1943, caused by a PRS type of
strain
Perhaps there 1s one clue to an answer, relating to the fact that,
n 1957, influenza-virus pneumonia often occurred in patients
with chronic heart disease, including chrome rh docard

us In the Netherlands Dr Straub, a pathologist who has beena
keen observer of fatal acute lung disease 1 Rotterdam, made a
careful study of the I on 1918 mfl ! and

P
found to fus surprise that early and late m this pandemic four
publications by pathologists (Glaus and Fritsche 1919, Obern
dorfer, 1918, de Vres, 1919, Wegeln, 1919) mention the re-
lanively high freq of chrontc endocarditis, espect
ally mrtral stenosts (Straub, 1959) However, neither 1 lus norin
our expensence has chronte endocarditis been a clearly defined
underlymng conditfon m influenzal preumonia duning the penod
1937-1957 Semple (1959} has found no significant increase in the
death rate from mitral stenosis or chromc endocarditis during the
severe Laverpool epidemuc of 1951 On the other hand, 1t should
be emphasized that the fatal case of influenza-virus pneumonia
deseribed by Parker and co workers (1946) concerned a 39 )C“}:
old man who had myocardsal fibrosss and was an 1ron worher, bot]
conditions perhaps favouring the development of this dxse:sejs

In concluston, we can say tentatively that m the period 1933~
1957 the human stratns of influenza virus did, but only very rarely,
to the p 1918

cause virus p m
str2in and to the Asian type
What can experumiental virology contrbute ta the undexstanding
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of the problem of human influenza virus pneumonsa # [t has been
shown by Shope (1935) that alaboratory strain of the swine A~virus
18 pneumotropic in mce and ferrets in the first passage and
remains 50 an the following passages  Thus indicates that there
might also be a chance that enhanced pneumotropic virulence of
strans circufating 1n human beings can be demonstrated expen-
mentally although, at present, human host specifiesty eannot be
excluded The Asian virus wsolated from sputum or emulsion of
lung tissue from fatal cases of virus pneumonia needed a certain
number of ps b {ly adapred toth Tang, and
did not differ 1n this respect from many former A-strans  In 6 out
of 7 cases tested, Astan varus from human sputum or lung tissue
could be established directly 1o the fung of mice, but the same was
observed by Francis and co-workers 1n 1937 when the A-PR8 virus
was prevafent, and « should be emphasized that the Asian virus 13
non sensitive to the neutralizing factor present 1n normal mouse
serum  Medill-Brown and Briody (1955) have shown that certain
non-adapted egg-line strains which are made non-sensitve to this
factor can more easiy and more rapidly be adapted to the mouse
lung than the ongmal sensitive parent strains  In our tests, using
the crude method of passing 18 per cent emulsion of lung tissue,
fatal virus pneumonia did not develop 1n mice before the fourth
passage and there was no difference 1n thus respect between strains
ssofated from sputum of uncomplicated cases and strams 1solated
from lung ussue of fatal cases of virus pneumomia  Many 1sofates
from cases of human virus pneumonia were Q phase strains in con-
tradistinction to the observation that when Q-phase egg-hine virus
becomes adapted to the mouse lung, a change to P-phase strams
1nvarsably occurs, We have so far not carried out careful compara-
tive work, but 1t should be noticed that investigations of this kind
should mclude former A strams winch are previously made non-
Soe e LT .

banet aiaslan et

41 ASELL, LIE PIENOTENON Of the egg-lmes of the Astan virus
bewng non-sensitive to thas factar, first focused by Isaacs {1959) 18
vt b = . v 7 . .
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adapted fines are for the most part non sensitive (Chu, 1951,
Brans, Hertzberger and Binkhorst, 1953) We have thought fora
while that, 1n general, non-sensittve A-stratns mught have 2 greater
intrinsic human pneumotropic virulence than sensitive strains
Human serum, however, possibly does not contasn the neutralizing
factor (Chu, 1951) and the change from sensitivity to non sensittv
1ty during the adaptation 1n the mouse lung may also be caused by
selection of non-pneumotropic, non sensitive mutants, causing 2
greater survival chance of the resistant variant 1n the mouse lung
(Meds!-Brown and Briody, 1955)

A complex but very interesting phenomenon m the problem of

P 1 p 1stheso called “toxic™ or
“non-transferable” pneumonia which can appear m mice and
hamsters when mnoculated with live, hugh titre, complete egg-
fluids of lung non adapted virus (Anderson and Burnet, 1947,
Burnet, 1955, Dudgeon ef af, 1946, Sugg, 19492 and 8) We
found 1o our surprise that this preumonta shows hustopathologic-
ally very nearly the same picture as that caused by fully lung
adapted strains (Fig 3aand 8) In the light of recent experience st
15 probable that this pneumonza 18 the result of varal destruction of
the alveolar cells caused by a multtphication to incomplete virus

N - e
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Mads) 23D anc
— - .
shown that touc pneumoma can be provoked 1o mice watha fower
dosage of lung non-2dapted Al egg-line virus (allantoic fluids) that
18 P! ly made trve to the 3 nouse serum
factor What precisely 13 the underlying mechanism in this type o
{cell) iyury 15 unknown, but 1t should be emphasized that when a
great quantity of lung non adapted influenza virus reaches the
alveols, a fatal pneumonta may appear which so far cannot be dig
hed lly from the p: caused by fully
lung-adapted strains  Steaight, hugh titred egg-line flusds of the
Asan type also show the phenomenon, but we have not yet per-
formed a carcful quantitative companson with former human
A-strains which previously have been made non-sensitive to the
neutralizing serum factor The problem is difficult because wiral
“tomcity"” may be enhanced by a certam degree of genetically
determined pneumotropte virulence
It may be asked whether the lung damage from the 1957
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pandemic 13 perhaps related to this toxic pneumonta 1n expers-
mental aumals  Kilbourne (1959) has shown that human lung
ussue from fatal cases in thus pandemuc has yielded amniotic titres
na dilution of 10~%, and we know that 1n fatal virus pneumonta the
heltum of many and alveolar ducts are
destroged by theviras ‘Thus st 1s concervable that mase aspiration
of virus 1n the alveol may occur
Thls speculation of a possible relationshup of 1957 humm
o toxic
better sutted to the observation of the low mncidence of v:ms
poeumona in previously healthy people than the assumption of an
1nereased degree of human intrinsic preumotropic vitulence of the
Astan virus  In the latter case we would rather have expected a
mortality or morbidity of the 1918 type
The problemof human snfluenza virus preumoria canaot be dis

logical resstance 1n most individuals, thus causing the extensive
and rapud spread It 15 quite possible that former human A-virus
appeanng after 1918, even when 1t reached the Jung 1o sufficient
quantities to cause fung damage, was often counteracted in the
lung tissue by specific antibody provoked by dominant or shared
TInOr anugen present in precursor strains  This speculatian 13
amenable to an expenmental approach

Asinmost chimeal problems, host factors have play ed a disting-
tive réle in human Asian
of climcal and fatal cases have been observed 1n Nonh Amenica
(Louna et al., 1959, Rock, Braude and Moran, 1958), 1n England
(Gilesand Shuttlewnrih, 1957 Newcombe, Nixonand Thompson,
1958) and 1n the Netherlands (Hers, Masurel and Mulder, 1958,
Straub, 1959) 1 pre custent chronic congestion of the ungs
assaciated with chromic heart disease (especially valvular defects),
certam chronic fung disease and pregnancy The explanation of
this comncrdence 1s not clear  In chrome congestion of the lungs
wo factors might have been respansible  Farst, the ehmination of
wirus from the lungs mught have been hampered by the chrome
congestion 1n blood and lymph vessels, thus causing an sccumula-
tron of a hugh concentration of the viras and, secondly, the hyper-
Pplasia of the alveotar cells commonly seen 1 chronic congestion«
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the lungs might have made these cells more susceptible to viral
multsplication or to *“towic* viral destruction  The problem might
perhaps be studted 1n ferrets or pags, 1n which chronic congestion
of the lungs has been established expenmentally,

In summary, we would tentatisely conclude that 1957 human,
mfluenza-virus pneumonsa was not caused by strains with a high
degree of human, mtrinsic pneumotropic virulence but that the
lung damage was caused (1) by mass aspiration of virus, (i) by lack
of protecting antibody, and (i) often by certamn unknown,
pneumotropism-enhancing host factors, especully chronic con
gestion of the lungs  If human serum or lung tissue should contamn

pecifi 1 b the non to1tof the
Asuan straun might have contnibuted to 1ts pneumotropism

We fecl that the experience ganed from the 1957 pandemic
throws more light on the mortality 1n the 1918 pandemic. We may
assume that 1n 1918 the human population was also deprived of

T oha

thus showing that influenza-virus lung lestons played a substantial
réle 1n causing mortality, which was also enhanced by secondary
bactenal infection  Coexistent chronic endocarditis was found 1
latively high by pathol working n general
hospttals  The high mortality throughout the world population it
the second wave suggests a certam degree of human mtriasic
P of the trve varus, which may have
been enhanced tn October 2nd November 1918 and by a host
factor associated with the 20-50 age group "
Evidence now being accumulated (Davenport, Hennessey an
Francis, 1953) makes highly probable the hypothests of Ladlaw
(1935) and Shope (1936, 1958) that the virus of swine mfluenza was
the cause of the 1918 pandemic In this respect it would be very
worth while to study freshly 1solated field strams of swine A wr‘u}i
and to compare their degree of pneumotropic virulence Wit
former human A-strams and the Asian virus, because these strains,
which are antigenically closely related to the first 1solated ml:n:
virus and can cause virus pneurnona 1n swine, may show 2 Tughes
degree of mitial pneumotropic virulence in ferrets and mice
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The present paper, including more questions than established
facts, has been born out of some disiffusion which we have ex-
o ) Lt ot £ oA,

PRy
which has contributed to the saving of thousands of human lives,
1t was not feasible 1n 1957 to predlcl on sound gmunds the posse
bility of the app of a most d; of the
dusease, namely, human nfluenza-virus pneumonsa

DISCUSSION
Morgan You referved to the incsdence of fatalities 1n patientswith
heart digeate  did you have evidence of an influenzal myocarditis in
any < of !h':?e patients }
- N TE an

pheumonia

Morgan Do you socep any of the other described cases of in
fluenzal myourdm

Muldor Xfact mand an o 4 74AEQ L aw t b 18 L

whether . (he case r:paned 1t may have b:en A pre exisung event
whichin f the viral

Morgan What lbcut the reported 1solation of mfluenza virus
irom the myocardam

Proe Dyepcdmt .
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mvocarditia wae nnt neavad a hava haan mvanans  Assha cacna sins

these patients The mortality was seasonal, irrespective of the
epidemic  These are two almost contrary experiences m the same
epidemic  heart cases mn some cunous way seemed to be badly
hit, whereas the ordinary panent with chronic bronchis and
emphysema was not so badly affected.

Morgan  Have you done any electrocardiogrephic studses i
patients whomn you thought had 1nfluenzal pneumonia to see if there
was evidence in those that survived that they might have had
myocardus ?

Stuart-Harns+ Not senally

e L TT Ll L 3L ammaadad

tugher pressure cusve in the lung circulation, avery high PLU, i the
penipheral blood and a night preponderance 1 think there 1 1n ll
A e s

©"Nof reproduced in the presenc vounm—TEle
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myocarditis was not proved to have been present At the same time

onmy ward we had eight cases of influenza in pattents with rheumnatic

heart disease of vartous kinds We have never had such numbers

dunng any previous 1nfluenza e'pldemlc but 2s none. dxe‘d there was
. . {

expenience  In the fairly Jarge vaccnation trial which we carned out
1n patients with chronic bronchitis during that winter we did not
find that the Asian epidernic produced a peak 1n mortality amongst
these patients The mortality was seasonal irrespective of the
eprdernic  ‘These are two almost contrary expertences in the same
eprdemic heart cases in some curious way seemed to be badly
hit whereas the ordinary patent with chrome bronchitis and
emphysema was not so badly affected

Morgan Have you done any electrocardiographic studies 1
patients whom you thought had influenzal pneumonia to see if there
was evidence 1n those that survived that they mught have had
myocarditts ?

Stuart-Ha:'ru th senz}lyl

—— a3

higher pressure curve in the lung circulaton avery highPLU, n the
penpheral blood and a night preponderance I think there 15 m il
3 nglt pripontiernct,

 Not reproduced 1n the present volume—Eds
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before gross alterations appear in the nucles, but have not so far
camedouta 1 of the 1
nges

[ - Liam -

stage but 1t 1s tempting to speculate on whether or not they may
represent distinctive strain differences m an indicator cell system
which might have relevance to a study of virulence

Mulder Our problem 1s at present manly topographical Of
course, most of the bronchal cells are degenerated or necrotic,

Hers 'The histopathological study of sfluenza virus pneumonia

anoculation
Kilbourne Ds Hers, have you correlated the existence of the so-
called hyaline membrane with the presence of these changes 1 th
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elveolar cells 7 In other words, have yor

ine el el e srenc of e ey
!{nr Yes, Lhave Themembranes are a late phenomenon
Kulbourne” This 1s & question of the spectficsty of the Jesion

because you eanseeat i hypoxic condstionsnanfants One wonders

whether it is much to lean on n terms of assessing specific damage 1o

the cells by influenza virus
Hers 1think the hyal d 1 noR 4
only s late ply asa of the de-eputheliation of

the alveolar wall
Burnet 1 got the ampression that syou did not consider ﬁlxe abiliry
M 4

ta praduce
sstac of the 1957 strmns but rather 1 resuls of complete Jack of ant
bodies mn the persons concerned  Js that cosvect, or do you think
that the virus has a speafic genenc character, the abiliy to sttack
human aheoli ? 1 am interested because 3 specific change mn anty
gemc character took place i 199647, w huch was not assotiated with
the sppearance of alveolar arus pneumonia Tt wauld seem that the
1918 gnd 1957 stratns may have had a genenic character of being able
1o produce this alveolur attack w a proportion of human cases The
only two years for which there 13 evidence are 1918 and 1957 Do
you thank that there 18 a speaific genetie difference wiuch sepantes
those strains from the new Al stramn ?

Afulder This s stillamater for 1 With hods
we do not find any difference with former A stratq 10 relsnon o
anumal pneumotropism  We might accept that many people aspirate
wvirus dunng the acute disease  Since we have had a mortahry from
mnfluenza Ag-virus pneumoma of 1 in about 4,000 cases 1t 15 very
difficult &t present to accept 3 penehc enhanced pneumotropic
wvirulence Thezefors, we concluded that mn same people mass
sepyration tmght have taken place which mght cause the same
anatomical pictare of pneumorutss  But that 1s also & speculation
On the other hand, 1n 1918 the epadenuological picture was quite
different The mostality in some regions was 1 per cent  Itis diffi.
cult 2o deny that the 1918 virns had no enhanced intrinsic preumos
tropsc virulence  Thesefore, 3 should hike to see how Freshly 150~
ated swine A-vieus behaves I have the impression fram the work
of Shope that it goes sery rapsdly in muce, s0 that these sirmins mght
have retaned the ongual pneumotropse viculence  But why did the
former human A strams, which probably sre denved from A swine,
fas} to attack the lung? Is the Jung protected by satibody, or s

neumotropic virulence lost by the continuous circulation i the
gmnnhm] epithehum 2 We know that when lung adaptred strans
are passed 1n eggy, they may fose some virulence far the lung tissue

Burnet ere was some cvidence that the 1918 strans fost
virylence within the next few years  When New Caledona recetved
the 1918 straun for the first tume i 1920 11 was much less virulent

Afulder There may be several seasans  Furst, the cirenlating
strans 1n this penied may not have been slike  Secondly, stramns msy




Fic 1 (Hers) Tluo esce n labelled
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THE SEVERITY OF INFLUENZA AS A
RECIPROCAL OF HOST SUSCEPTIBILITY*
EpwiN D Kirsourae

Drwasion of Virus Research, Department of Public Health and
Preventire Medscane, Cornell Umersity Medueal College,
NewYork

IN the wake of an nfluenza pandemic in which some wvictums
died of infection with influenzavirus alone {Loura et al , 1959), the
position of the present wuster that the virus of the pandemic did not
differ 1 varulence from the varuses of the interpandemtc disease
would appear paradovical, 1f not untenable However, this paper
will contend that persuasne evidence 1s Jacking that this most
mutagenc of human viruses has ever vaned 1n13 virulence for man,
and that the undenable securrence of vanation 1n the severity of
mnfluenzz, the disease, 1s usually demonstrably linked to vartation
1n the host or his environment.

It 15 tautological, but worthy of emphasis, that the ““virulence™
or seventy of snfection 1s a recaprocal of host suscepubility  Since
1 the levicon of Webster (or Oxford) there 13 no such word a3
virulence, 10 the modern microbiological sense, we are a1l obliged
to ess2y bnefly mto th, we trust, a of

T oatarar e 3 o

which enable it to induce disease  Thus, any virus which produces
disease may be termed virulent, and the measure of virulence 1s the
presence or seventy of disease It 1s evident that comparattve and
quantitative measusement of virulence among virus strans de-
mands 2 companison of their effects (disease) 1n simular hosts under
simlar ‘Thus, the of virulence 1s re
ciprocally related to host susceptibility

58
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Susceptibility 1n the present context 13 defined not as vulner-
ability to the acquusition of mfection but rather as susceptibility to
those effects of infection which lead to the development of disease
By this view, the 1 of host ity to the
of infection 1s the property of viral communicabihty This capacity
of virus to spread from host to host and 1utiate infection—
important as 1t 15—1s not necessanily relevant to the outcome of
mnfection 1 the indivrdual host but infl only the
rate in the total population

Before specific consideration of influenza virus and man 1t may
be usefal to consider 1n general the biological attnibutes of a virus
which mught be expected to contribute toits virulence These are

(1) abslity to make effective contact with host cells (to infect and
survive 1n host cells)

(2) abality to achieve hugh concentrations rapidly 1n host tissues
{the resultant of synthess and destruction of virus),

(3) ability to effect a hugh ratio of damagtng or infective particles
to harmless or non infective parucles (to preclude the linutng
effects of auto interference)

(4) ability to spread within (snvade) the host to reach vulnerable
qites

(5) ability to impair host function thraugh damage to host cells

(a) directly (pnmanly) or

(5) ndirectly danly) as the result of 1nfl re-

sponse to prmary cell damage

(6) Theability of a virus to stimulate or pave the way for second-
ary bactenal wfection should be viewed as a sort of pseudavirul-
ence which 1itiates indirectly a worsening of disease Thus result
13 obviously not a real reflection of intrinsic virus virulence, as the
worsening of disease wll depend upon the nature and vagaries of
the bactenal mvader

Y

As we review those factors which contnibute to the susceptibility
of the host to the effects of virus infection we note that they con-
stitute what might be termed the endogenous environment o
fection These factors include

(1) lack of prior expenence with the varus (absence of
immunity),

(2) lack of natural (specres) mmmuaty for the v
geneue resistance (the latter unproved 1n man),
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(3) impaired ability to reduce the infecting dose of virus by
natural inhibitors, pH change, etc at the site of nfection,

(4) mabiltty to contam or hmut 1ntercellular viral spread or
1nvaston {as by of normal cell physiology, phag:
sts, chary activity, etc ),

(5) reduced capacity to resist cell damage and resulting physio-
logrcal dysfunction

These ponts will be elaborated further with specific reference to

Py s - - -atb T

PN e N

duration of immunity even following known infection and the
multipheity of antigens to which the host may be exposed The
final three factors may be influenced by underlymg disease,
pregnancy or the admimistration of drugs
In the past, much consideration has been gven to the exogenous
mwhich 1 h factors as weather,
season temperature and crowding  None of these save crowding
18 consstently associated with variation in the disease It 13 prob
able that the mechamsm by which crowding mncreases both
morbidity and mortality rates 1s not related to the host but to the
virus, inthat confinement of infection to a limited area must increase
the concentration of virus and hence the tnoculum or dose of virus
to which 2 subject 13 exposed This factor of dose 15 largely

o enlat an

virus underlies the success of the prumttve varioltzation methods
o - aeba 1 anfenls

FR

virulence of influenza virus as observed tn man to its biological
activity as observed 1n the laboratory ?

To study this questton we must make a temporary judgment that
1nfluenza viruses do daffer 1n virulence for man and may assume, for
example, that pandemic viruses or 1solates from fatal human disease
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differ 1n virulence fmm those from patients with mlld sfection
Wemayth vituses with resp
which they manifest 1n the laboratory—with speaific veference to
the hypothetical attributes of virulent virus mentianed cather

Studies previously reported from this laboratory (Katbourne,
1959) have indicated that among the pandermc stratns of 1957~58
na difference was discerned among strams from fatal ot non-fatal
nfections, even when 1solates directly from the lungs of primary,
abacterial pneumonia were examined  Because definttively, severe
or fatal infection with a respiratory virus 18 dependent upon ats
capacity to mvade and induce dysfunction of the lower respiratory
tract, it seems appropnate 1 examine the “ poeumstropicity” of
the virus in laboratory mammals The results of many expen-
toents 10 this laboratory may be summanized by stating that the
capacity of first o second egg passage pandernic isolates to induce
preumama 1 the mouse did not differ from that of eather inter-
pandemic viruses, nor was the number of chick embryo infections
doses necassary for munne infection migmficantly different from
other strains not adapted to the mouse  The ratio of chick embryo
mfectivefmouse safective virus has been employed as a measure of
the mouse virulence of influenza viruses (halbourne, unpublished
dara, Girsberg 1953)

In Table [ are summanzed the results of studies of other viral

Table 1

‘THE COVPARATIVE OCCURRENCE OF CERTAIN BIOLOGICAL PROFERT(NS 1IN
PanpeMic (A2) INPLUENZA VIAUSES AND EARLIER INTERPANDEMIC
ETRAINS.

Possetsed by mfluenza csruser
Pl e

Property A
furine preumotoxicity

Tuine neurotoucity

n itvo eytopathogeructy
Filamentous morphology

heep RBC aggiutinstion at 30°
_q\u\rllu\l smmotc and allantosc }

pubility
02L diy chick embryo)
High neurammidase activity + [

+rytd B

Y

S ot+++
S o~ Qettr
R ]

Laboratory strmn NWS agglutmet
Xsﬂ o s om grnstes shees erytheocyie 12 this empersure.
s the becently secommended nemenciaturs of the WHO Lapert Com o

e o Ry o S o e s “pensc. famulen of nfivenze A ¥
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prop 1n thislak yandothers Itisevidentthat pandemic
stramns, whether from fatal or non-fatal human infection, did not
differ significantly from one another nor from non pandemic
strains with respect to cytopathic effect i tissue culture, neuro-
toxicity 1n mice (Seto, Hickey and Rasmussen, 1959) or morpho-
logy m early chick embryo passage  However, the agglutination of
sheep erythrocytes by the pandemmc viruses at 30°, the ease with
which they may be solated i the allantoic sac (Kilbourne,
sazey Ja 0 Sk s . so. T a

cult to correlate such traits with virulence, as egg-hne influenza B
strarns (assumed to be less virulent than A) also possess sheep cell

prompted the of pand and pre pandermic strains
and'*fatal”’ and “ non-fatal >’ 1solates with regard to their sensitivity
to heat labile and -stable inhtbitors 1n amimal sera (Tble 11} All
wviruses exarmimned had been passaged only sn chick embryos and all
but the FM-1 stram had had less than 10 passages In brief, it
may be stated that sensittvity to neither heat-lable nor heat stable
nhibitorcould b lated with thepand, rpandemi=
caty of a virus, with the year of ats 1solation, nor with tssite of onigin
1n the respiratory tract nor with sts attendance upon mild or fatal
disease In fact, the lung 1solate from fatal case A/270 (Lounia tl‘ﬂl f

sensittve and inhibt tant, and that graded i the
inhubitor sensitivity of various strains 1s exphcable on the basis of

the relative proportions of the two types of particles In view of
- L aL 4 sha anmncane nh b tar reactance OF

*he pristine nature of the isofate 7 hus, 1t would appear that wé
sust turn reluctantly from the laboratory for the defimtion of
sfluenza viral virulence and return to a critical study of influenza
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tn man for pur assessment of imfluenza virus vilence It may be
that the proper study of influenza ss man

How shall we yadge the vizulence of snfluenza virus formaa 3

(1) By the sev:my of mfection a8 mmlcsr:d by the ratw of
Vhat proportion of
scmlogxca)ty dmgnosed infections does not msuk sn disease 7}

(2} Bythesevenity of the (uncomplrcatad) disease Thismaybe
assessed by such relapsely objectne entena as the degree gad
dusation of feser and the scdence of signs of brancholer ot
pulmonary disease

{3} By the case fatality rate of the disease

Any wierpretation of these aspects of wfection ta terms of vinss
virulence per se taust be done with full cognezance of the exagenous
and endogenous (host) environment in whichnfection occurs, and
with of the 1 mphot 2
results obtazned under fietd conditions by diflerent mmhgzton
at diffesent tames with different methods

Data on the snodence of chmeally mapparent sesclogieally
dugnosed mfcmons are scanty bm are sufficrent for a tentatte
i with alf threz major aptigene
:ypcs of mﬂuenza A virus {Table 1T} The vamabihty in the

Table I

PeRcENTAGE of TayvICa INFECTIONS {;
DIAGNOSED) WITH v.wuws StRALNS OF xmwmz.\ A VRUS 1N
DIFFERENT EPIDEVICS~~ A MEASCRE OF SEVERITY OF fNYZCTION

€, trth ants
% risg
Eptderme t o
Vous  year Population disease Referentes
7 Commusston on  Acute
A 193 miwyamy 5 qnmisen e Ao
i) »
Al 050 chdrens 2 ipoume Andenon
A2 1957 hospraimand s piaeh i s
AZ 1957 home B nemey ni Doer
oI
A2 1957 hugh school B e o and Robin
ron
AL 19T e 3 Stones and Lenmene
nstitution (1559
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'
" . \

Andrews and McDonald (1955) with a simlar pepulation ina 1954
epidemic 1n Warwickshire England and probably reflects the
notoriously poor hygiene of such populations Despite the dis
similarity of the other populations studied 1t must be concluded
that sevenity of infection—as measured by the percentage of 1n
fections which induced disease—d:d not differ strikingly among
the three virus types

Th y of dds a eof virus
virulence

The classica! description of influenza as 3 three day fever 1s
fully confirmed by the data presented i Table IV from a vanety of
studies of infections with all major antigenic types of influenza A
virus  The somewhat higher maximum fever noted 1n two studies
of patients mfected with pandemic A2 virus may be related to the
youth of these two groups or may reflect the activity of a more
wirulent virus ‘The brevity of the total febrile course would seem
to belie the latter interpretation  The varying percentage of
patients with auscultatory or roentgenographic evidence of lower
respiratory tract involvement may well reflect the equivocal
objectvity of this clinical parameter Nevertheless the data do
not suggest sigruficantly d flerng human  pneumotropicaty  of
the three viral types

The clinical course of experimental wfection of man

Tt would seer that study of the course of experimentally induced
influenza 1n man would provide valuable comparative data 1n 8
situation 1n which homogeneity of virus and equivalence of dose
may be assured However the relatively few experiments which
have been undertaken have utilized viruses of markedly different
ammal passage hustory and analysis of clinical data has been less
than ideal Thus reported differences sn serological and clinical
attack rates in these stud:es are more probably related lo expen
mental the

urus prototypes It 15 of mterest that the experiment of Bell and
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co workers (1957) with human nasopharyngeal washings mduced
disease quite comparable to that of natural infection, and that the
pandemic (A2) virus employed was similarly associated wath soe
symptomless infections There 1s an interesting suggestion as onc
reviews the data on expersmental afection that influenza strains
1solated and passaged 1n mammals may retarn human virulence 10
contrast to strains subjected to repeated egg-passage {Isazcs and
Roden, 1956)

The il of i or ing disease to
the severity of influenza

Although severe and fatal influenza has probably occurred 1n
healthy young adults 1n the zbsence of demonstrable bactertal
nfection, the great majonty of carefully studied cases of fatal
mfluenza have been assocrated wath underlying disease or attended
bybactenal pneumenta The expenenceatthe New York Hosputal-
Cornell Medical Center 1 1957-58 emphasized the specific 1m
portance of cardiopulmbnary disease and, still more specifically,
theumatic heart disease with pulmonary hypertension, 1n the
genests of fatal influenza This expertence 15 summanzed m
Table V

In the New York Hosputal studies the importance of comncident
or secondary pulmonary bactenial infection was again recogmzed,
and an hyl were freq ssolated from
severe or fatal cases of influenza However, the bacteral infec-
tions posed no mportant therapeutic problem When desth
oceurred—as 1t did 1n more than one thurd of 30 panents with
pulmonary involvernent—in but half the fatal cases were bacteria
contributory and 1n these the concormitant réle of the virus i the
production of the diffuse haemorrhagic pneumonia was clear
Nine of the 11 who died had serious antecedent disease In a
society which nurses to ad d the and
cardiac behind a screen of antibacterial agents the relatrvely
1ncreasing threat to life of even the avirulent respiratory viruses 1s
obvious

Notonly may pre ewsting disease dramatically convert a benign
nfection mnto a malignant one, but more subtly 1t may augment the
sevenity of influenza as measured by the reasonably objective
criterna of fever or bronchrolitic chest signs  In an analysis by
Kitbourne and Loge (1950) of the symptomatology induced by the
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1947 virus, 1t was noted that those patients 1n whom routine
throat cultures were positive for B haemolytic streptococer ex
perienced higher maximum temperature elevaton and more than
twice the frequency of chest signs as those i whom streptococcs
were not detected

A study by Podosin and Felton (1958) of Asian influenza 1n 616
Boy Scouts disclosed that 27 per cent of those patients with a
hustory of asthma had abnormal chest roentgenograms in compari~
son with the 7 5 per cent abnormalities found 1n patients without

.

Even the pattern of may be mnfl d by underl;
disease or the admunistration of drugs  In the New York Hospital
studes (Blumenfeld e af, 1959) an unwarranted madence of

mp 1y bed ridden pauents was
to the ad; of drugs
to gastromntestinal function

It s significant that 1n earlier reports of fatal influenza in nter-
pandermuc periods the probable contnibution of underlying disease
18 apparent, 1f not always emphasized In 7 of 20 cases proved by
pulmonary virus 1solation prior to 1957, 6 had coexisting disease ,
108 cases 1n which no chmicat details were furnished all but one had
evidence by culture of stap
the 4 cases clearly wnthout antecedent disease had bacteral
pneumonia Thus 1n the purview of modern virology it may be
satd that not only 1s the fatal case of mfluenza rare, but 1t 1s the rare
case 1n which death occurs in the absence of antecedent disease or
comncident bacteral snfection  Death associated with influenza
wvarus as the sole pathogenic micro organism 1s almost invanably
testncted to those with antecedent cardiopulmonary disease

On the other hand, the 1nroads of demonstrably virulent virus
1n hugh dosage may be sharply contamed by the host which has
experienced prior infection This pont 1s epitomzzed 1n 2 single
expeniment which 18 summarized in Table VI In this experument,
e of the same strain, age and sex were first infected with an
avirulent {non mouse adapted) strain of FM-1 virus (Al 1947) or
tnjected intranasally with control materal Thirteen days after
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Table VI

DIFFERING EFFECTS OF IDENTICAL INOCULA OF VIRULENT INFLUENZA VIRUS
IN COMPARADLE HOSTS (MICE) WITIl VARIED IMMUNGLOGICAL AND

PHYSIOLOG]CAL EXPERIENCE
Experience everity of disease induced
Previous infection Inpected b” prrulent challenge virast
Mouse  wrth avirulent with Leson Virutin
group  FM-lurus  cortisone DITt  score}  lungh
1 ¢ 0 46 72
2 0 5mg 415 80
3 + [ 0/6 0
4 + g 10 +
5 + Smg x3 06 3 +

this initial experience (whach all survived) certain of both control
and infected mice were mjected with cortisone 1n moderate or high
dosage prior to challenge with a virulent FM-1 strain of virus The
seventy of the disease in these mice of differing immunological or
phystological expertence was assessed on the basis of mortality
rate, the degree of grossly manifest pulmonary consolidation and
the persistence of virus in the lungs of survivors  This expersment
clearly shows not only the expected result that prior antigenic
experience dramatically negates the seventy of infection mduced
by intrinsically virulent virus, but that even this high order of
reststance may | be broken down by changcs in the physiologcal
) of the host, as tn this 1n-~
stance by of Just prior to I
18 notable that the maximal dose of cortisone employed 1n this
expenment 1s inadequate to suppress antibody formation to
1nfluenza virus 1n muce (Ktlbourne, 1955)

1918-19 revisited

Now that a modern ™ has 1ts
aetiol toa <e of
¢ virul
he 1+

more
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1933, how does 1t compare with the scourge of 1918-19 2 Although
the total morbidity of the World War I outbreak probably did not
exceed that of the recent pandemic, the total mortality cestamly
did, and tugh case fataluy rates 1 young adults contrasted with

usual other d Tud 1957-58) of
monaluy peaks unly at both ends of !he age spectrum The
wrting of stilt Iof the 1918

P
must be defended, as the virus of the outbreak (unless 1t be the
swine virus) 18 still not at hand  But as 1t 15 the contention of this
paper that study of the host and his environment are more cructal
1o the interpretation of verulence than laboratory study of the virus
atself, 1t may be of more than academic importance to ask whether

the diffe 1n our last two pand, are without
invoking the bogey of chaniging virus virlence
Attheoutsetof this d 1t should be dated that the

besl documented fact of 1918-19 1s that all but a few who died of
“influenza” died with, of not of, bacterial pneumoma (Mac-
Czllum, 1919, Wolbach, 1919, Opie et al 1921) The aetiological
of these p was both and em
phasized at a time when Pfeiffer’s bacillus was the much disputed
contender for the réle of acttological agent of influenzartself Tobe
explarned, then, 1s the undue prevalence of bactersal pneumonia in
young adults and especually young men _First, one asks if un-
g dinfluenza (asa tothe bamemd sequel) was
more common 1n this age group It was not Rather the case
fatality rate of those n the 20-40 age group was excessive (Jordan
1927) If we then infer that this age group suffered more secondary
bacteral pneumonia, we must ask, why so ?

As the host’s to the
fatalities of 1957-58 then the exogenous environment of the 1918
tratning camp was sumilarfy important 1n the earher pandemuic  If
1t was the worst of times for the poor recrust, 1t was the best of times
ford the student of bacteml mfection Memngococcal pneumonta
R’ 1|

h bizarre , of infection 1
the ]oumah of the period as chronze diseases do today Are weto
say that the virus of measles was also more virulent at this time
because 181 of 2,956 cases of measles at Camp Riley Kansas, con
tracted " measles pneumonta” (streptocaccal) and 83 died (Stone,
Phillips and Bliss, 1918) ? (A pneumonsa case fatzhty rate of 45 8
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per centl) Pneumontc complications of measles were unusual i
overseas (ALF) troops at 4 time when 4 5 per cent of those with
measles in training camps de eloped pneumonta (Jordan, 1927)

It may well be questioned whether such bacteral devastation
yould have followed the recent pandemic even 1n the absence of

€A3E8/ 000 Avs ITREWSTH/YEAR

HC AT BER GCT WOV DEC JAn FED WAR APR MAY XN
NONTH OF TNE YEAR

Fic 1 Comparative incidence of pneumonia (:I"

forms) active duty U 5 Army personnel (world,

wide) duning 1956-57 (pre pandennc) and 1957 5

(pandemic) year

antimicrobual drugs A partial answer 1s provided by thehdag El;n
Fig 1which details the differing pneumonta incrdence 1n ¢ ; .
Army in the year preceding and the year of the 1957-58 ;::md ef"; o
If 2 pneumonia case fatality rate of 25 per cent 1s projecte! b;b]e
these data[in consideration of age, sex, milstary statusand pro
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preumocotcal actitogy (Heffron, 1939)] the potential virulencs of
the recent pandemic may be partially assayed On the basis of
mean increase of pneumonia meidence 1n the mfluenza year of 43
cases/1000 average troop strength, an increase m mortahty of 25
per cent of 4 3, or 1 07 deaths/1000 would have occurred 1n the
presulphonamide antibiotic era The total strength of the army
was 932,162 1n this penod, £0 that approuimately 1000 Iives might
have been lost 1in earhierimes  But we can never measure nor even
guess at the reduction 1n secondary cases of bacterial nfection
effected by prompt antimicrobaal teeatment of the niteal ones

Finally, let us examine the seventy of the uncomphcated disease
of 1918-19 a3 an index of the virulence of s virus To begua with,
mast contemporary students of the disease {Jordan, 1927, Lchty,
1919, Bloomfeld and Harrop 1919) recogruzed a brief, bemgn,
uncomplicated illness distinet from the more protracted disease
with pneumornic involvement  Although chinical descriptions of
the ime were excellent, and even literary 1t 1s difficult to fiod flat
quantitative statements Concerning fever duration and the 1ncid-
ence of minor chest signs Exen Lachty’s fine study 18 confusing on
this point  Having stated that the asverage duration of fever m
solders without ' infiarmmation of the Yungs™ was b} days, e ket
states that *“when the temperature remained up longer than fiee
days, 1t could safely be concluded that lung nvolvement must be
present” Sl later in the same report the writer imphes a Mean
fever duration of 3-4 days In hus exhaustive review, Jardan (1927)
statesthat “the feverusuallylasts 2-3 days in the smple ' uncompli-
cated’ cases’

The finding of Bloomfeld and Harrop (1919) that only 6 per tent
of 300 patients had pulmonary rales (but no roentgenographic
evidence of infiltrates) does not suggest any unusual pnenmotropt
city of the 1918 virus and supports the statement that * Roentgen
rays (did) not afford a means of diagnosing the uncomplicated
influenza*’ (fordan, 1927}

If one accepts the importance of bactenal complications 10 the
fatal outcome of influenza then the greater “virulence”
second wave 1n the winter of 1919 may be to the
the year in which 1t occurred—a t ‘

Tespiratory bacterial pathogens and

It 15 suggested that the do

resulted from the forturtous
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drssemination and high Easﬂge of virus but spread of bactersal
pathogens to an unusual degree

A note on reduced virus virulence between epidemics
The foregomng remarks on virus virulence as a reciprocal of host
1 g

bility may be ded 1n of the pp

ance' of influenza virus between influenza virus outbreaks and
the postpandemic waning of disease severity As the occurrence
and seventy of chrcally mamfest disease 15 influenced by pre-
emsting antibody levels, there seems no reason to doubt the
probabihity that influenza virus anfection continues 1n sporadie,
muld and unrecognized guise as population antibody levels nise
Influenza virus infection 1n the absence of disease has lang been
recognized (Table I11), and st 13 now established that yirus may be
recovered from the mapparently mfected (Bell e? af, 1957) The
unaltered potentsal of the mtereptdemic virus to cause severe dis-
ease 13 suggested by the occurrence of fatal cases of bactenal
. I PRI ~ ¢ha 1 noe of paticnts

- - * faxwell,

In summary, 1t 1s concluded that the host parasite relanonship
of man and nfl virusisa bject towide vaniation
10 the nesdence and manifest sevenity of the resultant discase On
the evidence that morbidity 1s conditioned by the presence or
absence of smmunological expertence and mortality by abnormalt
taes of the host or his environment, 1t 1s concluded that varistion 1o
the intrinsic virulence of influenza virus for man has ot demon
strably occurred and need not be postulated to explain vanation 1n
the sevenity of the disease

DISCUSSION
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Morgan In regard to the data that you presented, Dr Kilbourne,
on the ratio of clinical cases to individuals who show antibody rises,
FER pos‘SIbIe to u:mlyse Ihe‘ situations and determtne the degree of

saying this, one feels that probably there 1s just as much subchnical
immurnzation in the latter situation. Then there 1s the problem of
companng different ages, because whereas the Asian influenza

ZaENN [ i aen it et ndiu @it iicispuiio)

these two varations of the infection It may be that influenza B

composition
Kf’lboume I fully agree Furthermore, one could, I think,
explain the persistence of influenza virus mtexepldc‘mxca]ly by
that such mtd would occur n he
high antibody levels without postulating any animal vectors of
intermedate hosts as reservours of mfection between epidemics
1 was impressed with the pauaty and inadequacy of the data
which 1 tried to examune, but I have done so with the conviction that







THE VIRULENCE FOR MAN OF SOME
RESPIRATORY VIRUSES PASSED
IN TISSUE CULTURES

D A.J TyreerL anp T E Buckranp
MM R C Common Cold Research Unst Salisbury

THE facilities of the Common Cold Research Untt have been
used 1n the past mainly for studies on expermental eprdemiology
attempts to cultivate the virus, and other aspects of the common
cold (Andrewes 1958) In the past two years we have added to
this work by testing the effects in volunteers of a variety of viruses
which have been d from the human resy ytract The
viruses used were chosen because they were thought to be unlikely
to produce more than a minor respiratory sllness In some cases
we wished to know whether the virus could produce symptoms Iike
those called 2 common cold  Inother cases we hoped no symptoms
would be produced but that there would be an annbod‘y response
. ' e e

.
variety of results, and they are presented here n sucha way as to
Hllustrate the types of clinical and laboratory changes observed
These are all related we beheve to the larger matter of the general
concept and measurement of the virulence of viruses for man
However these expeniments were prmarily destgned to show
whether certam viruses could cause colds and whether others had
possibilities as live vaccines They were terminated when these
questrons were answered Although the data might have been
added to 1n order to answer more academic questions on virulence
this was not thought justifiable

We 1solated the volunteers and assessed their illnesses by
methods previously developed at thrs unit {Andrewes 1948,
Roden 1958) The observer who exammed the volunteers and
made the diagnosis was unaware whether volunteers had receved
virus or control materal and usually did not know what virus was
being used The laboratory methods for the experments with

3



Respiratort Virus VIRULENCE 7

snfiuenza were those 1n gencral use "The roethods employed with
ather viruses were generally sumilar to those used by previous
workers with the varuses concerned  Alf volunteers were 1solated
for 2 or 3 days and then tecewved the virasin T mi of balanced salt
solution 23 nose drops  Observation was continued for 4 further
7 or 6 days and specimens for virus 1solation wete collected on
alternate days  Pared sera were obtained from almost all volun-
teers. Antibodes were measured by several techmques but for the
purposes of this discussion  antibody Wil mean neutralizing
activity detected using about 100 TCDg, of virus  In the case of
nfluenza virus the only data avarlable are haemagglutination tn
hibation titres of cholera filtrate treated sera The results of these
trmals will be reported 1n fulf elsewhere

‘ECHO wiruses

As their full name suggests (entenc cytopathagentc human

orphan vlmscs) (hese Viruses are m(m readily found in the faeces

of h 1957 butwe have
studsed two which were found 1 the respiratory tract and facces of
children with acute febnle finesses wath marked respiratary
Eymptoms (Fig 1!

A stramn of ECHO 11 (U virus of Phalipson aad Wesskén 1958)
was given 1 a dose of 107 tissue culture mfecmus dases {TCDy,)
‘The results are n Table I Al who e
ctwved the virus became wnfected even thaugh 4 of them had fow
levels of serum antibody before noculation  Although virus was

Tablel
EFFECT ¥ INOCULATING HUMAN VOLUNTEERS WITH
ECHO Tvyrx 11 viros (U stea)
Tistue culture

passager Dose rus  Antiby Hiness
of stram g ven TCDy uo;a!fd m:‘y producedt

IHELY 100000 99 9y L]
3 HEL 100000 38 718 o8
1L MK

 In hus and fol o K. = bumien enbrvo
hily Mh‘k_mzw‘:,m}ym. Tismen embryo lung HE]
ol tnd folomsng (b et ol the incsss sk wers obacerd sccured 1a
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recovered from the throat 1n almost all cases there were practically

no These vol who became 1ll
suffered from a gcneml sllness with hexdache, malaise and fcver
i b of the al y tract—abd

d and d fort and duarth The only

1llnesses were found 1 those volunteers recerving virus passed 3
times 1n human embryo lung cultures  Virus passed 11 times
further 1n monkey hidney cultures produced no definite symptoms
This may be related to the fact that 1t apparently muluphed less
well 1n man than third pass virus, certamnly virus ssolations from
the throat were less frequent and the mean titres of vzrus i throat
swabs and 1n faeces were about tenfold less Nevertheless after
mfections with both kinds of virus we found 2 nise 1n serum anty
bady levels in all volunteers and the mean nise was about 100 fold
1n both groups

ECHO 20 (Cramblett et al, 1958) was tested 1n the same
general way and some of the results are summarized 1n Table IT

Table I
Errzcr or ECHO TYes 20 virvs
eults
T;f:fage o Dose Vs Antibody  lliness

strain green TCD,, ssolated rise | produced

0 5 2/4 o+ 0;4

0 20-30 34 204 14

[ 300 44 22 34

3 HEK 100 000 33 0jo 13

3 HEL 100 000 33 /0 3

In this case we were able to use the virus contained in swab; taken
from sick children and sent to us from Bethesda by Dr L Rosen
We also gave larger amounts of the virus after passage 1 f1ssue

ot leade W
oses.
oms
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ECHO 20 ECHO U CONTROL

MALAISE
HEADACHE

CHILL
PYREXIA

Mo PUS

NASAL 0BSTRUC
34 HANKS / DAY
SORE THRONT
COUGH

“Tn
Ty

307

°
8
L
°

Fic 1

HAI  PARAMALLENZA  MA 3 PARANFUENZA CONTROL

3 '
MALAISE
HEADACYE.
BACACHE.
L
PRECA
MUCO PUS
NASAL OBSTAC
4 HANKS DAY
SORE THROAT
cousH

ABDOM DISTENS.
ABOOM PN

QUARRHOEA
CONSTIFATION
NAUSEA
VOMITING.

% & w
Fio 2

Fios 13nd2 The frequency of virus symptoms and signs 1n

miccted with virus >4 Hanks/Day means that the volunteers

more than four paper_ handkerchuefs in one day, 1 e that there
ngnificant wcreae w nasal secretion

o
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produced resembled those found with virus from throat swabs
There was one case of coryza and threc of gencral influenza 1 ke
symptoms

Parainfluenza viruses

The name  parainfluenza  has recently been comned to tidy up
the classification of some recently isolated fesptratory viruses
(Andrewesetal 1959) Sendarand haemadsorption virus Type 2
are grouped together as strains of paranfluenza virus Type 1
Smupﬂ ass(}clxated njnd ALTB viruses become pam’nﬁuenz: virus

al 1959)

We used strains of HA! and HA2 viruses which had been
1sofated recently 1n Britamn (Sutton Clarke and Tyrrell 1959) and
1n Denmark (Petersen and von Magnus 1958) The results ob
tained are summarized m Tables 11T and IV and Fig 2

Table IT
EFFECT OF PARAINFLUENZA TYPE | VIRUS (COPENHAGEN
222 sTRaN oF HA2)

T ﬂdl"]’l Do 11 Ant bod) i
Ppassager of e srus nt body Iness
strain groen TCD,, ssolated rise produce

1 Mk 15 45 35 35
2MK 15 22 02 12
5 MK 15 0/6 0/6 06
S MK 150 35 0/5 2/5

Viruses of several passage levels were used and the dose given
vaned widely Only volunteers who were mfected became il
The wlinesses observed after moculation of paramfucnza Type 1
were characterized by coryza sore throat and shight malase
without fever or abdominal symptoms These results are generally
ssmilarto those of Reichelderfer and co workers {1958) There was
1o obvious chnical difference between the tllnesses produced by
large and by small doses of virus of any number of passages n tissue
culture However antibody responses were detected an 1nfections
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‘fable IV
Errrer oF PARASNFLUENZA TyrE 3 ViRos (Moss anp K
sTRANS oF HAT)

Tssue eudeure

passagee of Daose Virur, Antibody Ninesy
tre pren T ssolated vises | produced
K IMK 15 on o3 03
K ZMK 1500 282 i 242
Moss § Mk 15 a3z oz o3
Moss § MK 13500 1 174 i
Maoss § A 15000 i 13 14
Mo MK 150000 344 34 34

* ot the solunteer from wham virus &us walated snd who wat It

woith the first pass of the parainfluenza Type 1 virus and not with
the second or fifth pass

In general the chimcal symptoms assoctated with Type 3 were
entical with those produced by Type 1 tafections and by a
pedigree common cold. However a sharp attack of chmeal
influenza was produced in one volenteer by 1 500 TCD 4 of second
pass K virus  In addition warus from the volunteers recesving
Moss varus was relatvely cytopathic for monkey kidney cultares
while that recovered from volunteers who were given K virus was
non~cytopathic  For ethical ressons the expersments with the
virulent stean were not extended Al volunteers recewing
prrainfloenza Type 3 virus had detectable crtulating antibody at
the time of inoculation  Antibody responses occusred sn infections
with bath strains of paranfluenza Type 3 virus

mparative ttrations of viruses i man and in tissue coltures
mught be a useful way of studying virulence  They are clearly sm
practicable but 1t can be seen i Table 11 that the infectious dose
for man of the fifth passage wirus of paramfiuenza 3 apparently
Bies Detneen 15 and 150 TCD,, while the second passage virss 18
1wfectious whenonly . $TCD,, agnen Veexpected the ratw of
the mfectinity titres of these viruses 1 man and in tissue cultures
to be correlated with the relative vinulence for tissue culture and
(?r Ten and these results certainly suggest that the adsptation of
theirus wasy din

However the results of simslar snoculations of paramfivenza
Type 3 strans 1a man show that 8 corzelation like this may not
apply when different strains are compared
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Adenoviruses
It has been shown that infection of human volunteers with
varantl  gal sad noe PR .

passed several times in monkey kidney cells (Heubner ezl 1955)

In an attempt to produce an asymptomatte mfection our col
T At T, o1 A

antibodies when noculated Most of those inoculated were
fected and marked rises 1n neutralizing antbody occurred
though there was no increase tn complement fixing antibody The
resulis are surmanzed an Table V. Even 150 TCDj, of virus

Table V
ErvecT op ADENOVIRUS TYPE 7
Tussue culture

passages of Dose Virus Antibody  Iliness

mm:g ;m. TCDy m;md rises produced
17 MR+7 Ph 15 02 0/2 0/2
17 Mh+7PK 150 142 12 072
17 MK+7 Pk 1500 142 172 o
17 MK +17 PK 150 072 12 [
17MR+17PK 15000 213 252 03

passed 7 or 17 imes 10 pig kidney cultures produced ifection in
volunteers This represents a 1/3000 dilution of culture matenal
Fever up to 99 8” occurred 1n 1 volunteer but no symptoms
amounting to a defitute tllness were noted ~ All the volunteers who
resisted infection had detectable serum antibody when moculated
except for the one récerving 150 TCDy, of 17th pig kadney passage
virus  An attermpt was made to detect changes tn the virulence of
viruses obtatned from volunteers These viruses retamed their
pathogenmcity for pig kidney cells and when virus contamed 1
throat swab matenal (about 10 TCDg) was passed to 5 furtb;;
volunteers only 2 became mfected No illnesses characteristic

d were produced However, one infected 0
one uninfected solunteer developed the symptoms of 2 cald aad
this may well represent the  activation  of an erdmary cold viros
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the appearence of 3 common cald virue dusiag an attempted seral
passage of adenovirus has been observed at this unst (Pereirz and
Roden, unpubhshed data)

Iafluenza viruses

Rugsian workers have extensive espenence of prepaning
attenvated strans of mfluenza vieys for admumstration to man
{seeZhdanov, 1959) Earher workatthisunstsupgested that, dunng
adaptation to eggs stramns of inflyenza virus tended to pass raprdly
from a state sn which they could tafect man and cause an avtack of
mild infiuenza to 2 state i which they fasled to mfect at all {Isaxcs
and Rodert, 1956, Isaacs, Negeont and Tyrrell, 1957) In col-
Iaboration with Dr L Fadeeva we tnoculated volunteers with two
Russin vacane strans  The results of the first evpenments are
shown m Table VI, No chmcal symptoms 2t all were noted but

Table VI
ErEeT of DeLENzA VRS A $955 RUSSIAR YACCINE STAATN
Passages of Dore bow  Antbody  Hines
stran gren EIDy, swolated e produced
TE 1000 sis o3 o5
7 ¥ !
7 HEL 1000 000 55 o5 o5
? L‘g
7 BEL 1000 s e [
legg
* The aneidody rivs was detected an th ealustees From whom virus war Holated.
1D o ca dnfoctians dove

VITus was secovered from all the volunteers recerving the original
vaccne, although most valunteess possessed detectable sesum
antibody n spite of thus there were no nses in seruem antibody
Ievels after the infections were detected  Sera were tirated at
Sahsbury and at the National Institute for Medical Research, ALlt
18l and 7 duffesent strams of influenza A virus were used a8 ant-
£en 1n hacmagghutmation intubition tests {ragumng from WS ta A
{Asan)] Complement fixatson tests using crude S antigens were
negative This vaccine vinus was passed once n eggs 2t himating
didutions, and 1he epg fnd was given 1o yolunteers m doses mular
ta the ongminal vaccine Only 1 out of 6 volunteers was mfected, 2
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result which suggests that the virus had a decreased ability to
initiate mfection snman  Five of the volunteers had mitial serum
HIanubody titres of 10 or less against the vaccne virus but others
were infected 1n spite of a serum antibody titre of 80

Discussion

Inastraightforward acute infectton the virus mnvades body eells
More virus 13 produced 1n therm and 1s shed to infect other cells
The mfected cells are damaged and so 1llness 1s produced and the
shed virus simulates the production of antibody If antibody 13
present when the virus reaches the body then infection does not
begin or does not spread because virus particles are neutralized
before they reach the susceptible cells

Many of our experimental infecttons do not fit mto this simple
preture and we are forced to ask far more questions than we have
answered  If we assume that a virus adapted to tissue culture can
multsply Jess well in human body cells—as seems to be true with
ECHO 11—why did we not observe a relatnely smaller anttbody
response when volunteers were infected with the tissue culture
passed virus which produced no symptoms ? How can one have
enough cells infected by a virus to produce an llness and yet have
no anttbody response as was apparently the case in some para
nfluenza Type I mfections ?

Perhaps the protein of adenovirus or of an ECHO 11 virusssa
better antigen for man than the components of influenza and para
influenza viruses Perhaps ECHO and adenoviruses m‘f:md or

bed from the gut and so gave an while
n limted 1nfl and paramfl virus the virus
was shed 1nto the lumen of the nose and swallowed and destroyed
1n the stomach Whatever may be the correct answer we shoul:
recognize clearly that it 1s possible to have a lmited infection wl;
a respiratory virus which may cause enough symptoms to be
called a common cold but shich may be mitiated 1 spite of the
presence of antibody 1n the serum and may end without produciog
any crease tn circulating antibodies  Infections of this sort may
oftenoccur in the coldswhich affiict adults in Nature on the other
hand they may never occur in Nature but only i volunteers given
rather large amounts of virus in an unnatural manner " .
Why did we need more tissue culture doses of paramfiuenz
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Type 3 than of paramnfivenza Type 1 to 1atrate infection tn man }
1t may be  seflection of the speed with which they sultiply mand.
adapt to tissue cultures of mankey kedney cells, or & reflection of
ke higher ttre of scrum 2ntibody apamst parainfiuenzz Type 1
wour wolunteers  On the other hand, of we used some other route
of ipfection we might have found that a much smaller dose of
parzmfiuenza Type 3 would smtate snfection, and this poswbility
will be exploted 1 future expenments

In generslit seema to usthat where, i our experuments, we bave
seen appasent atienuation of the virus for man this has been the

q falimitationin the cap f the viruses to muluply

wmman This may have been due either to the host baing telatively
Tesistant o7 inmuse, oF to the virus faving lost some of its former
bikity 10 multiply an human cells  Qur experiments suggest that
the yeduced amount of multplicatson leads 10 a reduction 1n the
sntensaty of symptoms produced without any qualitatve change s
the symptorns themselves  However, this may not always be so

‘The type of chinieal Miness produced by ECHO 20 virus was not
appzsently modified by passage of the virus i tusue culture of
human cells  On the other hand, 1he ECHO 11 vires was first
isolated from chsldren with respratary disease and yet we did not
$te any Tesp: y 1 the vol ghen thie virus
Does this mean that ECHO 11 virus was modified by passage m
tasue cultures, sere the childzen’s iltnesses produced by another
virvs which was not isolated, or is thete 2 difference tn the type of
symptoms which ECHO 11 produces m chaldren 1n Snedenandn
sdults s England? Usforunately, speeimens from patients
infected wath this virus were not avalable and these posaibihiues
could not be tested espesimentatly

Funglly, although all the vsuses were woculated i the same
way the type of symptoms prodeced varied with the biologscal
Type of the virus introduced  Itseetas therefore, that strctly con
teolled volunteer trials can tell us at least something about the
vaned pathogeme potentiality of viruses recovered from the
reapiratory teact of man,

Acknewledgements

These expetuments would have been unpostible without the
wilhng and canscientious help of the volunteers and the stafl of the
Unit We wish in particuler to thank M G Worthugron for per~
53107 10 refer 10 her work on udenavieuses, Dr M L Bynoe and



83 D A ] Tyraewt anp F, E. Buckiane

N v M Il bt aba i o

SO N RPN

. T T .
VINS;’ : ' ) : ' ' :
DISCUSSION

Dich What 1ests are used for punty, to exclude from your tissue
culture matenal known pathogens or agents which we do not yet
Tan L e teas iy S w30 ToLe £ ailasse o emnale

.- s . - .

response ta the test virus (s due to an mfection with a contammating
agent

Tyrrell In geoeral, e obtain a new virus from some other
taboratory and cultivate 1t by the methods used 1n thas laborstory.
We check that its general properties are as they should be  We check
1ts 1dentity by a neutralization test with specific immune sera, we
keep the cultures going for about three weeks to give any contamnat-
1ng viruses & chance to grow up  We have detected contaunating
Viruses on several occasions mixed up with a new virus, on these
vecasions we did not noculate the onginal virus to volungeers
Another safety test 18 to pive the new virus to ourselves  We havenot
H I e A

— Ve e 1 41e nr a6 geryman

thaw ed and we had the impression that We WEIE Juslig aswuws v *
10 the process of doing that, but 0dd specimens had titzes of upto
10* ot 10* infectious doses per mi

R e, e e A dgaiitiad

nearly as muchvarus

1d to these possuve
*  ulane Bumet’s ownt
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Dick What tests are used for punity, to exclude from 3our tssue
culture material known pathogens or agents which we do not yet
know how to 1solate ? I am reminded of the fact that many people
used Hel.a cells far & tong time, without realizing that many strainy
are contanunated with PPLO vp 1o 10* per ml  One wonders
whether in the voluntesrs given the pig hidney tissue culrures, the
symptoms nught not be due to ECHO viruses and that no antibody
response to the test virus 1s due to an infection with a contamnanng
agent

Tyrrell In general, we obtan a new virus from some other
faboratory and culuvare 1t by the methods used in that laboratory
‘We check that 1ts general properties are as they should e 1We check
1ts identity by a neutralization test with specific immune sera; we
keep the cultures going for about three weeks to give any contaminat-
g wiruses a chance to grow up  We have detected contamnatng
viruses on several occasions muxed up with a new virus; on these
accassons we did not snoculate the onginal wirus to.xulumem.

thaved and we had the impression that we were losing a lotof virus
in the process of domg that, but add specimens had titres of upto
102 ot 10° infectious doses per m!
Kilbourne How many did you putin?

Tyrell We putn 10%, so we were getting out nearly as muchwirus
48 We Ut In, some days after we had putitin

Stuart-Harss; ‘Thinlung of the background to these postve
results with influenza, comparing Sir Macfarfane Burnet’s own
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pi £ some dapted dBr Isagcs’s
recent unsaccessful aftempts to infect wach stramns pruttardy solsted
1 eges, and carned 1n eggy, I wonder nhat happens to ifluenza
visus, when it 1s put 1o the ¢gg, which makes 1t pon-tnfectioud for
human

Burnet That it a problem wbch has interested me for many yesns
and, ar fskru Tknow, until the ldvmt’uf A2 strams in i‘bz, the nnlx
- o bl M (b e St ag Ligten

your expenence of that ?
Isaaes Ve tred the Asian virus, an particular, and after one
ammone passage we found one typical nfluenzs case put of three
h 1 3 d After two further virus
passages 1 eggs at kmuting dhlution we found no chinscal effects insix
volunteers, 6o virus was recovered, snd there was 5o antibody

. v . .

L ames e, } suppose st would have beer  We have heard that

N C . .
Vuiizer Dy produced waith b consistency & use in antibody in those
who had no, or very low, bassc satbody ‘The A results were not
Tnearly g3 regular, but we got & fair number of nses, enough (o festat
cut on 20,000 people afterwards
Aulder Wosth the egg-lines of Asian virme | gat na eats
Tesponse i humans, but ss xon 23 the siram was passed mn mice st
£ave an annbody sespanse 1 thought from general experience, and
150 from the esperunents of Franas, that the mouse-adapted bises
could give respanses aad protection i volunteers much betser than
g knes
+
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Dick What tests are used for punty, to exclud
e from your tiss
.cu!(ur‘c matertal known pathogens or .lzcnt! which we 33 notsy‘::
N . R AN A

PRI iptag)

aa e at . .

agent

Tyrrell In genensl, we obtan 2 new virus from some other
laboratory and culuvate 1t by the methods used i that laboratory
We check that sts general properties are ay they should be  We check
1ts identity by a neutrslization test with specific immune sera we

he cu)! forabout three neeks to y

ang viruses 2 thance to grow up  We have detected contarminating
viruses on severa) oceasions muxed up with 8 new varus, on these
occastons we did not inoculate the onginal virus to volunteers
Another safety test 13 1o grve the new wirusto ourselves W ehavenot

- aalsslanema gormon

10 BETUIL I Tl uss
1 s RYv apestion 18 related to Prof Dick's n connexion

.
a1 " ' - .« . ¢ swab was
. " " . . hem, these
LI - wes e » frozen and

themed d we had the mpress o =2 " « Jotof virus
::’l;:i‘r:c: ‘of doing that, but odd specimens had titres of wpto
10" ot 107 anfectious dou?i. %er m’putm R
Cilboterne W man you

’1\';{1111 \\! el;r:t u‘:nl‘O‘Ylo wew e;,e‘ Eetm;i t::: nearly asm
, some days sfter we had pu
B?n::t‘l‘?m Thinlang of the back\gmm‘ s dlle
sl with nfluenzs, companng Sir Macfar
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{eome Dz Isaaca’s
secent unsuccessful sttempts to mfect wath stratns pumartly isotated
n eggs, and carried in eggs, 1 wondes what happens 10 influenza
vatus, when 1233 put into the egg, which males 1t non-infectious for
buman betogs

Burnet Thats a problern whach has interested me for many years
d, 23 far 2 { know, until the advent of A2 strams in 1957, the only
ive findsngs from humen mocufation of mfluenza A n smalt
e3 were ux the experiments which Miss Foley ead T did 1 1940,

tuch we got two undoubted typical influenzas and one hrgh-tire

10 antibody 1n three people who had no tiat antsbody as tested

hemethod then bemgused  All subsequent work, mcluding our

0, indicated that a very large dose of egg-adapted materal had to
gven wmtravenously ta give any sost of infection at all  Ar thar
me T thought that only O-phase virus had human pathagensewy
In Aman A2 vicus there appears to be na O-phase 10 the sameaense,
v and the pathogentesty seems to persist Jonger Dr Isaacs, what 1s
your expenience of that ¥

Tigaes We tried the Asian virus, sn particufar, #nd afrer one
ammotc passape we found ont typreal influenza case out of thiee

b he ather two shy h After two further vims
passages s eggs at rmting dilution we found po chineal effects maix
volunteers, no virus was recovered, end there was no annbody
response It 1s not very convinting, but certamnly the irst passage
shatersal was 1he only one that showed anythung

Tyrrell We then took some of that virusand passed it ten times in
tmonkey kidney cells, and 1t semained m the D phase 1t produced &
rold-hkeliness 1n otic of the three people infected, but we did not
Work 1t gut praperly

Perere § understood that the anubody tetres 1n these tao experi~
ments were determined by haemagglutinstion inhibition and com-
Plement fixation tests 5 ould 12 not be pussible that you might have
had some serum nevtrshizing snubody risea ?

Tyrrell Yes, 1suppose te would bave bren We have heard that
certamn workers 1 Czechosiovakua have done expenzments Like this
with Russian A2 strains, and got results shmost identscal wieh ours

urnet In the earliest work in this field, for whah we were re-
aponssbie, 1n 194043 the strmn LEE B adapted to 2gg by Franais
and iven & good few passages 1n aur laboratory, when gaven ta

' produced wch £ anse t antibody tn those
who had

A

% Jow, basic anubady The A sesults were not
nesrdy y  wegatafar number of rises, enough to test it
wiron o e

Atul. [ of Asan ttrus 1 got 1o anngense
reponse a3 the siran way passed 10 muce 1t
gove s ht from general expesience, and

1so from « that the mousevadapted Linee

uld g volunteers much better than
hoves
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Duck What tests are used for punty, to exclude from your tissve
cufture matenal known pathogens or agents which we do fot yet
Se—r e ey el SR R e R do ot v
agent

Tyrrell In general, we obtain a new virus from some other
laboratoty and cultivate 1t by the methods used 1n that laboratory
We check thatts general properties are as they should be  We check
1ts identity by a neutrelizatson test with specific immune sera, we
T met I Y SV + asletn e e anu eontaminat-

e ~ nsnn wolves Wehgvenot
1

Tyrrell Dr Isaacs, of course, 18 very entical of theseexperuuienis
from this pointof view  We used amniotic or allantorcmoculation to
1sofate the virus  We took throat swabs, or throat swabs plus
garelings and nasal washings, at daily intervals from 10 5, days

thawed and we had the impression that we were losing a lotot vius
1n the process of doing that, but odd specimens had titres of upto
10% ot 10° nfectious dases pes ml

Kilbourne How many did you putmn ?

Tyrell We putin 10 so we were getting out nearly as muchvirus
as we put 1n, some days after we had putitin

Seuart-Harre Thinking of the background fo these p;asm"e
results with influenza, comparing Sir Macfarlane Burnet's OWR
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fsome d: d Dr Tsascs's
recent unsuccess{icl getempts to miect with strams primanly ssolated
1 eggs, and carmed 1n egge, I wonder what happens to snfluenza
Virus, when it 1a put anto the ¢gg which makes 1t non-mfectzous for
human beings

Burmet That ss 2 problem whych has interested me for many years
and, as far s § know, until she sdvent of A2 strans 1n 1957, the only
pontve findings from human moculation of nfluenza A in small
doses were an the expermnents which Miss Foley end ¥ did m 1940,
1 which w & got tw o undoubted typical influenzas and one high-titre
nise 1n antibody tn three people who had o tstral entibody as tested
by the method then bemnp used Al subsequent work, including our
own, indicated that a very large dose of cgg-adapted matenal had to
be guen intravenously to gave any sort of infection at el At that
tume | thought that anly Q-phase virus bad human pathogensesty
1 Asian A2 virus there 3ppears to be no O-phase i the same sense,
snd the pathogenaity seems to persist fonger  Dr Isaacs, what 18
your expenence of that ?

lroacr We tnied the Asian virus, mn particular, and after one
amniotic passage we found one typicst wnfluenza case out af three

k ! The other h After two fusthar vieus
passages i eggs st kmuning dilutson we found no chnical effects mux
volunteers, no wirus wad recovered, end there wes no antibody
response It 18 not very convinaing, but certnly the first passage
matenal s the only one that showed anything

Tyrrell We then took some of that virusand passed 1t ten tamesan
monkey Lidney cells, and 1t recamed m: the D phase 1t produceda
cold-ldke sliness in one of the three people mfected, but we did not
work tt out properly

Pereira 1 understood that the antibod) titres 1n these twoexpern-
ments were & by b 0 com-
plement fixation tests Vv ould 1t not be possible that you mighchave
had sorne serum neutsalizing #ntibody sises

Tserell Yes, ¥ supposcat would hase been Ve have heard that
certan workers in Czechoslovakia have done expenmeanty ks this
with Russran A2 strains, end got results almost wentical with oors

urnet In the earbiest work in thus field, for whuch we were re-

sponsble, 10 194043, the stram LEE B adapted 1o e28 by Francs
and gnen a goad fow passages in out laboratory, when maven 1o
solunteers produced wath far consisteacy a nise in antibady i those
wha had 1o, or vesy low, basc antbody The A results »ere nat
Dearly as regular, but we got 4 faie numher of nises, enough to test 1t
aut on 20 000 people aftcrwards

Aufder \ath the 3 Lreee of Asian virus 1 got R snngee
Teaponse  humans, but s %0an as the stram was f”“d snoamce it/
g e an antibody responae £ thought from generatexpenence, and o
atsa from the expenments of § rancs, that the mouse-adapted Linex
coutd gave responses and protection i volunteers much berter
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. LKXbon:TzJ { hfve' Just been reviewng some of the experiments

marnmals
Stuart-Harns \V?as the early Amencan work not done with very

large doses of virus
b4 . Ve e aoatl amen . .

strains that you have recovered at an mnterval after infection whereit1s
reasonable to suppose that multiplication has taken place, have you
put that into volunteers esther with or without further tissue culture
passage ?
Tyrrell Yes We did such an experiment in connexton with the
adenovirus work because we were thinking of a lee virus vzcc‘mh
3 aL Led ASNDCN A dsuints Sl phahnr i

R

dox that has to be

Kilbourne Dr Tyrrell, you raised another pnrahe pmdumonLDf

explamned In the case of paranfluenza 1 and ¢l

hurnan, 1t may be praducing largely non infectious virus, £ s
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quantitatively not enough to be an antigeruc shmulus, but 1t 18
producing s vivo cytopathogenic effects which are suffictent to
T 2

work to find this out
Buckland We have worked with monkey kidney, and so have
ety I ey PR

Andreoes In that connexion, the apparent attenuation of 8 vitus
which Tyrrell described has, of course, been achieved by passage 1
monkey kidney, and at the moment we are attempting to get &
sinular attenuation by passage in human kidney tissue

Stuart-Harrs In tegard to the question of nasal symptoms 1n
relation to human infection, arguments have been put forward that
they are based on an allergic seaction At the pacanfiuenza vigsses
are probably agents which circulate widely mn the population, T
wonder whether svmntame diie tn them mav he nrmarle dis not to
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Burnet Anintersstng possibility there, by analogy with inflyenza,
18 that you mught have an infection which hberated 2 great deaf of
mcomplete non infective varuy which nevertheless had the aflergn
This rght make st ds diffieult to a virus

And; But, of the £ viruses were dong that, we
should be able 1o pick them up in pssue eulnace

Morgan What ebout the effect of snnhistarunes]

Burmet Has it been tested 1

Alorgan T don't know whether 1€ has been tested i this disease
It has certainly been tested in respiratory infections that are not
defined and I do not think any of the tests offer much hope that thiy
was the mechanism
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Burnet The important discussions of this meeting have centred
around two topics, fitst the evidence for and agamst \;anmon n
Yo A L am 2 L. PREO S e\ s

vartation in 1afluenza virus virulence over the years

Andrewes Tam interested in Dr halbourne's view that the 1918
influenza virus was not particularly virulent and that virulence of
associated bactena can explain the facts of that pandemic 1 confess
1 gm't see how that theory explans the curious age mnadence ‘uf
~a L leadgar Lol b P RN

nfluenza virus, but these bacteria also, got up a tertan momentura
and spread together nat only 1n the war area but
also when they got 1nto other countries such a3 India This s na
way a cheering pownt of view, because 1t means that we magnificent
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nathneene than an tha hasle af a shaman tamalt -

23rren 18 11 MUU PUSSILIE, LIF, INHDOULLE, 4L W Bdil it dus
P TR e gl R R

may indeed produce variations but we are Just not good enough at

reached ecologically 1n man over the years with this virus, and w):‘w
ther; should be any partrcular survival value in a virus being highly
virul

lent
“Andrewes* Tt would be odd that mfluenza virus should be so very
stable as regards 1ts virulence when 1t 1s the most labile virus we
know as regards 1ts antigenic properties d
EKilbourne Except that linkage between antigenic vafation an
vrrulence 18 certamnly not demonstrable.
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Tyrrell It seems to me that the mechanism which Dr Andrewes
suggested could be operating here  The varus 18 basieally vatiable
but 11 generally kept at such a level of virulence that enough sputum
= ‘p‘_ﬂ)'!d -m(.md d\m_ng ;o m(!cucn‘(ur other hosts to be affested
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B et Qeaten L T TP

lines thus far tested

Peresra Have you tried 1t in human embryonzc cells ?

Kilbotrne N

Tyrrell Another of our safety precautions 1s that we never give
viruses which have been through any sort of transformed cell lines

Jtaacs You would agree, Dr Kilbourne, that Asian viruses can
vary i virulence in mice, they can be adapted to mice

Kilbourne Yes

Jsaaes 1 would take the stand that the Asian varuses could also
varyin virulence forman  Some of the components of virus virulence
which have been mentioned today can, perhaps, be brought to-
gether  One potnt that was mentioned was the rate of varus muln
plication ‘There 18 quite good evadence in the hterature thatin some
strains, at any rate, the more rapidly multiplying strans are more
virulent  Antigenic novelty l'xas also been r?enuone(‘i_ . andka strain

earher His experiment gave the surprising r:u‘xlt lhx'r a Jarge dos:
B . H g P
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are messuring when we talk shout virulence 13 sunply the sbibty to
reach a cnhu} Yirus concentration, “That would fit in very mcely
PRt o

Andrewer Just as soon e the leve! of the swine A antibody mn the
‘buman population has gone down low enough

Mulder 1 think that there 18 2 chance that it will go down

1Bugutl Why has 1t not escaped snto children and young sdults

already

Mulder Some children mught show swine antibody At the age of
20 years the incidence 13 about 3040 per cent, and at the sge of 401t
33 nearly 100 per cent  1f a chuild were to get swine A imfluenza it
would be difficull for the virus to find #s way through the popula~

hon
Morgan There 1s 8 great deal of mflucnza ssolanion in lowa
Kilbourne Dr Tyrrel), 1 secall thar you found that = monkey.
l‘udney adapted stran was pathogenic, but pig-fudney adapted

. . e .
onty s few st culture doses of parasnfiuenza vicus passed anée or
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_.Lf_'\"ﬁ'ffm:rhf q_uestio?.of ‘:‘f“lf'}fe l—sAdcsely u:d'up vtnh the

O1ner SPELIEs  I1 1L LOULL DE SNOWN ENat BUAPTALION OL, Bay, £Lg VILUS
to the mouse s with a change of the h of the
virus, a start would have been made in the determunation of g wirus
virulence factor

L

oo
Kulbourne s there any evidence that, once influenza virus or sny
other virus 1s adapted to an alten host, to a certan state of virulence,
3t will change with passage in reasonably hugh dilution 2 Syr Mac
farlane Burnet rused the point of the probability of 8 very small
1noculum 1n the natural human disease and rermunded us of his own
the fact that the ch buility of virus and
the favourmg of genetic change 1s greater with passage :: low

d: but when d 1nto bouth Alrica ndu »
highly Jethal effect on most of the antelopes there ‘There 1s always
doubt about what & virus will do when 1t 13 transferred from its
natural host to an ahen host It 1s very diffcult to generalize or to
look for specific biochemcal reasons for sts behaviour

Andrewes Prof Mulder has some justification for hus fears about
the Amenican reservotr, because 1f we take the swine A influenza at
all senously 1n relation to hurnan mfluenz, we have to believe that it
got from man to pig  If 1t jumped one way 1t mught jump the other
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tropic for the
ferret too and vice versa There 1s the fact that Shope’s Iabom!o
swine hine 11 xm.medm:ly pneumom:pxc nmice and ferre!s I feel

Af Pl Thacs g4t e dfa o atem - s en o s

vaccmes s that they spread, the second 18 that excreted vacemne
viruses cannot be differentrated from some of the less virulent
naturally occurning strams  Both of these pomnts are generally

S e

Hom. e cannot p d virus has com
Dletely different :h:mnnuhm frorm namrally areiening avemlans
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impotted virus, or was 1t a change mn a naturally occurring avirulent
stramn which for some reason suddenly became epidemic ?
Jsaacs Have you any information about the Russian results ?
Dick The Russian passage experiments were done 11 3 very
artificial way The Rujsmns n:ok faecal vaccine virns and then putit
U Pulreh ) R i

13 that 1n virulence tests I understand that in some tests monkeys
- ina Asal el PR,

1 s LI 3 TN SO o e aglall

wrote about this But 1s 13 quite unsound to draw 2 comparison
between 17D and vacana, because the whole point 1s that 17D does
not spread

Anpa'rme: Ordinary yellow fever spreads and a modified vanety
called 17D does not  Why can you not get a sunslar situatton 1n

olio ?

v Tyrrell The sdenovirus vaccmne rmught be put m this group
because the titres of virus mn the throat are very low, it 1s quite dif-
ficult to reisolate the virus

Burnet I gather that what you really want1s amarker by which you

Sihatal o

& Exact
.lS)';:ar!?Har‘rln’; Prof Dick argues sery strongly that enc Wzt”:
attenuated viruses which do not spread, and yet others n¥ h,euit bt
vehement that such a vaccmne would be almost useless vers
« 1 ati0n where von want an attenuated virus is n the presence of 21
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only condumns(xt the present moment un,der which ane would l;ka
P Atiatiiart Il el U et I it ,

. .- .
: -

Lncr €8, 11 you use a heterologous type YOu £an sort thangy out,
bunif sartourwhich paral;
sc cases rught have been due to your vacane varus, and which had
been due ro the natural strmn, unless You have sn adequate marker

Goffe Even so, the use of such a strasn mught well act only by an
wterference phenomenon  One could argue that one mught get
exactly the same result of materal contaunng snterferon were fed,
perhaps the nght thing to do 13 2 controlled expenment uung
s e 3 .

sdenag the {:ct that Jennenan vecemation 13 3 dangerous procedure
nthaganen tharorg Honfa ma mleagmom B = am L PNt

. - .
lretang, i

Kilbourne What Prof Dick waats mthe fosm of the non-spreading
virus mught theoregically be available sumply by grving raw nuclesc
aad, 1f this 1 ever quanttatively posssble

Dich 1t maghe pick up ats hoat protein and come out the way it
tarte

Kibourne This would have to be one with no human patential
whatsgevar

e 1 evid %

ofe St i
of the Malca strain for the years preceding 1943 7

actarl Kot
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Dick Why should you do any damage 1n any ummunzing pro-
cedure ?

Burnet 1 doubt whether any ymmumzing procedure 15 possible
without some nisk of damage Jennerian vaccination has definitely
produced s certain proportion of damage I might say [ am strongly
n favoufrof sticking mjs:ﬂk'sl'

n hnen amn dav sty

£ Y " ..
B e Than ea maads e ek e i
somebody, W e et et o shmns o damennf

n-
these instances adequate evidence of alxlera:mn of the geneu:a ::lo "
oo e . [ nca merenees

¢ parasite P "
of g‘aalr,x 1 am sure that both you and Dr Kilboumne aLre1 ;x; B":' ;xmn’
assmlable position because none of us can produce ‘tjheu!
for you, and 1f we could 1t could not possibly be tested ol ! on that
Burnet 1would stress, with reference to the Malta situ ld n that
the cases of polia mn the years preceding 194243 occurre
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R LY LI £ P FER

13 much greater
Isaaes Could not this be explained on the basis of a different
antigenic type ?
l,?\mzm‘ I'do not lhenk'so

strain of, say, good antigenscity with one that 1s mantfestly avirulent
(at lcast in 8 laboratory speciés) then 1 this condition—where one
o i e nS0TY, Seqies) then Jn (i3 pondnonTNYTE One

transfer virulence and avirulence across to another antigemic site
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will emerge as a new dominant form Genera] experence of virus
genetics suggests that there can be no such thing as a completely
stable virus

thbm‘mu 1 was th}nkmg more spesxﬁcally 1 terms of translation

described
Cue #1 NTngeafs aern Tdmanbialt ce oL oL o T
and other varuses, but I cannot see that he would ever be satisfied,
because no matter how long a virus may have remamed avirulent
under ! cond; a8 soon as 1t 13 duced snto the
human population 1t may be unstable and begin to throw off virulent
mutants
Dick have thought about this in 17D quite a byt, although T have
not done an experiment to prove st I think it is quite possible Ehzt
- s\ ahia i b e il vood

with regard to 17D
Burnet An slternative answer to Prof Smuth’s question might be
that if you gave the whole population the attenuated polio virus at
the same time, 1e covered everybody, the chance of a mutant
gy Ha g ary emall and of van do

PIODAUIE LISK F NOT USINg 1L
urnet Quite As in ail hurnan action!

» e e e
Burnet ‘This has been a very mnteresting discussion but [ think we

all knew that no complete preture of virus v:mlefccncfg_f e
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