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EPIDEMIC INFLUENZA:- ITS CAUSATION AND PREVENTION. 

PART ONE - MAINLY HISTORICAL. 

Influenza is a disease of the respiratory tract. It is 

characterised by an abrupt onset, pyrexia, ill defined muscular 

pains, and a serous or catarrhal discharge from the epithelium 

of the nose, pharynx, and bronchial tree. Economically it is 

important, as twenty per cent or more of a given population may 

be affected by it; taking to bed for about four days and 

remaining "off- colour" for two or three weeks thereafter. 

In general, influenza is a relatively mild disease, but as 

a cause of death it is more important than might at first appear. 

During an epidemic, the number of deaths ascribed to influenza 

rises sharply. At the same time, there is a sharp rise in the 

death rate from tuberculosis, chronic bronchitis and emphysema, 

pneumonia, and heart disease. Many chronically ill people who 

would otherwise have died in 1958 or 1959 were hustled to their 

graves by the winter epidemic of 1957. "Congestive cardiac 

failure" may be inscribed on the death certificate, but it was 

influenza which precipitated the end. 

Our knowledge of the disease prior to the 19th century is 

sketchy. Between 1591 and 1675 influenza appears to have been 

virtually extinct. This lengthy respite came to an end with a 

major epidemic in 1675. Right through the eighteenth century, 
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influenza was fairly prevalent; and a good account of the disease 

was given by a contemporary writer named Robert Johnson. He 

chronicled an extensive outbreak which occurred in 1789, and was 

puzzled by the extreme rapidity with which the disease spread. 

"Contagation ", or the spread of a disease by person to person 

transfer from the sick to the well, could not explain the 

simultaneous appearance of influenza in "Europe, Africa, the 

Isle of Bourbon, and on ships at sea ". Johnson admitted that 

the transfer of a "morbific principle" played a major part in the 

development of epidemics. But some additional factor was 

required to explain the simultaneous appearance of the disease 

at a number of points. "Some viscious factor of the air ", he 

suggested, must also act in the initiation of the disease. 

This idea savours of alchemy - of the days when the body 

and all its afflictions were explained in terms of earth, air, 

fire, and water. But even from the scientific heights of the 

twentieth century, we cannot be altogether scornful of this 

suggestion. Human influenza in temperate climates is a winter 

disease, with its peak in the Northern Hemisphere between 

November and February; and in the Southern Hemisphere between 

May and August. Changes in meteorological conditions may well 

influence the development of epidemics. Three valuable points 

emerge from Johnson's writings on the 1789 epidemic. Influenza 

is primarily spread by contagation; it is an infectious disease. 



It is also essentially an epidemic disease, the incidence of 

sporadic cases being small. Thirdly, its spread cannot be 

explained solely on the basis of person to person transfer of the 

virulent organism (or "morbific principle ".) It must involve 

additional factors. 

During the first half of the 19th century, influenza was 

relatively prevalent. There was an extensive outbreak in 1847, 

which almost reached pandemic proportions. After this, however, 

the incidence of the disease waned steadily, and between 1860 and 

1889 was virtually extinct in the western world. 

This lull came to an end with a pandemic in 1889; and from 

that date to the present day there have been epidemics of 

influenza every two or three years. The origin of the outbreak 

is obscure. Where did the virus lurk for forty years, and what 

factors enabled it to burst forth to involve the major part of 

the world in an epidemic? Burnett and Clark have suggested 

that although influenza was absent from Western Europe between 

1850 and 1889, the disease probably remained endemic somewhere in 

Central Asia. They consider that the organism became exalted 

in virulence at Bokhara in May of 1889, and then spread to attack 

a world where the general level of immunity towards influenza was 

at a low ebb. 

By 1890, the science of bacteriology had become established. 

Previous generations had had no means of investigating the 
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aetiology of influenza, but the situation was now changed. In 

1892, Pfeiffer succeeded in demonstrating a small Gram negative 

bacillus in the sputum of many influenza patients. By 

incorporating blood in an agar medium he was able to culture this 

organism, which is now known as Haemophilus influenzae. 

Pfeiffer claimed that the bacillus was present in all the 

cases of the disease he had investigated; that it was not 

present in the nasopharynx of normal individuals unless they had 

recently recovered from the disease, and that its distribution 

was in accordance with that of the lesions of influenza. 

Other workers, however, found Pfeiffer's bacillus in many 

people with no respiratory symptoms and no recent history of 

influenza. They also found it in a number of other infectious 

diseases. Noreover, although during epidemics the bacillus was 

isolated fairly frequently from influenza patients, it was very 

hard to find in cases diagnosed as influenza between epidemics. 

Such sporadic cases, however, might have been wrongly 

diagnosed as influenza; and even where the diagnosis had been 

correct, failure to culture the bacillus by some workers might 

have been due to the technical difficulties' involved. Pfeiffer 

remained unshaken in his belief that the bacillus he had isolated 

was the cause of influenza. Post people in the eighteen- nineties 

agreed with him; only a few dissident voices maintaining that the 

issue should still be regarded as not proven. 
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After the 1889 pandemic, influenza remained fairly prevalent 

in the community, epidemics appearing at fairly regular intervals. 

In Britain, the deaths ascribed to influenza over the ten year 

period 1880 -89 numbered less than 1 per year per hundred thousand 

of the population. Between 1890 and 94 the death rate was 36 

per hundred thousand per annum. It fell gradually, but in the 

five years between 1910 and 1914 was still fifteen times as high 

as it had been in the early eighteen eighties:4 

In 1918 there occurred the most catastrophic pandemic of 

modern times. Influenza killed more people in one winter than 

the war had killed in four years. On the Indian subcontinent 

the entire population increase of the previous decade was wiped 

out in the space of a few months. It is estimated that influenza 

killed between fifteen and twenty five million people during the 

outbreak. 

The start of the matter was not at all dramatic. A brief 

outbreak of mild influenza occurred in Spain in the spring of 

1918. At about the same time, smmilar epidemics of mild 

influenza appeared in France, the U.S.A., and in the Far East. 

Attempts to trace spread of the disease from one of these areas 

to another were not successful, and it appears that at least three 

distinct foci of origin were involved. This snrin wave did not 

spread widely. South America and Africa were only slightly 

affected, while despite the prevalence of influenza in the U.S.A., 
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Canada escaped with a very minor outbreak. Thus the spring wave 

appears to have several foci of origin, to have been uniformly 

mild, and to have been only moderately invasive. 

The second wave appeared at the end of August. I$ struck 

simultaneously at many parts of the world, and soon proved to be 

a very different affair from its mild counterpart of the spring. 

Many cases presented from the onset with violent pulmonary 

inflammation, developing lung oedema and extreme cyanosis and 

dying in a few days. Others contracted what appeared to be 

ordinary influenza, but developed bronchopneumonia after four or 

five days, from which they either died or recovered after a 

lengthy convalescence. 
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PART TWO - CAUSATION. 

During the pandemic an enormous volume of work was done on 

the relationship of Pfeiffer's bacillus to influenza. The 

results of these studies were confusing and contradictory. The 

bacillus was present at one stage of the disease but not at 

others; absent in many cases of influenza and present in many 

normal individuals. 

Shope, in his review of the pandemic, considers that the 

Haemophilus influenzae was probably not significantly more 

prevalent in people ill of influenza than in normal people during 

the first wave of the epidemic. During the second more lethal 

wave, matters were rather different. Selecting data from 

"several dozen well known bacteriologists" he states that these 

men found the bacillus in upwards of 70;L of the cases they 

investigated after August 1918, and in upwards of 90% of cases 

from which they examined post mortem material. 

Nevertheless, H. influenzae was by now losing favour as the 

aetiological agent of the disease. It was present in too many 

normal individuals, and absent in too many cases of the disease. 

But the remarkably high incidence of the organism in fatal cases 

still requires explanation. 

Many people began to turn their attention to the possibility 

of a virus being responsible for influenza. Volunteers were 

innoculated intranasally with filtered and unfiltered secretions 
6 
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S 
taken from influenza patients. Two workers, Selter and Leschke, 

succeeded in producing influenza with bacteriologically sterile 

filtrates of upper respiratory tract secretions. Both series of 

cases were small, however, and despite the prevalence of influenza 

in the community, no attempt was made to guard the volunteers 

against the normal channels of infection. 

Workers such as McCoy and Friedbergef, who performed well 

controlled experiments with fairly large numbers of subjects, did 

not succeed in producing a single clear cut case of influenza. 

Since they were unsuccessful both with filtered and unfiltered 

secretions, this evidence argued neither for nor against a virus 

aetiology; it merely served to deepen the mystery. 

The first major advance came not from the study of human 
G 

influenza, but from researches by Shope and Lewis into an 

allied condition in pigs. During the 1918 pandemic millions of 

swine became ill and thousands died from a disease which appeared 

very similar to human influenza. The condition was unknown 

before 1918, but since then it has appeared annually in North 

America. 

Shope and Lewis obtained nasal secretions from infected swine, 

and in 1928 established the disease in laboratory swine by 

instilling these secretions intranasally. They succeeded in 

isolating an organism which was apparently identical with 

Haemophilus influenzae from practically all their infected animals. 
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In only one case, however, could Shope produce influenza by 

innoculating swine with pure cultures of the bacillus. Crude 

secretions obtained from cases were regularly infective for his 

laboratory swine, but the bacillus alone had no effect, despite 

the fact that it was present in every case of the disease 

investigated. 

By 1930, Shope had begun to think in terms of a virus as the 

cause of the disease, He innoculated ten pigs with bacteria -free 

filtrates of nasal secretions from infected animals. Seven of 

his swine developed a mild febrile illness, which was definitely 
7 

not influenza. He called this "filtrate disease" and subsequently 

showed it to be due to a virus. 

Eventually he established that the virus and Haemophilus 

influenzae suis act s jnerJírt iii to produce swine influenza. 

The virus alone produces "filtrate disease "; and the bacillus 

alone has no effect. 

The virus seemed the more important agent, since animals 

became immune to influenza when innoculated with it; while 

innoculation with. H. influenzae suis had no such effect. 
S 

This work of Shape's strongly suggested that a virus should 

be sought for in human influenza also. Swine influenza had been 

unknown before 1918, and its incidence and occurrence then closely 

paralleled that of human influenza. It seemed reasonable to 

suppose that pigs had contracted the human disease, and that the 
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virus demonstrated was a descendant of the organism causing the 

1918 pandemic. 

Confirmation of this carne in 1933, when Iaidlaw and his 

colleagues succeeded in producing a febrile illness in ferrets 

by innoculating them intranasally with filtrates of throat 

washings taken from human influenza patients. As the filtrates 

were bacteria free, the illness must have been caused by a virus. 

Clinically, the condition resembled influenza, and since serum 

from convalescent influenza patients could render the virus 

incapable of infecting ferrets, it almost certainly was influenza. 

Methods of studying the virus and of obtaining it in a pure 

and active state were soon introduced. Burnett showed that it 

could be grown by innoculating chick embryos. As these are 

sterile, easy to obtain, and easy to handle, his technique soon 

became standard. 

Another useful technique was that of red cell agglutination. 

It was found that the virus particles combined with "receptors" on 

the surface of red cells, causing the cells to become linked by 

virus bridges. The cell -virus complex then sedimented to the 

bottom of the tube. The virus particles could be recovered in 

fully active form by elution of the complex with sterile saline. 

This technique provided a means of estimating the number of 

virus particles present in a given suspension, and of recovering 

virus in a highly purified form. Since serum antibodies inhibited 
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the agglutination of red cells by virus particles, the method 

could also be used for titrat'l antibodies. 

Epidemics of influenza could now be studied by isolating the 

organisms responsible from the throats of patients. Sera 

prepared in ferrets against known virus strains could be used in 

the examination of freshly tsoI4tcc/ strains. 

These methods soon showed the influenza virus to be 

remarkably plastic. Three types of virus were distinguished, 

all causing clinical influenza, but having no detectable antigenic 

similarity. Virus A is the type responsible for most major 
to 

epidemics. Virus B (isolated by Francis in 1940) causes rather 

more isolated outbreaks, although it did succeed in causing 

influenza on a global scale in 1945 -46. The C virus seems to be 

widely distributed, since most adults have specific antibodies to 

it. is not, however, encountered with any frequency during 

epidemics and is probably of minor clinical and epidemiological 

importance. 

Apart from this clear cut demarcation into groups, there is 

considerable antigenic variation within each group (with the 

possible exception of group C). These variations have been 

particularly marked in group A, and it is to such variation that 

virus A owes its persistence as the cause of widespread epidemics. 

Between 1933 and 1935, the strains isolated bore a close resemblance 

to the virus originally isolated by Laidlaw, Andrewes, and Wilson 



12. 

Smith, and were known as WS strains. From 1936 to 1946, PR8 

strains were more prevalent. These had much in common with a 

virus isolated in Puerto Rica by Francis in 1934. A. further 

variant known as A -prime appeared in 1946, and gradually replaced 

the older strains throughout the world. Apart from their so 

called "soluble antigen" A -prime viruses have little in common 

with WS or PR8 strains, and immunity to the latter gives no 
13 

protection against A -prime infection. 

In 1957, yet another "new" virus appeared - A /Asian x.57. 

The complement fixation reaction given by its soluble antigen 

showed it to be a type A virus, but otherwise it had no 

detectable antigenic relationship with any known strain. 

Mulder found that certain individuals over seventy years of age 

possessed antibodies to this organism, and this has led to the 

suggestion that A /Asian/57 may be related to the virus causing the 

1889 pandemic. 

Whatever the truth of this idea, the vast bulk of the world's 

population possessed no protection against Asian influenza, and 

the epidemic spread rapidly from its focus of origin in north China 

to involve the whole of Asia and Australia, and the greater part 

of Africa and the Middle East by July 1957. Somewhat paradoxically, 

in view of its rapid spread in tropical countries, the epidemic 

did not become widespread in Europe and North America till the 

beginning of winter. As in previous epidemics, influenza proved 
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to be a winter disease in temperate climates, while attacking in 

the tropics irrespective of time of year. 

The success of the influenza virus as a persistent parasite 

on man is due to its plasticity. Recurring epidemics repeatedly 

build up immunity in the human herd. This immunity is highly 

specific, however, and is partially or completely ineffective 

against a newly emergent strain showing major antigenic changes. 

In 1935, Shope showed that most adults possessed antibodies 

capable of neutralising the virus of swine influenza, and that 

most children under ten did not. He drew the conclusion that the 

virus of the 1918 pandemic (closely similar to the virus of swine 

influenza) had been widespread in the population up till 1925, 

when it was replaced by WS -like strains. This fact is utilised 

in the following table, illustrating the perioduity of major 

antigenic variations in the type A influenza virus. 

Date. Predominant strains of Influenza A. 

1925 Swine influenza - like strains. 

1925 - 1935 WS -like strains. 

1935 - 1946 PR8 -like strains. 

1946 - 1957 (1958 ?) A -prime strains. 

1957 - ? A /Asian /57 strains. 

This table suggests that periodically, every ten years, there 

is a major antigenic variation in the influenza A virus. An 
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antigenically "new" strain appears, which replaces the virus 

predominant at the time. 

As has already been stated, serological evidence suggests 

that A /Asian /57 is similar to the virus responsible for the 1889 

pandemic. This indicates that the antigenic variations of the 

influenza virus may follow a cycle. In thirty years time, 

perhaps, the world may once again experience an epidemic due to a 

virus similar to that causing the 1918 pandemic. WS -like strains 

may reappear at the turn of the century, and the A prinu viruses 

may have another heyday in the 2020s. A cycle of antigenic 

variation taking seventy years to return to its starting point 

would adapt a parasite well for a host with a seventy year life 

span. By the time a strain reappeared in the host community 

relatively few individuals possessing antibodies against it would 

still be alive. 

Antigenic variation is not the only important form of 

variation shown by the influenza virus. The A and B viruses are 

quite dissimilar in their antigenic constitution, but produce very 

similar clinical influenza. On the other hand, strains identical 

antigenically may have very different pathogenic powers. 

During the 1951 epidemic, Wilson Smith isolated four 

apparently identical strains of A prime virus. One strain proved 

lethal for the chick embryo, causing widespread lesions which 

affected practically every organ in the body. It also had potent 



15. 

neurotropic properties in the mouse. The three other strains, 

antigenically identical to it by every known criterion, did not 

have these properties. The aberrant strain ( "Strain Pea 4') 

showed biological variation while maintaining its antigenic 

composition unchanged. 

Such biological variation probably played a key role in the 

1918 pandemic. Few people who caught influenza during the 

spring of 1918 were reinfected during the severer autumn wave, so 

the virus had probably not undergone any major antigenic change 

in the course of the summer. Its pathogenic powers, however, had 

become greatly enhanced. It was much more virulent than the 

spring organism had been, and it spread with explosive rapidity. 

It developed the power to act synergistically with H. influenzae 

(a power not possessed by the virus during the spring wave) and 

provoked so severe an inflammatory response in the lungs of young 

people that many were drowned in their own inflammatory exudate. 

Wilson Smith believes that changes in the surface configuration 

of the virus particles may play an important part in determining 

changes in their biological properties. Heat treated virus is 

far more readily prevented from agglutinating red cells by 

inhibitory substances than normal virus. He suggests that heat 

treatment may bring the virus receptors (which combine with the 

red cell receptors) into closer apposition, in such a way that a 

single particle of inhibitory substance becomes capable of blocking 
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more than one virus receptor. f6 
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During an epidemic of influenza, the virus can be isolated from 

about 75iä of the cases investigated. On the other hand, sporadic 

cases occurring between epidemics seldom yield the influenza virus. 

Between 1942 and 1946, Stuart Harris investigated three thousand 

cases presenting with respiratory symptoms. Only 21 of these 

were harbouring influenza A, and 24 influenza B. 
4 

The incidence of sporadic cases of influenza is so low that 

it is hard to imagine the virus being maintained in the population 

between epidemics by transmission in such cases. 

It is possible that the virus, passed from man to man during 

epidemics, lurks in an animal host between epidemics. In swine, 

the influenza virus is maintained between epizo -otics in the body 

of a helminthic parasite, the swine lung worm? Lungworms pass 

part of their life cycle in earthworms, and when the pig 
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earthworms it takes in lungworms too - and also the virus particles 

they are harbouring. These virus particles are in a dormant 

state, but a variety of stimuli (such as infection with H. 

influenzae suis) are capable of activating them and provoking 

full -blown swine influenza. 

The incidence of helminthic parasites in man is not suffic- 

iently high for such a mechanism to be important in human 

influenza. Ferrets and hedgehogs have been suggested as possible 

animal hosts, but the opportunities they have for infecting man 

are somewhat limited. 

The guilty animal, if one exists is probably one in which 

influenza is as prevalent as the common cold, and so mild in its 

manifestations as to escape detection. The World Health 

Organisation is at present investigating the possibility of pigs 

serving as a source of infection. Most present day strains of 

human influenza are capable of infecting pigs.- The disease 

produced is characteristically much milder than swine influenza. 

The natural incidence of "human" influenza in pigs may be quite 

high, since Shope succeeded in demonstrating antibodies to PH8 

strains in twenty eight out of twenty eight swine in one series 

of experiments, and in fifteen out of twenty swine in another. 

Even if pigs are found to be innocent of infecting man, dogs, cats, 

sheep, and cattle should be investigated before the search for an 

animal reservoir is abandoned. 
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During an epidemic, many individuals who never develop the 

symptoms of influenza are found to be harbouring the virus in 

their respiratory tracts. The importance of healthy carriers in 

influenza is illustrated by the Ocean Island outbreak of 1950. 
1$ 

This outbreak occurred three days after the arrival of a shipload 

of Chinese labourers. Only the Polynesian population of the 

island were affected; none of the Chinese going down with the 

disease. There had been no influenza on the island for the 

previous twelve months, so influenza must have been introduced by 

the Chinese. There had been no cases of influenza among the 

Chinese during the three week voyage from the mainland, so they 

must have functioned as healthy carriers. 

This example suggests that the influenza virus may be 

maintained between epidemics by passage among healthy carriers. 
I4 

Taylor, however, argues against this idea. He took throat 

washings from boys at a residential school at frequent intervals 

for two years. Pooling his samples, he attempted to isolate 

influenza virus from each pool. At first, there was no virus 

to be found in the throat washings. Then in February, 1947, the 

virus appeared. Not until a month later did clinical influenza 

appear in the school population. During April and May, influenza 

was rife in the school, and the virus was isolated from both ill 

and healthy boys. Ten days after the cessation of the epidemic, 

the virus could no longer be found in throat washings, and it did 
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not reappear during the remainder of that year. 

The inference to be drawn from this work is that healthy 

carriers are abundant during and immediately before an epidemic. 

They play an important part in the seeding of the virus through a 

population immediately before an epidemic and in the transmission 

of influenza during an epidemic. At other times, however, 

carriers can not be found; so influenza is not maintained in the 

population by healthy individuals harbouring the active virus 

between epidemics. 

The seasonal incidence of influenza may be important in the 

maintenance of the virus. In the northern hemisphere, epidemics 

are at their peak between November and March; in the southern 

hemisphere, between May and August. After causing an epidemic 

in Europe and North America, the virus may cross the equator to 

produce influenza in Australia and South Africa. At the end of 

the southern winter, it may travel north again. By this time 

the resistance of the northern population has waned somewhat, and 

the virus has probably undergone certain changes in its antigenic 

constitution. As a result, it may be able to produce a further 

epidemic in the northern hemisphere. 

This idea undoubtedly contains part of the truth, but it 

cannot be the whole story, since influenza epidemics do not occur 

every year in either hemisphere. In the summer of 1948,4 a small 

outbreak of influenza occurred in Sardinia, Sicily, and Calabria. 
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It died down without spreading. In the autumn, however, a 

further outbreak appeared in Sardinia. It was multicentric 

in origin, appearing simultaneously in ten different regions. 

The epidemic spread through the Mediterranean area and by January 

had invaded Western Europe. A virus had appeared in the summer, 

vanished for a while, and then reappeared in the autumn to produce 

an epidemic. 

In June 1950, an A prime virus became locally active in Sweden, 

The outbreak soon died down, but in October the virus reappeared 

in Sweden and Finland. A /Scandinavian /50 (as this virus was 

called) spread through Western Europe, and by Christmas it had 

reached the East Coast of Britain. As in the Sardinian outbreak, 

a virus had produced a localised epidemic, disappeared, and then 

returned. 

The "Scandinavian" epidemic was relatively mild clinically. 

In January 1951, however, influenza appeared in Liverpool and 

killed many old and infirm individuals. The organism concerned 

was not the Scandinavian subtype, and became known as the "Liverpool 

virus. It was very similar to strains which had been isolated in 

Australia and South Africa six months earlier, and had probably 

reached Liverpool by sea from the southern hemisphere.? 

The 1950 -51 epidemic shows that an outbreak of influenza may 

originate in two ways. The virus may cross the equator to enter 

a country in fully active form - as the "Liverpool" virus did in 
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January 1951. Or, like the "Scandinavian" virus, it may lurk 

in dormant form for a while, to cause an epidemic when activated 

by favourable circumstances. The multicentric origin of many 

influenza epidemics (observed, as stated earlier, as far back as 

1789) points to the existence of a dormant form seeded through the 

population prior to the onset of a detectable outbreak. 

Variations in the avidity of the influenza virus for antisera 

are of interest in this respect. Three phases of avidity 

variation are described. In the P phase, the virus is strongly 

inhibited by homologous antisera. In the Q phase, inhibition 

with antisera is not well marked. The R phase virus is 

inhibited not only by homologous antisera, but also by heterologous 
1.0 

antisera. 

During the 1950 -51 epidemic, all the Scandinavian strains 

isolated were in the Q phase; while the Liverpool strains were in 

the P phase. It was found that Q - P variation could be induced 
by growing the virus in the mouse lung; and P -Q variation by 

growing it in chick embryo allantris in the presence of homologous 

antiserum. 

Later in 1951, Scandinavian type virus was isolated in the 

P phase. Q - P variation had evidently occurred under natural 
conditions. In 1952, two strains of the Liverpool virus were 

isolated in Bahrein each consisting of a mixture of the P and Q 

phases of the virus. Since all strains of the Liverpool virus 



22. 

hitherto isolated had.been in the P phase, Isaacs concludes that 

P - Q variation was actually occurring at the time when the 
Bahrein viruses were found. 

The Q phase of the virus reacts poorly with antibody, and is 

thus better fitted to survive in a partially immune population 

than P phase virus. Since P - Q variation can be induced by 
homologous antisera, it is likely that the virus responds to a 

rising level of immunity in the population by going into the Q 

phase. 

It is tempting to suggest that the dormant virus postulated 

above is virus in the Q phase. Q phase virus, however, is 

capable of producing clinical influenza. It promotes antibody 

production, and can be isolated from the throats of those who 

harbour it. It probably represents a stage in the passage of the 

virus from the fully active P form to the hypothetical inactive 

dormant state. 

In June 1950, after failing to produce an epidemic, the 

Scandinavian virus seems to have entered the dormant phase, perhaps 

lurking in chronic lung lesions. In October it "came up" to the 

Q phase, and produced an epidemic. Later it "came up" still 

further, and entered the P phase. 

The Liverpool virus was in the P phase when first encountered 

in Europe. By 1952, conditions had apparently become unfavourable 

for it, and it began to "go down" to the less vulnerable Q form. 
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The survival of the virus between epidemics may be accounted 

for by one or more of three mechanisms. Firstly, it may be 

harboured in an animal reservoir. Secondly, at the end of each 

winter it may cross the equator,'to return the following winter. 

Thirdly, it may pass into a dormant state via the Q phase when 

conditions for its dissemination become unfavourable and be 

harboured by carriers in this inactive state. The onset of 

winter seems to influence the activation of dormant virus; 

perhaps because it coincides with a high incidence of miscellaneous 

respiratory diseases, which lower the resistance of the 

population and create favourable conditions for the virus. 

Given an organism capable of existing in the population 

between epidemics, the occurrence of the latter is governed by 

antigenic variation of the virus, waning immunity in the 

population, and non specific lowering of resistance due to 

intercurrent disease and bad climatic conditions. 
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PART THREE - PREVENTION. 

With most diseases, discovery of the organism responsible 

has paved the way for major advances in prevention. Influenza, 

however, is not easy to deal with - either preventively or 

therapeutically. 

A disease may be prevented (1) by eradicating the organism 

concerned, (2) by destroying the animal reservoirs which harbour 

it, if such. exist, (3) by preventing spread of the disease, or 

(4) by rendering the population insusceptible to infection. 

The influenza virus is not easily killed; nor is it easily 

located between epidemics. No readily available antibiotic 
12 

attacks it. Isaacs has prepared a substance from heated influenza 

virus which, he claims, inhibits normal virus. Even if this 

substance proves effective therapeutically, it will be a 

considerable time before it becomes cheap enough and available 

enough for prophylactic use. 

If an animal reservoir exists, it has yet to be discovered. 

If pigs or cows are incriminated, agricultural necessity will 

preclude destruction of the animals; and the problem of eradicating 

the disease in livestock will have to be faced. 

Prevention of spread through the imposition of quarantine 
13 

regulations has been attempted, and Burnett believes that this 

method was responsible for delaying the entry of the second wave 

of the 1918 pandemic to Australia. Other workers believe that 
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healthy carriers are so important in the dissemination of the 

virus during an epidemic that the isolation of cases does little 

good. They claim that Australia was protected from the pandemic 

influenza of 1918 -19 not by quarantine regulations but by the 

extensive outbreak of mild influenza which occurred in the spring 

of 1918.' 

Infection with influenza occurs through the inhalation of 
3 

dust and droplet nuclei contaminated with the virus. Various 

methods of decreasing the infectivity of the air (such as the use 

of dust laying resins or irradiation of the atmosphere with 

ultra violet light) might reduce the incidence of influenza in 

hospitals, schools, and military establishments. Air 

sterilisation is in its infancy, however, and no methods are 

available which could be applied to private homes or public 

transport. 

The cholera vibrio produces an enzyme which destroys the 

"receptors" with which the influenza virus must combine to gain 

entry to the cells of the respiratory epithelium. This enzyme 

has been used successfully to protect mice against experimentally 

induced influenza. 

As new cells and new receptors soon appear, protection is 

short lived. Besides, not enough is known about possible side 

effects of the cholera enzyme; its use in humans might well be 

dangerous. 
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Hyperimmune sera prepared in horses have been used to 

confer passive artificial immunity. Intranasal innoculation 

does afford some protection, but the effect is so short lived that 

this method will probably never be really effective in influenza 

prophylaxis. j3' 

The use of live, attenuated virus to confer active artificial 

immunity has not been widely attempted. As Francis puts it 

"attenuation in the laboratory may be accompanied by rejuvenation 

in the.field ", so the method is not without its dangers. 
1.5 

Isaacs and Roden gave A prime virus which had been cultured 

in the chick embryo allantvis intranasally to seventeen volunteers. 

None of the volunteers became ill, and none showed any rise in 

serum antibodies to the virus used. Egg passage had apparently 

deprived the virus of its power to infect humans. 

Russian workers have suggested that a more effective live 

vaccine can be prepared by growing the virus on human embryonic 

tissue after egg passage. The World Health Organisation appear 

a little cautious about this idea, perhaps fearing that the virus 

might develop pathogenic as well as antigenic potency if cultured 

on human tissue. /4 

Consequently, despite the fact that relatively large amounts 

of killed virus are required to give immunity, most of the work on 

vaccination against influenza has been carried out with formal - 

inactivated virus suspensions. 
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In 1943, 6263 soldiers were given a vaccine prepared from 

a PR 8 type virus. The control group consisted of 6,211 soldiers. 

The incidence of hospitalised influenza cases among the vaccinated 

soldiers was 2.21 0 among the controls it was 7.l. The 

incidence of influenza in the controls was less than that in the 

population at large. This suggests that the presence of 

vaccinated individuals in army establishments had protected the 

controls by raising the level of herd immunity. 

In 1947, an epidemic of influenza due to A prime virus 

occurred in America. Ten thousand students at the University of 

Michigan had been vaccinated some months earlier with inactivated 

PR 8 virus. The incidence of influenza was little different 

in the vaccinated and control groups; the attack rates being 
2 

7.19' and 8.09% respectively. This and many similar trials show 

that vaccination is effective only when the virus causing the 

epidemic is antigenically similar to that incorporated in the 

vaccine. In 1956, Davenport showed this to be true for influenza 

B as well as for influenza A. 

During 1954 -55 and 1955 -56 extensive field trials on 

vaccines incorporating A prime strains were carried out by the 

11 
Medical Research Council A group of volunteers was innoculated 

with influenza B vaccine; and this group was to have served as 

the control for several groups innoculated with various types of 

influenza A vaccine. Unfortunately, both A and B strains were 
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prevalent during the period concerned, so the trials were 

deprived of a satisfactory control group. 

The incidence of influenza in the population was low during 

the trials, so it is likely that the cases reported as being 

influenza were diluted with miscellaneous other respiratory 

illnesses. For these reasons, it is impossible to assess the 

effectiveness of the vaccines employed by the MRC on this occasion. 

Rather more informative is the work of Hawkins and Hatch2$ 

in Wellington College, Berkshire. Six hundred and sixty four 

boys were at this school. They were treated as follows. 

(1) 120 boys - vaccinated in December 1954 with both A and B type 
vaccines. 

(2) 100 boys - vaccinated in November 1955 with an A type vaccine. 

(3) 100 boys - vaccinated in both December 1954 and in November 
1955. 

(4) 344 boys - served as unvaccinated controls. 

In February 1956 there was an epidemic of influenza. The 

attack rate in the control group was 20%. That among the boys 

vaccinated in 1954 only was 12%. Thus a significant degree of 

protection was exerted by innoculations fifteen months after they 

had been given. 

In the group vaccinated in 1955 only, the attack rate was 

8. Now the virus causing the epidemic was not identical with tha- 

incorporated in the 1955 vaccine; it was more closely related to 

that used in the 1954 innoculations. Nevertheless, a 60% measure 

of protection was afforded by the injections of November '55. 
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In the group innoculated on both occasions, the incidence 

of influenza was only 2%. Thus vaccination on two occasions, a 

year apart, gave a 90°jß degree of protection; while the protection 

afforded by 2 single innoculation was 40% for the 1954 group and 

60% for the 1955 group. 

The epidemic of Asian influenza in 1957 gave the Medical 
zq. 

Research Council a further chance to carry out vaccine trials. 

Serological tests were first undertaken, to determine the methods 

of innoculation giving the best antibody response and the optimum 

dose of inactivated virus. It was found that the antibody 

response to a single innoculation was poor, probably because the 

Asian virus was new to the vaccinated individuals, and therefore 

acted as a primary stimulus to antibody production. When a second 

innoculation was given three to four weeks after the first it 

produced a ninefold increase in antibody production with respect 

to the primary response. 

Following on the preliminary studies, vaccination was carried 

out on public school boys, students at teachers' training colleges, 

and employees at various industrial establishments. 

The schoolboys were allocated to three groups; each group 

containing about 400 boys. The first group was given a vaccine 

containing 20,000 haemagglutinating units of the Asian virus. 

The second received a vaccine containing a mixture of Swine, P.R.8 

and A prime virus. The third was innoculated with an influenza 
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B vaccine. 

By the time the vaccination could be carried out, the 

epidemic in Britain was already under way. During the first 

eight days after innoculation, the attack rates in the three 

groups were 23.4%, 23.1% and 21.7% respectively. After the 

first nine days following vaccination had expired, the attack 

rate was 12% in the group given the Asian vaccine, compared 

with 36% in each of the other two groups. 

It had been intended to allocate the student teachers to 

three groups; giving one group 7000 H.U. of the Asian vaccine, 

another group two doses of the same vaccine four weeks apart; 

and the third, influenza B vaccine. As the epidemic was 

virtually over before the second dose of vaccine could be given, 

the protective effect of a second dose could not be assessed, 

and in consideration of the results groups one and two were 

amalgamated. 

In the first group (x 200 students innoculated with the 

Asian vaccine) the incidence of influenza was 14.8¡ during the 

first eight days after innoculation. In the second group it was 

11.8 ( 100 students vaccinated with influenza B). Here again, 

the vaccine exerted no protection during the first eight days 

after its administration. Thereafter, however, the attack rate 

was 2.8% and 11.7% respectively for the two groups; a protective 

ratio of 75% being given to those receiving the Asian vaccine. 
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In the third section of volunteers, little difference in 

attack rate was seen during the first fifteen days after 

innoculation. Thereafter, the incidence in the control (B 

vaccine) group was 10.3% and, in the group receiving Asian vaccine, 

4.ß . 

These trials show that if a vaccine incorporating the virus 

causing the epidemic is used, vaccination gives a level of 

protection against infection varying between 50% and 75íó - but 

not until a week or ten days after the innoculation has been given. 

The preliminary serological studies suggest that two doses a 

month apart are probably more effective than a single dose, 

particularly where 41,antigenically new type of virus is causing 

the epidemic. 

Vaccination in its present form can not prevent influenza. 

Even when the virus incorporated in the vaccine is antigenically 

similar to that causing the epidemic, vaccination only reduces 

the incidence of cases by about two thirds. The disease in 

vaccinated individuals, however, tends to be milder than in the 

rest of the population. 

It takes one chick embryo to produce one immunising dose of 

influenza vaccine. To give protection to the entire population 

of Britain would require about fifty million fertilised eggs each 

year. The doctors of Britain would have an additional burden 

of fifty million annual injections on their already overworked 
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shoulders. An immense volume of publicity would be required to 

produce even a seventy per cent response from the general public. 

The practical difficulties in launching any really ambitious 

scheme of influenza immunisation are so immense that it is 

tempting to abandon the idea of controlling the disease; after 

all it is neither fatal nor prolonged in its effects, as a rule. 

But there is always the threat of another pandemic of the 

1918 variety, killing off millions of young adults. If the 

machinery for mass immunisation is set in motion now - the vast 

egg farms set up, the armies of technicians trained, and "influenza 

vaccination officers" appointed in each area - when and if a lethal 

strain of virus arises, its progress will be checked. If 

vaccination is kept on its present small scale level, the pandemic 

will have created its havoc by the time mass immunisation can be 

set in motion. 

The World Health Organisation has set up reference laboratories 

in every continent, to detect new strains of the influenza virus 

as soon as they arise. In the event of a major epidemic being 

threatened, they envisage the vaccination of doctors and nurses 

(so that the sick will be cared for and antibiotics given to 

minimise the bacterial complications of influenza), and of 

individuals playing key roles in the public services and vital 

industries. 

It might be worth while supplementing the programme of WHO 
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in countries such as Britain and America by carrying out really 

large scale clinical trials, involving hundreds of thousands or 

even millions of people. Only with really ambitious projects can 

much be learnt about factors such as herd immunity. Such large 

scale trials would develop the production and administration of 

vaccines to such a level that mass immunisation of the population 

in the event of a future pandemic might become a possibility. 

In the process, absence through illness on the part of the 

vaccinated individuals might be reduced by a significant amount, 

resulting in increased national productivity through the saving 

of millions of valuable man -hours. 
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