
EDITORIALS

The spread of type A influenza

THE behaviour of epidemic influenza has always puzzled the
thoughtful doctor. Thomas Glass of Exeter writes to John

Fothergill about the 1775 influenza epidemic:
'Nor does this distemper seem to arise...from contagion. For
in-this city, in the year 1729, it was conjectured that two thou-
sand persons at least were seized with it in one night.'
August Hirsch a century later has in his textbook a detailed

section on the supposed infectiousness of influenza:
'The question whether influenza is...contagious has given oc-
casion to lively controversy. In more recent times the great
majority of observers have answered it decidedly in the
negative...on the ground that the spread of influenza can be
shown to have taken place quite independently of inter-
course... I may add...that it has not spread more quickly in
our times [18831, with their multiplied and perfected ways
and means of communication, than in former decades or cen-
turies. We shall find it hard to discover any reason for coun-
ting influenza among the contagious or communicable
diseases'2
How does this 'lively controversy' stand after a further 100

years? Since the discovery of human influenza virus in 19333
opinion has swung back in favour of direct infectiousness like
that of measles in which the sick infect their non-immune com-
panions who promptly fall ill. Edwin Kilbourne in his 1975 text-
book adopts this view:

'Influenza is a contagious disease transmitted directly from
person to person by expulsion of the virus from the
respiratory tract'4
Yet he and others have drawn attention to more than a dozen

features of the behaviour of epidemic influenza that cannot be
so simply explained. Recent discoveries have added new findings
inconsistent with an epidemic mechanism of direct transmission
and have not dispelled the objections of the earlier observers.
Great epidemics often cease after a few weeks despite an abun-
dance of available non-immune persons. Epidemics often erupt
simultaneously over huge geographical areas. The disease pro-
bably spreads at much the same speed now as in Hirsch's day.
The disease and its causal agent disappear for months between
epidemics.

Antigenic drift, the minor variation of the virus from season
to season, cannot be explained without major modification of
the hypothesis of direct spread. Drift is said to be caused by
'the interplay of virological mutability and immunological selec-
tion', the pressure being provided by herd immunity, 'the an-
tibody pressure exerted by the population at risk with infectious
cases of influenza'5 This explanation cannot be correct because
persons possessing such immunity are usually spared. It is
precisely the non-immune persons who are attacked. An alter-
native explanation is considered later.
The 'vanishing virus' is perhaps the most puzzling of all the

problems. At antigenic shift a virus subtype, that has for a decade
or more been causing all the reported type A influenza in the
world, abruptly disappears and is replaced world-wide within
a few months by a novel subtype. In 1957 HlNl type A influen-
za viruses, having caused all the type A influenza since 1946,
disappeared and were everywhere replaced by H2N2 type A in-
fluenza viruses. The HlNl strains did not reappear until 1977.
In 1968 H3N2 had displaced H2N2 viruses, and both H3N2 and
HINI viruses are still causing type A influenza.
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Antigenic drift often poses a similar problem. A minor variant
of the virus that has been causing all the type A influenza over
a large area for one or two seasons may totally disappear and
be replaced next season by a different variant of the same sub-
type. Direct spread provides no explanation and an alternative
hypothesis will be considered.

Difficulties of another sort are encountered when we examine
the behaviour of epidemic influenza within households. Some
epidemics which have produced high attack rates in institutions
such as boarding-schools have shown a low secondary attack
rate in household outbreaks. The small first influenza epidemic
caused by the novel 'Hong Kong' H3N2 type A virus in
Cirencester in the 1968/69 season resulted in only 17 per cent
of secondary household cases, and it failed to spread at all in
70 per cent of households where it had gained a foothold. The
great second 'Hong Kong' epidemic eight months later affected
many more households, yet once again in 70 per cent of these
households only one case occurred and the secondary attack
rate was only 14 per cent. Moreover, no serial interval could be
found in either epidemic when the data from the household out-
breaks were cumulated.6 The demonstration of a serial inter-
val dividing primary (introducing) cases from secondary (resul-
tant) cases is the epidemiological evidence that the disease is
spreading directly from the sick within the household.7 Its
absence is therefore remarkable.
Such findings suggest that some important characteristic is

being omitted from our considerations, and indeed this is so,
since, as every general practitioner is aware epidemic influenza
is seasonal. Locally, influenza is episodic, appearing at much
the same season almost every year. In one small general prac-
tice population influenza virus was shown to have been present
in 24 out of 28 consecutive winter seasons - in the first quarter
of the year in 20 seasons and in the last quarter in four.8 But
influenza is found throughout the world population, and reports
to the World Health Organization show that, although influenza
is always locally episodic, it is in fact continually moving north,
south and north again across the surface of the globe. Six months
elapse from its appearance south of the tropics to its arrival north
of the tropics and vice versa, and it crosses the equator twice
yearly around the equinoxes.8 Any hypothesis claiming to give
an account of the epidemic mechanisms of influenza must in-
clude an explanation of this annual transglobal swing. Direct
case to case transmission cannot explain it, and a brief review
of the nature of seasonal phenomena may indicate the direc-
tion in which we should seek an alternative explanation.
We immediately encounter a natural law that appears to ad-

mit of no exceptions: all seasonal phenomena are ultimately
caused by variations in solar radiation. The earth is rotating daily
around a north-south axis which is tilted 23.50 from the ver-
tical to the plane of our annual orbit around the sun. Were it
not so tilted the plane of rotation would be the same as the plane
of orbit, so that vertical solar radiation would fall monotonously
upon the equator day after day, year after year, and there would
be no seasons. The 23.50 tilt makes vertical solar radiation travel
a sinusoidal path through the tropical belt, just reaching the
tropic of Cancer in the north each 21 June and the tropic of
Capricorn in the south each 21 December, crossing the equator
at the spring and autumn equinoxes. (Note that epidemic in-
fluenza follows the same path about six months later.) The
resulting variations in solar radiation cause all of the in-
numerable seasonal phenomena. Polar ice-caps, snowcaps and
glaciers on mountains expand and contract making oceans rise
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and fall, daylight lengthens and shortens, weather changes, en-
vironmental temperature is elevated and lowered, and plants and
animals have evolved countless adaptations to evade the rigours
or take advantage of opportunities consequent upon the varia-
tions in solar radiation. Seasonal disease cannot escape this
natural law and the mechanisms whereby it is mediated are
sometimes evident, as when a human parasite is transmitted by
an arthropod with a seasonal life cycle. For influenza the in-
termediate mechanisms are as yet undiscovered - indeed they
have scarcely been sought - but their existence is undeniable
and the influence of the seasons must occupy a key position in
any valid hypothesis of influenza epidemiology.
An hypothesis suggesting such a role for the seasons has been

tentatively advanced:7 during the attack of influenza the virus
so rapidly becomes latent in the host's tissues that it cannot then
be directly transmitted, and he becomes a symptomless carrier
of non-infectious virus residues. Next season and/or later, in
response to some seasonal stimulus, his virus residues are
reassembled and, without falling ill, he briefly becomes intensely
infectious. Those of his non-immune companions whom he in-
fects promptly develop influenza but cannot then pass it on
because they in their turn become carriers of latent virus. But
note that our original sufferer has undergone a change since his
attack of influenza because he has developed specific immunity
to the progenitor virus that caused his illness. Virus particles
reassembled to be identical with their progenitor cannot now
escape his immunity, so that he can offer his companions only
a limited assortment of mutant particles, variants of the same
subtype. Some variants will be scanty, some abundant, some
good and some poor spreaders and so on. His companions will
have unconsciously selected the mutant(s) best fitted to survive
and carry on the type A influenza virus species. Not the com-
munity but the patient himself is providing the immune pressure
causing antigenic drift. Influenza virus is variable because the
evolutionary adaptation of latency ensures that it will later en-
counter the immune reaction that it has itself provoked in the
infected person. Measles virus, its relative, has remained stable
because it is transmitted before the patient can produce the
specific immunity that would exert the pressure needed to change
it.

This mechanism of metamorphosis explains simply the pro-
blem of the 'vanishing virus', the disappearance of a widely
prevalent strain and its replacement next season by a new variant.
In the 1974/75 season, for example, a minor variant of subtype
H3N2 influenza virus, A/Port Chalmers/1/73, caused all the
type A influenza over a large part of the earth. Everyone at-
tacked by it received the same antigenic input, developed similar
immunity and next season offered their companions a similar
assortment of mutants. One mutant, A/Victoria/3/75, was
'fitter' than the others. The A/PC/1/73 virus was therefore ar-
rested by the immunity it had provoked and was everywhere
replaced by A/VIC/3/75 virus.

Laboratory experience is somewhat similar. In the 1950/51
season two minor variants of type A (H2N2) influenza virus,
'Liverpool' and 'Scandinavia', were causing epidemics in different
parts of Europe. Archetti and Horsfall in the USA9 and Isaacs
in London,'0 independently made the seminal discovery that
fertile chicken eggs infected with one of the variants and dosed
with the homologous antibody would produce a harvest of the
other variant. The carrier of virus and antibody as outlined in
the new hypothesis is analagous to one of Isaacs' eggs, infected
with a certain virus, producing homologous antibody and allow-
ing his companions to harvest a variant.
Almost all the difficulties that cannot be explained by direct

transmission are readily comprehensible on the hypothesis of
latency and seasonal reactivation. As Burnet surmised half a
century ago," the virus is apparently absent between epidemics
because it is lying latent, harmless and inaccessible in the tissues

of its recent victims. With the world population widely seeded
with symptomless carriers, great influenza epidemics can
sometimes explode out of an apparent epidemiological vacuum,
much as meadows suddenly become carpeted with dandelions.
Epidemics often cease abruptly despite abundant susceptible sub-
jects because the epidemic is composed solely of the persons
infected from carriers, and the sick cannot transmit the virus.
The serial interval cannot be demonstrated because the in-
troducer (the 'primary case') is not a case of influenza but a
symptomless carrier, and all the household cases are secondary
to him. The true secondary attack rates in the 'Hong Kong'
epidemics mentioned earlier would, according to this view have
been not 17 per cent and 14 per cent, but 25 per cent and 55
per cent, corresponding closely to the values recorded in institu-
tional outbreaks.

Should the new hypothesis be correct, what we are observing
is not the movement of the influenza virus from person to per-
son, but the remorseless movement north, south and north of
the annual seasonal stimulus recalling latent virus to infec-
tiousness in ubiquitous carriers and so affording the opportunity
for epidemics to develop among the companions of the carriers.
A seasonal crop is developing under our eyes at an unusual time
of year, and some seasons are favourable, others unfavourable
for the crop of influenza cases.

Certain predictions can be made to test the new hypothesis.
An out-of-season epidemic might be caused by someone who
is carrying the virus flying to Britain from, say, South Australia
in June when his latent virus had just been seasonally reactivated,
but the outbreak would be limited to his immediate British com-
panions because, by definition, though they may suffer, they can-
not then transmit the disease. Such a limited outbreak occurred
in a military establishment in Cheshire in May-June 1957, when
the population of Great Britain was almost universally suscep-
tible to the novel H2N2 type A influenza virus then epidemic
in south-east Asia.
Another prediction concerns the speed with which influenza

spreads. If direct transmission were correct, then influenza would
have travelled far more slowly in olden times when the popula-
tion was scattered and less than one-tenth of its present size and
when communications were slow and difficult. By contrast the
new hypothesis predicts that human travel would have had little
effect on the apparent rapidity of spread because the speed is
determined by the inexorable annual progression of the extrater-
restrial seasonal stimulus linked to variations in solar radiation.
In the past, carriers would have been more sparsely distributed
and the locations where there were no carriers would have
escaped, but reactivations and consequent outbreaks would have
appeared to travel at much the same speed as at present.
Fothergill studied the epidemic of 1775 by a questionnaire to
a score of his medical colleagues in various parts of the United
Kingdom. The temporal distribution, as judged from the replies,
was similar to that of a twentieth century epidemic.'2

Certain severe influenza epidemics cause a characteristic eleva-
tion of the general mortality within two or three weeks to a peak
high above the expected value, after which it subsides to the ex-
pected value almost as quickly.'3 This excess of the general
mortality follows so close on the heels of the lethal epidemic
that it can be used as a marker to time the presence of the in-
fluenza epidemic in different localities. On the new hypothesis
influenza might thus be recognizable in past centuries by its im-
pact on the burials recorded in parish registers. Work on this
approach is incomplete, but it has already been possible to iden-
tify historic epidemics as far back as the sixteenth century by
studying the burials in Gloucestershire parishes.'4 The work is
being extended to other parts of the United Kingdom to in-
vestigate the timing of ancient influenza epidemics for com-
parison with that of recent epidemics.

Neither the new hypothesis of metamorphosis nor direct
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transmission can yet explain the origin, disappearance, replace-
ment and recycling of subtypes of type A influenza virus. The
new techniques of molecular virology should soon be able to
detect latent residues of influenza virus if they are present in
the host tissues. If they are not present we have a problem on
our hands, because current epidemiological concepts are
woefully inadequate to explain what we find to be happening
to our patients.

R.E. HOPE-SIMPSON
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Clinical judgemene
CLINICAL judgement is at the heart of medical practice,

yet it defies satisfactory definition. Even within the tradi-
tional medical framework which focuses on the diagnosis of
disease, clinical judgement seems to be more than the sum of
measurable components. The diagnosis of the cause of acute
abdominal pain has been shown to be more accurate if aided
by a computer, but even in a condition where the outcome and
pathology can be accurately determined, clinicians do not rely
totally on the predictions of the computer.

In this issue of the Journal, Knottnerus' paper on the inter-
pretation of diagnostic data' shows how the predictive value of
a clinical examination or test changes with the prevalence of the
disorder being sought. The idea that the interpretation of an
objective test can change depending on the context in which it
is applied appears to go against commonsense. It is an illustra-
tion of how a numerical analysis can aid an understanding of
clinical judgement.

General practitioners strive for but rarely achieve certainty in
making diagnoses. This raises the question whether the prac-
tice of medicine is an art or a science. The answer may lie in
what is meant by science. Howie has drawn attention to the dif-
ference between the 'cellular' and 'behavioural' sciences.2 Great
advances in technological aspects of medicine have been
made by the reductionist 'cellular' analysis of problems. General
practice is only now coming to terms with the integrative
'behavioural' scientific method. There remains a conceptual gulf
between medicine and sociology which leads to a mutual rejec-
tion of research findings. One problem is that we still look for
'correct' solutions to problems, despite our own experience
that different solutions exist for the same problem. For exam-
ple, a man with a duodenal ulcer could take antacids, stop smok-
ing, give up his job, have an operation or suffer the
pain. Whether the patient with a healed ulcer and no job is seen
as a success or a failure depends on who is making the
judgement.

It is not surprising that words such as 'science, 'judgement'
and 'clinical' pose problems of interpretation for doctors.
Authors such as Feinstein3 and Marinker4 have shown how
medical taxonomy is inadequate for describing naturally occur-
ring phenomena.
Where does this questioning of the meaning of clinical judge-

ment lead? Perhaps we can learn from the disciplines which are
concerned with the meaning and implications of concepts and

issues. Welbourn,5 who is involved with the teaching of medical
ethics, points out that moral philosophy and ethics do not pro-
vide answers to particular clinical problems but establish the
framework and context for decisions to be made. Commonsense
is not the basis for ethical or clinical judgement. Sound
judgements can only be derived from a detailed and systematic
knowledge of the respective disciplines.
The value of pluralism must be recognized in an operational

specialty such as general practice. There was a danger that the
processes of performance review, vocational training and
postgraduate examinations would produce a uniform type of
general practitioner, but there is no evidence that this is hap-
pening and general practitioners remain richly diverse. Unifor-
mity carries the negative connotations of being controlled, static
and inhuman. Pluralism, individuality and diversity are desirable
in general practice especially if they are accompanied by a will-
ingness to look at personal performance and an acceptance of
change in the pursuit of better standards.

In this context performance review is not an end in itself. It
is one aspect of the quest for improved quality in general prac-
tice. Doctors who are joining small discussion groups which in-
volve performance review may be frustrated if discussions do
not move beyond the aspects of practice that are easily measured.
Quantitative analysis is an excellent basis for discussion but con-
sensus may not be the desirable outcome.

General practice will develop not through the imposition of
uniform methods but by the exploration of different approaches
which can be supported by logical and if possible scientific argu-
ment. In general practice it is not only that the goal posts move
during the game but the game itself can change.
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