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CHAPTER II . 

A GENERAL ACCOUNT OF INFLUENZA IN THE UNITED KINGDOM 
DURING 1918-19. 

In the first chapter we recapitulated the modern history 
of influenza, br inging the story down to the year 1911 ; we 
are now to enter upon a closer examination of recent events* 
in the course of which we may find it needful to re-consider 
the conclusions of our predecessors or the inferences provisionally 
drawn by us from their experience. 

The public health of England and Wales immediately prior 
to and during the first years of the war exhibited features of 
interest. So far as influenza itself is concerned, it wil l have 
been noticed in tables 9 and 9A of chapter I. that 1915 re­
turned from the whole of England and Wales (but not from 
London) more deaths attributed to influenza than any other 
year of the 20th century, not excepting 1908, a fact briefly 
alluded to by Dr. Stevenson in his annual letter. But this fact 
did not arouse much general interest, more attention was 
directed to the increase of deaths from poliomyelitis and from 
cerebro-spinal fever. The former disease which had been 
responsible for 177 deaths in 19.14, was credited with 178 in 
1915, 200 in 1916 and 174 in 1917. Cerebro-spinal fever, the 
records of which amounted to but 161 deaths in 1907, almost 
the same number (163) in the year before the war, killed 194 
persons in .1914, ten times as many, 1,974, in 1915 (this being 
the highest statistical prevalence since 1876), 1,214 in 1916 and 
1,531 in 1917. As a contributory factor of the total mortality 
even the largest of these items is not daunting (it is worth 
noticing that in 1915, the number of deaths of persons at ages 
15-45 attributed to influenza was 1,887, almost as many as the 
total of deaths from cerebro-spinal fever, but littl e attention 
was devoted to the subject of influenza by the general public 
who were greatly alarmed by the epidemic of "spotted fever") 
and seems triflin g in comparison with the harvest reaped by 
pandemic influenza three years later. We are also aware that 
the uncertainties of statistical comparison, already great in 
connection with " influenza," reach a climax in the group of 
quasi epidemic nervous diseases. None the less, we think that 
during these years there was an unusual prevalence of illnesses 
which the 17th and 18th century epidemiologists would have 
described in terms similar to those quoted from Sydenham and 
Huxham in our first chapter. 

Hence we think that the opinion of some epidemiologists, 
amongst whom we may mention Dr. Hamer and Dr. Crookshank, 

*  A complete analysis of the mortality statistics is not attempted in 
this report. Such an analysis has been issued by the General Register 
Office (Cmd. 700), and to it those needing full details are referred. 
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that the association or juxta-position of cerebrospinal fever, 
polio-encephalo myelitis, the Heine-Medin complex and epidemic 
influenza is not fortuitous, may be well founded. But a careful 
examination of the facts, has not warranted a more decided affir­
mation. We pointed out in the last chapter that no indications 
of the kind are furnished by the records of 1888-90, an omission 
to be set off against the discoveries of 1914-18. We can of course 
explain this discrepancy away. Thus we might argue, firstly, 
that the increased number of medical men in a position to make 
and record epidemiological observations and, secondly, some dis­
trust of statistical averages rightly founded upon the disturbance 
of vital statistics consequent upon war, have both combined 
to revive the ancient habit of recording medical observations, so 
that, during the war, we were again in pari materia with the 
18th century annalists. But such explanations are ad captandum, 
we may be unconsciously influenced by a desire to establish a 
striking generalisation, to emancipate epidemiology as an 
independent scientific method from its thraldom to bacteriology, 
i t is prudent not to advance beyond the point reached above, 
viz., adhesion to the belief that before the influenzas of 1918-19 
the quality of diseases affecting the population of this country 
was abnormal. Any further observations upon the general 
epidemiological question had better be reserved for a later 
chapter. 

The mass of observations upon the influenzas of 1918 and 
1919 is so great, that the compilation of a record intelligible to 
the reader and not a mere palimpsest, blurred by the super-
position of many narratives, is a task of difficulty ; it necessi­
tates the exclusion of much detail not perhaps less worthy of 
discussion than what is retained. Such selection is also liable 
to unconscious bias, in that observations favourable to the 
opinions adopted by the compilers may be given greater weight 
than others of more dubious interpretation. 

We have felt, however, that the.importance of furnishing the 
student with a study of the subject which shall be intelligible is 
such that the risks indicated ought to be taken ; i t is believed 
that sufficient indications of sources and critical annotations have 
been provided to guide the reader in need of more detailed 
information and criticism. 

In the present section some of the broad statistical facts 
respecting the later epidemics in the United Kingdom are set 
out. Owing to improvements in the methods of registration 
and tabulation at the General Register Office, especially such as 
took effect in the year 1911, i t is now possible to provide better 
coefficients of mortality than were available in earlier times. 

The mortality at ages in the metropolis expressed in the 
form set out in Chapter I. of this Report is no longer the only or 
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even the best criterion. It is, however, so desirable for epidemio­
logical purposes to preserve comparability that we tabulate the 
metropolitan experience (Table 1, p. 37) in precisely the form 
utilised above, save that after 1914 the war-time conditions render 
estimates of population at ages impossible. The figures for 
England and Wales are included in Table 9, p. 31. Without 
considering any other statistics than these, some broad general­
ities are at once admissible. These are :— 

(1) That the mortality in England and Wales, as a whole, 
attributable directly or indirectly, to influenza, is 
without any precedent in magnitude ; 

(2) That that of the metropolis affords no parallel more 
recent than 1847 ; 

(3) That the toll taken at the young adult ages of lif e is 
without any know West European or North American 
precedent. 

The first of these conclusions needs no further support than 
that provided by the figures. With respect to the second, i t 
appears from Dr. Dixey's tabulation (vide supra) that the excess 
mortality debitable to the London epidemic of 1847 amounted 
to close upon 7,000 deaths. Dr. Farr 's contemporary estimate, 
furnished before the returns were completely analysed, put the 
figure at 5,000, while Dr. Hamer computes the 1918-19 toll at 
approximately 18,000 lives. By 1911, the population of London 
was double that of 1847 ; in 1918-19, the considerable loss of 
males at working ages may have been largely compensated by 
the influx of operatives and of temporary clerks employed in the 
Government offices. Assuming a mere equality of populations 
in 1911 and 1918, an epidemic on the scale of 1847 would have 
destroyed 14,000 lives, a loss below the truth, but not so greatly 
below it that we can regard 1918-19 as out of all proportion 
more fatal to lif e in London than 1847. 

The third point, viz., the greater toll of young lives, is 
brought out in the tables already mentioned, and shown still 
more dramatically in Diagram I., taken from Dr. Stevenson's 
paper read to the Royal Society of Medicine in November 1918. 

Diagrams 2 and 3 refer to London experience (Table 2, p. 38). 

I t wil l be noted that the change is almost abrupt, and that 
the relatively heavier incidence of death upon the young ages 
increased up to the crest of the second wave; thereafter it 
receded, although the approximation to a pre-1918 proportion­
ality in the third wave never became close. 

These statistics refer to deaths only and for the population 
as a whole, we have no incidence data. We, have, however, 
such figures for particular samples. Table 3 and Diagram 4 
relate to block census enumerations made in various towns. 
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DIAGRA M 2. 

A G E 1NC1DENCE OF INFLUENZ A DEATHS IN LONDON IN 1918-19 

PERCENTAGES OF TOTAL DEATHS IN PERIODS OF 4 WEEKS. 

2263 

H. & C. GRAHAM LONDON 
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DIAGRAM 3 

AGE INCIDENCE OF INLUENZA & PNEUMONIA DEATHS IN LONDON (JUNE I9l8-APRILI9l9 ) 
PERCENTAGES OF TOTAL DEATHS IN PERIODS OF 4 WEEKS. 

2263 



(Chapter  2). 

To face p. 40 

LE ICESTE R . MANCHESTER. SOUTHSHIELD S BLACKBURN WIGAN WlDNES . 

The Diagrams show the proportional distribution of cases which would have occurred in each 
town had equal numbers of persons been exposed to the same risk in each age group. 



TABL E 3. 

NOTE.—The first column under each locality gives the observed percentage attack rate. The sum of these entries gives the number of attacks which 
would have occurred had 100 persons in each age-group been exposed to risk. The second column expresses the rates at ages as percentages of the sum of the first 
column. 
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(Chapter 2) DIAGRAM 5. 
NOTIFIE D CASES OF INFLUENZA . PNEUMONIA , BRONCHITI S 

COPENHAGEN 

To Pace p.42. 
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These results are remarkable. They exhibit minor irregu­
larities, dependent upon the fluctuations characteristic of 
sampling, but, as wil l be demonstrated in a later chapter, 
there is effective concordance between the individual returns. 
In all cases, the autumnal wave of influenza was less felt by 
those in the prime of life, and more by adolescents than 
the summer visitation. Since, as the mortality returns show, 
no such change in the incidence of death occurred; on the 
contrary, the proportionate toll borne by the adults continued 
to increase, it may be inferred that the relative fatality of the 
disease amongst those in the prime of lif e considerably increased 
in the autumn epidemic—an inference confirmed by clinical 
observation. 

The change of age incidence between summer and autumn 
which the block censuses indicate is exhibited in an extreme 
form by the notification statistics of the city of Copenhagen. 
A full account of the epidemics as witnessed in foreign countries 
wil l be found in other chapters of the report, so that we need 
not here discuss points of detail. Table 4, p. 42, shows that at 
Copenhagen the change of age incidence characterising the 
onset of the summer influenza was as great as here, while 
Diagrams 5 and 6 bring out the difference between summer 
and autumn waves. I t wil l be noticed that the goal at which 

TABL E 5. 

Proportional Distribution of Influenza Notifications in 
Copenhagen. 
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the English town samples seem to have been aiming in this 
matter of age incidence was reached and passed in Copenhagen. 
The incidence of influenza upon adolescents in the autumn was 
not only relatively, but, for a time, absolutely heavier than 
upon the adults. Table 5 compares 1918, with earlier Danish 
experience. We are authorised to regard this variation as an 
important epidemiological fact. Qualitatively similar variations 
of age incidence in successive epidemics have often been 
recorded in history ; a well-known historical instance is the 
pestis puerorum of 1361 coming after the Great Death of 1349 
and destroying many of the young children spared by the 
greater plague. The customary explanation is that the survivors 
of the first in series of a set of epidemics are immune, so that if 
the first selectively attacked a particular age group, the 
successor must spare survivors of that group. This explana­
tion is not wholly satisfactory. It wil l be proved in a 
later section that the degree of immunity conferred by passage 
through an attack of influenza has never been complete and 
has varied from locality to locality in a way which may be 
significant. In particular i t wil l appear that in towns, such 
as Leicester and Manchester, each of which exhibits the change 
of age incidence, the amount of protection conferred by a first 
attack of disease has been ostensibly different. Immunisation 
of age groupings is not then a completely satisfactory explana-
tion. This finding compels us also to reconsider the hypothesis 
naturally tendered to describe the almost abrupt change of age 
incidence which characterised the first wave of influenza in 
contrast with previous experience. That change would be 
naturally supposed to mark the importation into the country of 
some new strain of organism, or of a germ not before domiciled 
here. Indeed no other evidence in support of introduction ah 
extra can be found. A study of the distribution of deaths in 
England and Wales attributed to influenza during the first 
weeks of the summer pandemic brings out the existence of cases 
in the north eastern ports but none in the western ports (the 
natural entrance of infection from the new world) or in the 
southern ports (excepting London) receiving travellers from 
Europe. The distribution in fact corresponds to that of 
population, the greatest number of deaths being returned from 
London and the North Midland manufacturing districts. Of 
course this is a merely negative result, not excluding importa­
tion—since the rapidity of inland transit even in war time is 
such that, with a mild disease of short incubation period, the 
records of deaths in early weeks may give an incorrect picture 
of the lines of spread—but it is negative and the abrupt change 
of age incidence in July remains our best evidence in favour of 
a theory of importation. That both here and in Europe this 
age incidence again changed, and that the change is not fully 
explicable as an immunising phenomenon, appreciably weakens 
the case for importation, since what has demonstrably happened 
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within a country during an epidemic period might well have 
taken place before. Recognition of this fact while not liftin g 
the veil of mystery since we are still to learn why, if the disease 
were not imported, it changed when it did change, and also why 
an identical change occurred in many different countries, 
emphasises the need of caution in framing hypotheses. 

Some further consideration of the epidemiological possi­
bilities wil l be reserved for a later section of the report. 

Returning to the general statistics of England and Wales 
i t is pertinent to inquire whether any general distinction of 
mortality between the successive waves pointing to some 
interconnection, whether due to immunity or not, is discernable, 

TABL E 6. 

Deaths per 1,000 from Influenza in 111 London and County 
Boroughs in Summer, Autumn, and Winter, 1918-19. 
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This is a subject which, can be less fallaciously appraised when 
incidence rates are available but the wider area covered by 
mortality returns merits some survey. In Table 6 are contained 
averages obtained from the data of county and metropolitan 
boroughs. The gross correlation of rates in successive 
waves is not sufficient, it is necessary to take account of 
the normal variations of public health in the various places 
and four variables have therefore been handled. (1) S tan­
dardised death rate for all causes in 1911-14 used as a criterion 
of normal mortality, (2) Influenza death rate in third quarter 
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of 1918, (3) Influenza death rate in fourth quarter of 1918, 
(4) Influenza death rate in first quarter of 1919. 

TABL E 7. 

Correlation between the Mean Standard Death Rates for 
1911-14, and the Death Rates in the Summer, Autumn, and 

Winter Epidemics of Influenza. {Deaths per 1,000.) 
29 London Boroughs and 82 County Boroughs. 

In Table 7 are entered the partial correlations of the 
variables, both for the whole collection of county and metro­
politan boroughs and for the county and metropolitan boroughs 
separately. From the point of view of geographical study the 
second method is better, since with the former the weight 
attaching to the 29 metropolitan boroughs exaggerates the 
influence of London upon the deduced averages. The coefficients 
of correlation are those determined by the ordinary method of 
multiple correlation from grouped data. Thus the first corre­
lation in the table is that between the summer death rate (crude) 
from influenza and an average pre-war standardised death rate, 
the autumnal and winter influenzal death rates being made 
constant. Having regard to the various probable errors, the 
coefficients determined from the whole 111 observations do not 
differ appreciably from those derived after exclusion of the 
metropolitan boroughs. 

The first point to notice is that the pre-war standardised 
death rate is substantially correlated with the influenzal death 
rate of the summer quarter, less closely associated with the 
influenzal death rates of the subsequent quarters. Professor 
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Raymond Pearl, of Baltimore, has found a substantial correla­
tion between the influenzal death rate of 1918 in American 
cities and the general death rates in those cities for 1916 ;* 
the actual figures, owing to differences of procedure, are not 
comparable ; but Professor Pearl's remark, that " an essential 
" factor in determining the degree of explosiveness of the 
" outbreak of epidemic influenza in a particular city were the 
" normal mortality conditions prevailing in that city," is 
compatible with our result. 

The next point is the negative correlation between the 
summer and autumn influenzal death rates, the positive 
correlation between the summer arid winter death rates from 
influenza, and the absence of any correlation between the 
autumn and winter influenzal death rates. A facile and 
possibly correct explanation is that the summer epidemic con­
ferred immunity against the autumn wave but not against the 
winter form. We shall hereafter show that there is evidence 
of personal immunity acquired by passage through a summer 
attack against attack in the autumn, and less evidence 
that the autumn or summer disease conferred protection against 
the winter epidemic wave. But this is rather too facile We 
may find nothing shocking in the idea that the summer disease 
produced some immunity, but i t is going far to postulate that 
i t actually lowered resistance to the winter influenza, and, 
before accepting this, we must consider whether there is any 
simpler arithmetical interpretation. The first suggestion is 
that our correlations only reflect differences of age incidence. 
The influenza death rates are merely crude rates, and the 
age distribution of deaths was different in the winter from that 
of summer or autumn. Hence, a population favourably con-
stituted by age for summer attack was unfavourably constituted 
for the winter disease. But this should lead to a negative 
correlation, and the correlation is positive. Another interpre­
tation is that the correlations only partly depend upon any 
phenomenon of immunity, and merely express, so far as the 
winter and summer correlation is concerned, that local circum­
stances, other than those measured by the pre-war standard 
death rate, which favoured one outburst of influenza, also 
favoured the other. If this be the explanation, we must 
suppose that, in the autumn, some other factor was involved 
of sufficient potency to swing the correlation over from positive 
to negative. That factor may well have been acquired 
immunity. We can then read our riddle as follows :—Ordinarily 
there is a decided correlation between the factors, other than 
such general hygienic conditions as are measured by a 

*  " Influenza Studies 1.—On certain general Statistical Aspects of the 
1918 Epidemic in American Cities." Raymond Pearl. (Reprint No. 548 
U.S.A. Public Health Reports, August 1919.) 



standardised death rate, which favour the explosion of epi-
demic influenza; hence there is usually a positive correla­
tion between the death rates of influenza in successive 
epidemics. But this correlation may be modified, by the 
acquirement of immunity. Between the autumn and summer 
waves there was sufficient biological kinship for a definite 
degree of immunity to be attained. Hence, in this combina­
tion, and in this alone, the correlation is negative, but, not 
being significantly positive as between autumn and winter, 
there, too, some immunity existed. Such appears to be the 
simplest interpretation of our results. But, although we have 
thought proper to analyse the statistics by this method, we do 
not attach, and the reader should not attach, great importance 
to the analytical results.*  In an ideal statistical universe, the 
method of multiple correlation provides an almost perfect 
instrument for the appraisement of the relative importance 
of various factors of a complex result. Our universe is not 
ideal. Not to speak of irregular errors in the influenzal rates 
due to faulty nomenclature and the technical difficulty men­
tioned in the footnote, the pre-war standard death rate is an 
imperfect measure of the sanitary status of a county borough 
in 1918, while the change of age incidence to which we have 
adverted seriously impairs the value of the crude influenza 
death rate as a measure of epidemicity. As an instrument of 
prediction (by the formation of a regression equation) we have 
not found the arithmetical results of sufficient value for it to 
be worth reproducing them in this place. 

COURSE OF THE EPIDEMIC IN SCOTLAND. 

The statistics of the epidemic in Scotland have been reported 
by Dr. Dunlop. Diagram 7 and Table 8 exhibit some of the 
main results. The broad features of the pandemic in North 
Britain are identical with those of England and Wales ; the 
relatively light death roll of the first waves, the heavy mortality 

*  As an additional warning, we may note that an analysis of the 
29 metropolitan boroughs leads to values of the coefficients of partial 
correlation different from those obtained either for the whole of the data 
or for the county boroughs alone. In one case—that of the correlation 
between summer and autumn influenzal death rates for standard death 
rate and winter influenzal rate constant—the difference is significant, the 
London value being positive, viz., 428 ± 138. Such a result, while, 
perhaps, evidence of some geographical peculiarity or, again, of a failure 
to allocate institutional deaths satisfactorily, necessarily raises in the mind 
of a statistician suspicion as to the meaning of any of the coefficients. 
It is well known that if we mix two records in each of which the variables 
are quite independent one of another, but their mean values are not the 
same in the two records, then the mixture wil l display an arithmetical 
correlation which has no physical significance; is, in fact, spurious. The 
operation of this principle might seriously vitiate the interpretation of any 
results deduced, 
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INFLUENZA 1918 - 1919. 

DIAGRAM . 7 
AGE DISTRIBUTION OF DEATHS IN SCOTLAND 

(PERCENTAGE OF THE TOTALS) 
FROM 

INFLUENZA 1900. AL L CAUSES 1917. 
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of the autumn, and the excessive toll upon adults in the prime 
of life, are all exhibited. Relatively, the mortality of the third 
wave exceeded that attributed to the same phase in England 
and Wales, but, in view of seasonal factors, the difference is 
of no epidemiological importance. A scrutiny of death rates 
in various types of community does not br ing out any sign of 
relation between population, density, and mortality rate which 
could usefully be discussed. 

TABL E 8. 

Scotland 1918-1919. 

Monthly Deaths from Influenza 
or in which Influenza was 

a contributing cause. 

Deaths per 1,000 from 
Influenza or in which Influenza 

was a contributing cause 
in 16 large Towns. 

These figures are from a " Report on the mortality from 
Influenza in Scotland during" the Epidemic of 1918-1919" 
issued by the Registrar-General for Scotland [Cmd. 282.] 

IRELAND. 

The general statistical facts relative to the pandemic in 
Ireland have been summarised by the Registrar-General for 
Ireland, Sir Willia m Thompson, in a presidential address to 
the Dublin Statistical Society. Table 9 records the registered 
deaths from influenza since 1864. This table produces an 
impression similar to that conveyed by the returns of England 
and Wales, and illustrates the profound difference between the 
pre- and post-1889 epochs. Tables 10 and 11 record the pro­
portional age distribution of deaths from influenza and from 
influenza and pneumonia at different epochs, and Diagram 8 
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has been prepared. It wil l be seen that, just as in England 
and Wales, the brunt of the 1918 pandemic was borne by the 
young adult population. 

TABLE 9. 

Deaths from Influenza in Ireland. 

By the courtesy of Dr. E. C. Bigger, we have been supplied 
with a precis of the reports of the medical inspectors of the 
Irish Local Government Board, and the following points 
emerge:— 

In Dublin and the south-east, the second wave was the most 
fatal: 1,814 deaths were registered in the Dublin district during 
the three months ending 31st December 1918, the maximum of 
any week being 383, in the week ending 26th October. The 
total for the quarter ending 31st March 1919 was 665 ; the 
maximum, 153, in the week ending 15th March. The immediate 
cause of death was usually septic pneumonia. 

In Belfast and the north-east a similar condition prevailed. 
Points of special interest noted in this division are : (1) The 
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frequency of meningitis as a sequela in the third wave (it is 
mentioned that in the North-Irish military district 70 per cent. 

TABLE 10. 

IRELAND—Deaths from Influenza at Age Periods. 

PROPORTION PER CENT. OF TOTAL DEATHS. 

TABLE 11. 

IRELAND.—Proportion per cent of Deaths at Age Periods from 
Influenza and Pneumonia. 

of the cerebro spinal fever cases followed attacks of influenza, 
temperature charts showing, after critical influenzal fall, a 
second elevation). (2) Instances of infection conveyed through 
public gatherings. A dance near Colcraine was attended by a 
soldier convalescent from influenza, and influenza broke out 
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among the 60 guests, several of whom died. (3) It is stated 
that a first attack conferred immunity, but no statistical 
evidence is afforded. 

In the Cork and South Ireland district, while septic 
pneumonia, as elsewhere, was the usual complication, enteritis 
was frequently observed, and led to confusion with enteric. A 
widespread outbreak of this type was studied in the Ardfert 
dispensary district of the Tralee union. The cases all presented 
many features common to enteric—high temperature, foul 
tongue, sordes, abdominal distention, diarrhoea with stools of 
the characteristic " pea soup " appearance. The fever usually 
lasted from one to three weeks, but the Widal reaction was 
invariably negative. 

In the Perry and north-western district, the disease followed 
the customary course. 

I t wil l be seen that the Irish influenza did not present, either 
in respect of prevalence or severity, any uniform variation from 
the type dominant in England and Wales; this is a matter of 
some epidemiological importance, since, from the point of view 
of material well being, the reaction of the war upon the Irish 
population was less prejudicial than in other divisions of the 
United Kingdom, and both the age and sex constitution and 
housing aggregation were not forced so far from the normal 
equilibrium. Naturally this does not exclude the war factor as 
perhaps a principal one in the development of the disease, but 
i t may be held to show that, given the needed preliminaries, 
the subsequent evolution of a pandemic wil l occur under a very 
wide range of environments. 

THE FORM OF THE EPIDEMIC WAVES. 

I t has been remarked before that the course of subsequent 
epidemics after the re-appearance of pandemic influenza in 
explosive form has varied from the type manifested in the 
first phase. The accompanying Diagram 9 illustrates this in 
the instance of the three first waves of the 1889-92 period 
(deaths), the second being somewhat flatter and remaining 
above the endemic level for a longer period. The same 
character has been manifested in the late prevalences, both in 
the Ai r Force experience and that of the British Army; the 
October "prevalence was longer drawn out than that of the summer. 
When the data are plotted as ordinates, the tops being joined by 
straight lines, as in Diagram 9, the impression is produced of 
almost perfect symmetry in the primary explosive influenzas 
of the summer and of a decided asymmetry in the autumn 
attack. This impression of symmetry in the first wave is not 
confirmed by arithmetical calculation, from which it appears 
that the primary outbreaks were not in any strict sense 
symmetrical, the decline not being really at the same rate as 
the ascent. This point is, however, hardly of more than 
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theoretical importance, the great contrast, viz., of duration, 
being unaffected and revealing itself whatever method of 
graphical representations be chosen, Table 12, Diagram 10. 

TABLE 12. 

Data utilised for the Construction of Diagram 10. 

*  Notifications from week ending June 29th 1918, to week ending February loth 
1919. 

† Notifications for 13 weeks from December 1st 1889, to March 2nd 1890 
(approximate only, deduced from Leichtenstern's chart of daily notifications). 

‡ Non-commissioned officers and men, from week ending December 27th, 1889, to 
week ending March 7th 1890. 

§ The figures in brackets are the rates per 10,000 exposed. The first wave 
extended from the week ending June 8th to that ending September 7th 1918 ; the 
second from the week ending September 14th 1918, to that ending January 11th 
1919 ; and the third from the week ending January 18th 1919, to that ending 
February loth. 

Great improvements in the art of curve fitting and the . 
graphical representation of mathematical formulas expressing 
biological laws or ways of happening due to the researches of 
such mathematicians as Charlier, Edgeworth, and Pearson, and 
of mathematical epidemiologists such as Brownlee and Sir 
Ronald Ross, have permitted the hope that by analysis of 
epidemic curves, light may be thrown upon the genesis of the 
epidemic. 

The subject has not, however, yet been sufficiently developed 
to permit the realisation of these hopes in the present con­
nection. The contrast between the explosive rise and fall of 
the primary and the long drawn-out agony of the second onset, 
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together with the latter's larger proportion of complicated cases 
and the greater ease with which pathogenic germs which are 
to be regarded as secondary invaders were isolated (vide infra) 
naturally and properly suggest that the change of form was 
due to a variation, in, or rather a complication of, the invading 
organisms. There is, again, the possibility to which Dr. Topley 
called attention in his Gulstonian lectures,*  that a slow increase 
of susceptibles after the first wave, combined with the exploita­
tion of strains of high virulence and infectivity, are responsible. 
I t is not, however, possible to adjudicate on the claims of the 
competing explanations with the help of purely statistical 
evidence. Very different biological factors might be repre­
sented by one and the same graphical form. The fact is that 
the second wave in the present, lik e that in our earlier history, 
was longer drawn-out and worked more havoc than the first. 
I t was separated from the first wave by a much shorter interval 
than came between the first and second outbursts in the 
previous pandemic, but the interval was littl e longer than 
intervened between the second and third waves of the earlier 
visitation. 

I t is probable that any explanation covering the 1918 facts 
must also be descriptive of those of 1890-92. 

Upon the whole, bearing in mind the relative ineffective­
ness of naturally acquired immunity and the great change of 
age of incidence to which we have drawn attention, the 
balance of probability inclines to the view that the materies 
morbi itself underwent an evolution similar in form to, but 
more rapid than, the lif e cycles of flux and reflux which, 
Dr. Brownlee has contended, are principal factors of varying 
epidemicity. Some light may be thrown upon this? by the 
application of harmonic analysis directed to disclose periodi­
cities of incidence. We summarise in the Appendix a contri­
bution to the subject by Dr. Brownlee. It is no criticism of 
this interesting study to remark that the nature of the data 
could hardly allow, and has not allowed, the deduction of 
sufficiently well grounded conclusions to illuminate the 
problem of form which we are discussing. At present no 
more distinct deduction from the epidemic curve seems 
permissible. 

As before, the primary wave generated after some years of 
quiescence spent itself after a few weeks, in the course of 
which it attained a great elevation. The secondary wave, 
coming shortly after the primary, passed much more slowly 
through its phases and was much more destructive of human 
life. The third wave showed a slight tendency to revert to the 
older form. So far as the mere form of the epidemic is 
concerned, the analogy with historical precedents is close. The 

*  Lancet, July 5th, 1919. 
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interval between successive phases has diminished ; the partici­
pation of age groupings has been much altered. Epidemio-
iogically these matters are significant, but they do not pertain 
to the characters discussed in this paragraph. 

Large as are the numbers upon which the previous discussion 
is based, they are necessarily contaminated by errors, and can 
only reproduce a blurred impression of the events. We shall 
gain in clarity if we review less extensive but more accurate 
statistics. These are provided by the experiences of ships at 
sea, and a valuable collection of records has been published in 
Dr. J. H. L. Cumpston's Report on Influenza and Maritime 
Quarantine in Australia.*  The unique significance of this 
collection resides in the facts that it relates to vessels which 
sailed from various infected ports at different dates, which 
contained large numbers of men and, in several instances, 
carried trained medical observers. Further, in some, particular 
measures were taken to arrest the course of the disease, the 
effects of which can, therefore, be studied. 

For the purposes of our discussion, we may divide the 
material into three groups. The first includes ships which 
sailed from English, Egyptian, African, or New Zealand ports 
during the second or autumnal wave of influenza. The second 
group includes ships which left England after January ls tr 

1919, i.e., when the second wave was spent and the third in 
progress. Finally, we have the experience of Australian coastal 
vessels which derived their infection within the confines of 
the Commonwealth (as wil l be seen in the chapter on extra 
European influenza, the Australian epidemic was of a milder 
type than prevailed in most parts of the world). In Tables 
13-15, we recapitulate the experiences of the larger vessels 
coming within the classes mentioned. From these tables, i t 
appears; (1) that the incidence and fatality rates of the first 
group notably exceed those of the second ; (2) the third group 
is characterised both by a low fatality and a short duration, 
but not by a low incidence rate (in view of the small number 
of instances and slender complements of the ships tabulated, 
this inference is, of course, subject to a considerable risk of 
error). 

Passing to the precise form of the epidemic wave, we find 
that three vessels of the first group carrying in each case about 
1,000 passengers and crew, provide accurate chronological 
records. 

*  Service Publication, No, 18, Commonwealth of Anstralia Quarantine 
Service, 1919. 
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TABLE 13. 

GROUP I.—Extra-Australian Infection, 1918. 

Mean of the Approximate Duration of Epidemic 25 .6 ±1 .44, 

TABLE 14. 

GROUP II.—Extra-Australian Infection, 1919. 

Mean of Approximate Duration of Epidemic 28 . ± 2.58. 



Chapter 2 

DIAGRAM II 

Graph of course of Epidemics on 3 Ships,plotted From Table /7. 
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TABLE 15. 

GROUP III.— Intra-Australian Infection, 

Mean of Approximate Duration of Epidemic 9.6 ± 0.88. 

Fatality Rates. 
Ooma - . . - . - • - 12-0 + 3-1 
Medic - - - - 7-0 ± 1*0 
Boonali - - - - 3'8 ± 0"6 

The daily incidences are recorded in Table 16, and Dia­
gram 11 (using a two-day unit for plotting, Table 17), shows 
the course of events. Al l three epidemics display a considerable 
degree of asymmetry; the decline from the maximum is much 
more gradual than the ascent, but" there are differences of detail 
to which we shall presently refer. Before doing so, we have 
to notice some other distinctions. The " Devon" epidemic 
was of low infectivity and fatality. That of the " Medic " was 
the most fatal, but not the most infective, of the three, only 
31 per cent of the personnel being attacked, but 42 per cent in 
the " Boonah." There is no record of what sanitary measures 
were taken on the " Devon" but Dr. Cumpston has collected 
full particulars respecting the other two vessels. 

On the " Boonah," all troops were passed through an inhala­
tion chamber (zinc sulphate method) daily after leaving South 
Africa. This method was only employed on the " Medic " when 
the epidemic was nearly over (on December 3rd). On the 
"Medic" troops were inoculated on 21st November, i.e., when 
the epidemic was at its maximum; on the "Boonah" inocula­
tions were done on December 12th after the maximum. It is 
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evident that the dates at which the inoculations were performed 
in each case were too far advanced to make it necessary to 

TABLE 16. 

Daily Case Incidence of Influenza on three Australian Ships. 

consider the prophylactic value of the inoculation. The main 
distinction between the ships is with regard to inhalations 
regularly carried out on the " Boonah" ; not until the end on 
the "Medic" 

We have now to consider the forms of the epidemic waves 
on the ships. We wil l begin with the "Medic" 

Although at first sight the distribution might be thought to 
have only a single maximum, and the whole record of 313 cases 
to be a unitary phenomenon, a littl e further study makes this idea 
less plausible. Between December 4th and 12th 1918, no new 
cases occurred and there were 10 between 12th and 20th De­
cember. Can this have been a new phase ? Plainly such a 
result might well be a mere error of sampling. But on examina­
tion of the "Boonah" and " Devon " records a similar, but more 
prominent sign of at least a two peaked distribution is found. It 
therefore, seemed to us that something might be gained by 
studying the course of the epidemic upon the " Medic " down to 
December 4th as if it were a complete history. To the data 
so limited the customary methods of curve fitting were applied. 
The appropriate curve proved to be Professor Pearson's " Type 4 " 
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curve (the type of curve which has most often been found in the 
graduation of statistics of epidemics) and the theoretical frequen­
cies calculated from the curve, together with the latter's constants 

TABL E 17. 

Case Incidence of Influenza in 2-day Grouping. 

are shown in Table 18. This graduation is not a very good one 
as indeed, might have been expected since the decline of the 
epidemic as observed is very irregular, but the result is greatly 
superior to any graduation obtained of the data as a whole 
or again to any graduation by a normal curve of error, whether 
of the whole or of a selection of the data. Attending to the 
point just made, viz., the irregularity of descent, it seems possible 
to hold that we are dealing not with two epidemics, but even 
with three, the maximum of the second being not more than two 
units of time from the first maximum. Upon this hypothesis 
we should regard the complete morbid evolution as compounded 
of three waves, or, in geometrical language, three curves with 
maxima at different points have combined to produce the result. 
On turning to the record of the " Boonah " this surmise is con­
firmed. It is at once obvious that even the very partial success 
achieved in the case of the " Medic" by regarding the first stage 
of the observed sequence as a single phenomenon and graduating 
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i t with a monomodal skew frequency curve cannot be secured ; 
in the part of the descending limb of the " curve " so deliminated 

TABL E 18. 

Comparison of "Med i c" Gases with those calculated by Curve* 

Cases in 2-day Cases as calculated 
Grouping. by Curve.* 

there is an evident arrest of the decline, and at a point when 
the observed frequencies of cases are still considerable. It is 
necessary to dissect the distribution into three parts, one curve 
having its maximum probably between the 5th and 7th of 
December, the second some four days later, the third 16 or 18 
days from the first maximum. The resolution of a skew 
frequency into three components by algebraic analysis is a 
task not yet achieved by statistical mathematicians and would 
in any case depend upon constants the probable errors of which, 
when so small a number of observations is available, must 
be large. Hence we can do no more than indicate prima facie 
appearances and suggest that in the " Boonah " as in the " Medic " 
a triple wave was experienced. The still scantier data of the 
"Devon" are in nowise inconsistent with the others, there is 
plainly heterogenity of the complete frequency and prima facie 
a resolution into components with maxima at or about 16th, 
18th, and 25th October is conceivable. In each of these 
three cases the second maximum must be near the first, 
but in the "Devon" and the "Boonah" the second com­
ponent is relatively to the first, much more important than 
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in the "Medic" But in the "Medic" the first and dom­
inating component is much more " explosive," it includes, and 
within a shorter time, a much greater proportion of the total cases. 
The whole epidemic was more fatal, but less infective than the 
" Boonah " outbreak. It may well be that these differences are 
correlated and it is conceivable that the prophylactic methods used 
on the latter vessel had something to do with the result. But 
since the ports of origin were different and the constitution of 
the personnel of the " Medic " (which carried numerous Italian 
reservists), unlike that of the other ship, it would be very 
rash to base any definite conclusions as to the value of the 
inhalations upon these differences. 

The epidemiological importance of these events depends upon 
the apparently complex form of the epidemic curve. Upon these 
ships we have had performed a remarkable experiment. We have 
had confined within narrow bounds an absolutely large number 
of individuals and have maintained this confinement for a long 
period. The state of affairs is quite unlike that of a prison, 
and has littl e resemblance to that of an educational institution. 
In a prison there is cellular isolation, only limited communal 
mixing. In a school there is the variable factor of frequent 
intercourse with the general population. On the ship we do 
really have ordinary social lif e in isolation from the great 
world, a real microcosm. The remarkable point is that within 
this mircrocosm we have seen in miniature a triple wave, such 
as the whole world experienced, but running through its 
phases in weeks instead of months. But this evolution was 
not parallel with the world evolution, since the voyage started 
after the first act of the world drama. Whatever organism 
was " carried," i t must have belonged to the autumn variety, 
not to the summer vintage. Hence, if this threefold wave 
phenomenon is not a mere illusion, it would seem to be a 
function of the organism as modified by passage, a modifi­
cation determined by the environmental conditions. Which of 
the three phases shall be the most serious to humanity cannot 
be determined by the environment alone, otherwise we should 
find in all the same compound form, since the general 
environmental conditions were alike in a l l ; but the milieu 
wil l determine the time relations of the successive events.* 
These results therefore strengthen the conclusion which we 
have drawn from other data, that the abnormal time relations 
of the phases in the world pandemic of 1918-19, the shortening 
of the interval between successive waves may really be dependent 
upon the great increase of what we have called extra-domestic 
aggregation so notably exaggerated by the direct and indirect 
consequences of the world war. We hasten to add that the 

*  An instance of epidemic pneumonia attacking a village community 
some months after influenza was prevalent, is that reported by Parsons 
(Rep. M.O., L.G.B., 1890, Appendix A, 12) from Scotter (Lines.), 29 cases 
with 18 deaths occurred in a population of 1,070. 
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evidence upon which this conclusion is based is incomplete, 
and that the technical difficulty or, so far as the writers are 
concerned, impossibility of effecting a theoretically satisfactory 
resolution of the compound epidemic waves on the ships 
into monomodal components should be regarded as a serious 
limitation upon the value of the conclusions; but we consider 
that these data merit the closest scrutiny and that other 
epidemiologists wil l do well to examine them attentively. It 
is very unlikely that equally complete records of ship 
epidemics upon vessels so long at sea wil l become available. 
We turn now to the records of intra-Australian epidemics. 

In our table we have only included a small number of the 
vessels, viz., those with relatively large outbreaks. Actually 
92 vessels, carrying 7,966 souls, came under observation, and 
in no fewer than 34 there was but one case of influenza on 
board, evidence of the low dispersive power of the infection. 
But the tabulated results show that sometimes the disease was 
even more infective 'than the over-seas type, and there are a 
few instances of high mortality. Thus, the " Ooma," while 
lyin g at Melbourne with a crew of 11 Europeans and 45 Fili ­
pinos, but no passengers, experienced an epidemic in which 
the daily incidence, from February 15th, was 1, 0, 4, 10, 12, 
19, 0, 3, 0, 0, 0, 1. In all there were 50 cases, and six of the 
patients died. As these vessels were under the continuous 
supervision of the Medical Quarantine Service, a good oppor­
tunity of judging whether the course of an epidemic can be 
modified by prophylactic methods was afforded. Of three 
vessels—" Ooma," " Pacifique" and " Encounter "—all on board 
the two former were vaccinated once, and all on the " En-
counter " three times, with the Commonwealth Coryza vaccine 
before influenza broke ou t; two, however, had relatively more 
extensive outbreaks than any other ships trading between 
Commonwealth ports. Hence we can deduce no evidence of 
modification of the infectivity by prior inoculation. It is, 
however, noteworthy that in the " Encounter" and the "Fan-
tome " (a vessel of group 1), where inoculation had been 
practised, and an extensive epidemic followed, there was no 
death amongst the 170 attacked persons. We are aware that 
the gross number is much too small to use as a basis of 
generalisation, but the experience is consistent with the belief, 
supported by other evidence, that inoculation may diminish 
the risk of death, although not altering the risk of infection. 

In almost every case, inhalation by the zinc sulphate steam 
method was used daily. Hence the inference drawn from the 
" Boonah" and "Medic" cases is strengthened. With respect 
to isolation, we quote Dr. Cumpston's remarks :— 

" In every one of the vessels under consideration, a 
daily thermometer parade was held, and every person 
showing any rise of temperature was at once removed 
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for observation. In addition, any person reporting sick 
was immediately removed. This was most thoroughly 
and efficiently carried out, and it can safely be asserted 
that the sick were removed in every case immediately 
on discovery. No better test of the efficacy of imme­
diate isolation of the infectious sick could well be 
devised. That this method failed to control epidemics 
is clear from the vessels dealt with in this series. In 
spite of this method applied from the first day, " Ooma " 
showed 89 per cent, of personnel infected, "Paeifique" 
64 per cent of her personnel, " Mourilyan " 46 per cent., 
and "Dimboola" 30 per cent." 

It may be urged that these measures were responsible for 
the very large proportion of instances in which the disease 
did not affect more than one or two persons, i.e., that, on the 
average, it had an appreciable effect, although it failed 
occasionally. But when we note the greater explosiveness of 
the disease where it did occur, in comparison with the type 
witnessed in the over-seas group, it is perhaps more probable 
that the proportion of sporadic cases is attributable to a 
differentiation of the infecting germ. However this may be, 
it is established that when an epidemic is in course of 
development its wave-form cannot be modified by adminis­
trative action of the kind described. Although in point of 
absolute numbers the data we have just analysed are scanty 
in comparison with the massed figures discussed in the 
remainder of the chapter, they are, we think, of 
epidemiological importance, and strengthen the impression 
derived from the less detailed statistics, viz., that the epidemic 
wave-form in influenza is a biological phenomenon which 
cannot yet be controlled or varied by human agencies. Other 
epidemiological inferences, not, however, so securely based, 
are that, even when the primary focus of infection is 
characterised by a low virulence (as seemed to be true of 
Australian influenza), under special conditions—such as those 
of the " Ooma"—a very serious outbreak may occur, and that 
vaccination may be of importance in diminishing the rate of 
fatality. 


