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INTRODUCTION

During the pandemic of influenza in 1918, of which two waves
appeared in the spring and autumn respectively, the Committee were
EE e to arrange, so far as war conditions allowed, that the researches
into the disease undertaken by eivilian workers should be brought
into relation to work being done at the same time for the Navy,
the Army, and for the Air Foree, and for this they were greatly
indebted to the courtesy and active encouragement of the Directors
of those Medical Services. The free interchange of opinions and the
correlation of work done in so many different directions, both af
home and overseas, have greatly aided the efforts towards better
knowledge of this destruetive infection and its results.

The Committee are now further indebted to the Army Medical
Service for the transmission to them of the several reports hers
presented and for permission to publish them. It is hoped that the
results of parallel work done elsewhere may follow in due course ;
some of these are appearing alveady In various scientific journals,
and others the Committee will hope to present at an early date.

Of the present report the greater part consists in descriptive
accounts of the bacteriology and path-:}}ug;r,r of the epidemie disease
as observed among the Forces in Franee, and these records when
collated with others are likely to have increasing value as our present
imperfect knowledge of the true nature of the infective proeess
increases, and gives the clue to the proper interpretation of the
recorded external phenomena.

In the first part of the report are given the results of an inquiry
by a group of workers at Abbeville, organized by Colonel 8. L.
Cummins, C.B., C.M.G., Adviser in Pathology to the British Armies
in France, the members of which undertook, in addition to the
descriptive study of the disease, an experimental investigation of its
cansation. The Committee are specially indebted to Colonel Comming
not only for allowing them to be kept in touch with the progress of
the work, and for the introductory account of it he has written
here, but also for the editorial supervision of this report in its
various parts.

The work at Abbeville, which suggests that the primary infective
agent in influenza is a filter-passing virus, distinet from the
Bacillus influenzae, was unfortunately interrupted at too early a
stage. Major H. G. Gibson, R.AM.C., who was leader of the
investigating team, suceumbed himself to the disease when gravely
overworked not only by his labours during the epidemie, but by
unremitting and distinguished service given throughout the war,
After the Armistice, moreover, military exigencies soon led to the
stoppage of work in the Abbeville laboratories. The results of the
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INTRODUCTION.
By Covoxern 5. L. CUMMINSG, C.M.G., AM.S.

Ox the reappearance of influenza in epidemic form in Oectober
1918, the officers-in-charge of laboratories throughout the British
Expeditionary Force in France were encouraged to pay the closest
atteution to the disease and to report all findings of interest.

At the same time a * Research Team * was organized at Abbeville
in order that bacteriologists, pathologists, and eclinicians might
co-operate in the investigation of the epidemiv. The bacteriological
and pathological work was entrusted to Major H. Graeme Gibson,
R.AMLC. (seeretary to the Research Team), Major ¥. B. Bowman,
C.AM.C., Captain A. T. Nankivell, R.AM.C., and Captain J. L.
Connor, A.AM.C. Captain A. T. Nankivell was moved to another
station in December 1918, after which Captain J. I. Connor took
gole charge of the work on morbid histology. The elinical work
was entrusted to Major C. E. Sundell, R.AM.C., officer-in-charge
of the medical division of No. 2 Stationary Hospital. He was
assisted, during some’weeks, by Captain G. E. Beaumont, R.AM.C.,
who, however, had to be transferred elsewhere in the course of
military duty before the work was completed.

The research work on the réle of a filtrable virus in influenza was
rendered possible by the generous help of the Medical Research
Committee. The provision of monkevs was a matter of no small
difficulty, but these were promptly obtained and dispatehed to
France without delay through the kindness of the secretary, Sir
Walter Fletcher, K.B.E., F.R.5., who was, at all times, ready to



T

further the research by every means in his power. Major-General
Sir John Rose Bradford, K.C.M.G., C.B., F.R.8., the consultant
physician to the Abbeville Area, kindly attended some of the
meetings of the ‘ Research Team ', and his assistance and advice
were always at the disposal of the elinicians taking part in the work.

The work of the officers-in-charge of laboratories throughout the
B.E.F. was beyond praise, and many reports of high value were
received. It is regretted that considerations of space impose limits
on the number of these reports which it is possible to publish at
the present time, but they constitute a collection of records which
will be of permanent value for army reference.

The present report is divided into two parts.

Part I consists of the work contributed by the Research Team,
together with diagrams, photographs, and coloured illustrations,
the latter by BSergeant A. K. Maxwell, R.AM.C., whose services
were kindly lent for the purpose by the Medieal Researeh Committee.

Part II mneludes elimeal, pathological, hacteriological, and sero-
logical reports from No. 3 Canadian General Hospital, No. 5 General
Hospital, No. 25 Stationary Hospital, and from the Central Mortuary,
Etaples Base.

In addition to the reports included in Part IT, papers of the highest
interest were also received from Major W. James Wilson, R.A.M.C.,
of No. 54 General Hospital, Captain C. Ponder, R.A.M.C., of No. 1
Stationary Hospital, Lientenant B. A. 1. Peters, R.AM.C., of No. 14
General Hospital, Captains (. Bradbury andE. B. Krumbhaar, Medical
Corps, U.5. Army, of No. 16 (Philadelphia, U.S.A.) General Hospital,
and from Captain H. M. Perry, R.AM.C., of No. 14 Stationary
Hospital. Many valuable notes also reached me in private letters
from Lieutenant-Colonel C. J. Martin, C.M.G., F.R.S., Major J. W.
MeNee, D.5.0., Captain A. Stokes, D.5.0., Captain J. Crnickshank,
R.AM.C., Major A. W. M. Ellis, C.A.M.C., and others.

The perusal of these reports and communications, as well as
frequent visits to the laboratories in the B.E.F., has given me an
exceptional opportunity of keeping in touch with the investigations
undertaken in France, and this must be my exeuse for attempting
to summarize the impressions gained from a centralized study of
reports from a large number of independent workers.

I. IpexNTITY OF SUMMER AND Avrvmx EripeEMmics.
EripEMionocican Norgs.

In the B. M. J. of November 23, 1918, Captain M. Greenwood,
R.AM.C., sets out in a striking manner the characters of the eurves
of incidence in past influenza epidemies. In this paper it is stated
that * the fundamental characteristics of a primary epidemie of in-
fluenza are a very high attack rate and an approximately symmetrical
distribution in time ' : . . . * the graph of the epidemie is an almost
symmetrical curve ; the fatality is low, rarely more than 1 per cent.
of the cases.” ° A secondary epidemic affects a relatively small pro-
portion of the population, 1s slower in reaching its maximum, and,
thereafter, declines slowly and irregularly—more slowly than it
increases ; its distribution is asymmetrical, and there is less con-
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centration around the maximum. Further, a secondary Epiderple
is characterized by a vastly higher fatality than a primary epidemic.

Through the kindness of the D.G.M.8., British Armies in France,
and of Captain A. H. Greg, 0.B.E.,, R.AM.C., statistical officer at
the head-quarters of the D.M.S., L. of C., B.E.F., I have been
enabled to prepare charts of incidence of the summer and autumn
epidemics as they affected the British Expeditionary Force. As in
Captain M. Greenwood's curves, the abscissae are weeks, the ordinates,
expressed in terms of the number of cases recorded in the worst
week, show the incidence on the British armies in France. In the
absence of accurate figures as to the case mortality in the summer
epidemic, I have charted the total mortality per month, from all
diseases, throughout the year. This brings out clearly the very
slight effect of the summer epidemie upon the mortality from
disease, while the marked and terrible influence of the autumu
epidemic 13 well seen.

The actual number of cages and, in the autumn epidemie, the
case mortality, are shown in Tables I and II. Tt should be noted
that, on the first appearance of the disease in May and June, many
ph%aicians preferred to use the non-committal description * Pyrexia
of Uncertain Origin * (P.U.0.) rather than the diagnosis * Influenza ",
Table I therefore includes the cases admitted to hospital under
both headings.

In the autumn epidemic many cases were diagnosed ' Broncho-
pneumonia ' owing to the onset of this complication during the
attack. The incidence under both headings 1s seen in Table II,
but the totals have been used in ¢ompiling Chart 1.

From these tables and charts it will be at once apparent that
the summer and autumn epidemies exhibited, in every particular,
the characters cited by Captain M. Greenwood as typical of a primary
and a secondary epidemic of influenza respectively.

There can be no doubt that the two epidemies were identical in
nature. The difference observed between the cases admitted in the
sammer and those seen in the antumn were differences in degree
and depended on the enormously inereased virulence of the infeetive
agent in the secondary wave.

II. IMMUNITY FROM PREVIOUS ATTACKS,

A question of great interest is whether those attacked during the
summer outbreak retained any appreciable immunity in the antumn.
No conclusive figures eould be collected on this pont owing to the
errors necessarily introduced by the unequal proportion of replace-
ments of personnel in units and formations during the intervening
months. Bome units, engaged in the severe fighting of the late
summer and autumn, must have changed their whole personnel
during the period under review, while others, such as L. of C. units,
probably underwent but little change. The question of diagnosis
also introduces difficulty, as eommon colds and slight attacks of
simple pyrexia tend to be called influenza during epidemies of this
disease, and it is by no means certain that a patient stating that
he had had a previous attack had really suffered from the disease,
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From records at my disposal it would seem that out of 965 patients
of the autumn outhreak questioned as to a previous attack, only
2485, or about 26 per cent., stated that they had had influenza dunng
the summer ; and & considerable number of these had had the disease
so mildly that they were not sent to hospital. It is definitely stated
by Major J. W. MeNee, D.S.0., that, out of 500 patients questioned,
only 20 per cent. had suffered from influenza in the summer. The
severe eases, without exception, stated that they had had no previous
attack. Allnwing a margin for errors of diagnosis, these figures
appear to suggest that some degree of immunity had been acquired.
The following quotation froma letter received from Lieutenant-Colonel
Elser, Medieal Corps, U.5. Army, points in the same direction :

*In July about S0 per cent. of the Command at one of the Base
hosP1mIs (numbering approximately 228) suffered from ** 8-day
fever ”, while in this present epidemic very few cases developed
in this Command, and those almost invariably among individuals
who had joined this organization recently.’

It cannot be claimed that these records are final or conclusive,
but they point, with considerable weight, to the production of some
amount of immunity. This ‘is what might be expected, as it is
difficult to believe that an epidemic can owe its cessation entirely
to a diminution of virulence of the causative agent, and it is, on
the whole, more simple to explain the cessation of an outbreak in
terms of the produection of a relative immunity in the population
concerned.

II1I. FreEQUENCY oF HAEMORRHAGE.

Nothing 15 morve striking than the unanimity with which all
obzervers mention haemorrhage as a prominent feature of the
diseaze in the autumn epidemie. This point is hardly mentioned
in reports received during the summer, but records of the more
severe cases show, nevertheless, that a tendeney to haemorrhage
existed then as later. In the poat -mortem notes ineluded in the
Report by the Committee of the Director-General’s Advisory Couneil
(B. M. .J., November 9, 1918), it is stated that ‘sub-pleural and
interstitial haemorrhages were seen in 18 cases (out of 39 examined),
but only as small localized areas . Other post-mortem records of
the same period afford similar information.

In reports on the autumn outbreak, on the eontrary, constant
reference is made to haemorrhage, blood being noted in the sputum
and faeees, and epistaxis being often recorded. Notes kindly fur-
nished by Dr. L. Stewart Sandiman, Chief Medical Buperintendent,
Q.M.A.A.C., show that menstruation is very frequently precipitated
by attacks of influenza. The report by Captain T. H. G. Shore,
H.AM.C., lays much stress upon the constancy with which haemor-
rhages were noted post mortem and suggests their importance as
a factor in the inception of the pulmonary complications of the
disease. The numerous pathologists who have sent in reports are
almost unanimous in noting haemorrhages in the lungs, and mention
is made of bleeding in the suprarenals, the brain, the pericardium,
the pleura, and other situations. Haemorrhage in the rectus musele
i8 frequently reported. An interesting note by Captain Murray
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Lyon, R.AM.C., records haemorrhages in the rectus musele in
20 per cent. of 100 cases examined, and Major W. J. Wilson, R.AM.C.,
describes the presence of Zenker's degeneration in the fibres of the
rectus musecle in 32 ont of 92 cases investigated. In 11 of these
cases there was haemorrhage amongst the degenerated muscle fibres,

The haemorrhages are obviously much more common in situations,
such as the lungs and rectus muscle, that are subject to strain during
violent respiratory effort, as in conghing. Coughing is often continu-
ous and trying in influenza cases, owing, perhaps, to the trachertis
so commonly found or to the irritation of enlarged and congested
lymphatic glands in the neighbourhood of the trachea and bronchi.

hat the strain resulting from this coughing is severe is proved by
the fact that emphysema is often found post mortem in the anterior
mediastinum, and that, as in gas poisoning, air sometimes finds
its way up into the tissues of the neck. It is not to be wondered
at that, where toxic degeneration of muscle fibres or other tissues
is so frequent, vessels often rupture under the strain of respiratory
effort, or indeed without this strain where the degeneration is intense.

Stress i3 laid on this tendeney to haemorrhage because it links
up the lesions following animal inoeulations with * filtrates * or with
* Noguchi ' eultures with those found in human cases.

A reference to the post-mortem findings in the monkeys and
other animals investigated by Major H. G. Gibson, Major ¥, B. Bow-
man, and Captain J. % Connor, shows that the produetion of haemor-
rhagic oedema is a constant occurrence. In these animals, killed at
selected dates after inoculation, the lung haemorrhages form the
essential pathological lesion. A striking link between the findings
in infected animals and human cases is afforded by a post-mortem
record of an early case in the paper by Patterson, Little, and Willisms :
‘In one case, whose bronchitic signs dated from only two days
before death, only one smzll area of bright red consohdation near
the hilus of the left lower lohe was found, in addition to a tremendous
haemorrhagic engorgement of the whole of the lungs.’

The period of the case at which these haemorrhages oceur seems
to coineide with the moment of maximum ictus of the infection.
It may be assumed that the causative organizm cannot always or
at once establish itself in complete ascendaney in the tissues of the
infected person. The severity of the case will depend on whether,
to what extent, and how rapidly, the virus gains the upper hand.

The tendency to haemorrhage may be taken as a rough measure
of the virulence of the epidemie. Where the cases are mild, as in
the summer of 1918, haemorrhages are very rare ; where severe, as
in the autumn, they form the outstanding feature of the disease.
It 1s probable that many lung haemorrhages of slight degree may be
absorbed without untoward results. In monkeyvs, in the absence of
secondary bacterial infections, fairly extensive lung haemorrhages
can exist without apparent inconvenience to the animal. We know,
from the study of cases of gas poisoning, how rapidly the lung can
free itself from effused fluids provided that no undue strain on the
respiratory mechanism leads to the ineeption of the vicious eircle
of excessive oxygen-want and consequent excessive respiratory effort,
It may be assumed that many cases of influenza, clinically mild, vet
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suffer from pulmonary lesions that only require a secondary
bacterial infection to convert them into grave broncho-pneumonia.
It appears worth while to lay great stress on this point. Even the
mildest case of influenza may become grave if too early exertion or
any other cause is permitted to disturb the physiological balance
and thus render possible the invasion of the injured tissues by the
bacteria of the respiratory tract.

IV. Moreip AxatomMy anNp HistoLocy.

These subjects are so thoroughly dealt with in the appended
reports that,very little remains to be said. An interesting suggestion
by Captain A. T. Nankivell may perhaps afford an explanation of
the formation of the haemorrhagic areas seen in the lungs in
cases dying early in the disease and in experimental animals.
Captain Nankivell thinks that these appearances may be explained
“by the occurrence of haemorrhage in some relatively distant
bronchus or bronchiole, the blood flowing down, or being inspired,
into healthy lung tissue, filing the majonty of the alveoh there,
“but, owing to clotting or some mechanical factor, not penetrating
into every alveolus ’,

Such a haemorrhagic area of lung tissue would be liable to invasion
by bacteria through the injured bronchial walls. In this connexion
it is interesting to recall that practically all the secondary bacterial
contaminations of influenzal lungs are organisms that grow best
on media containing blood in some form.

The conclugion of Tytler, Janes, and Dobbin is that ‘the inter-
stitial broncho-pnenmonia is, both from gross and microscopical
examination, evidently an extension of infection through the
bronehial wall to the surrounding lung tissue; not an infection
of the alveoli by way of the natural passages '.

These two guotations appear to present a reasonable explanation
of the early and the late phases of the lung complications in mnfluenza.

Once started, the secondary bacterial infections may proceed
thronghout the injured and water-logged fissues with such unre-
strained violence that the whole lung iz found literally permeated
by bacteria so that every alveolus is packed with them. Sections
of lung from the more severe cases, appropriately stained, give
a terribly clear idea of the helplessness of injured human tissues in
the face of bacterial invasion.

Attention is directed to the valuable observations of Captain
T. H. G. Shore, R.AM.C., on the condition of the heart in post-
mortem examinations of influenzal patients. His conclusion, that
“it would be curious if such hearts could sustain a normal intra-
ventricular pressure’, forms an interesting commentary on the
elinical picture in these cases.

V. BacrteRIOLOGY.

A. A Filter-passer as the Primary Causative Agent.

The question of supreme importance is whether, in view of recent
observations, the causative agent of influenza is or is not a filter-
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passing organism. Investigations by C. Nicolle and Lebailly and
others have pointed strongly to the conclusion that the disease may
be reproduced by inoculation of filtered bronchial seeretions from
human ecases. Major H. G. Gibson, Major F. B. Bowman, and
Captain J. 1. Connor, working at Abbeville, have obtained results
confirming and amplifying those of C. Nicolle and Lebailly in the
infection of monkeys and other animals by these filtrates, This
investigation, published in the British Medical Journal of Decem-
ber 14, 1918, formed, it is believed, the first British eontribution
to the problem of a filtrable virus in Influenza. Further,
applying the Noguchi technique in the manner employed by
. Foster in the case of common colds, they have been able to obtain
a growth of very minute anaerobiec Gram-positive globoid bodies,
both from filtrates and from organs of infected amimals, and, on
injecting these cultures into monkeys, rabbits, and guinea-pigs, have
reproduced the haemerrhagie pulmonary lesions now coming to he
regarded as charaeteristic of the disease in animals.

The enltural work of these observers affords independent confirma-
tion to that carried out a few months earlier by Captain J, A. Wilson at

Etaples (Bradford, Bashford, and Wilson, B, M. J., February 1, 1919). .

Major Gibzon, Major Bowman, and Captain Connor were unaware of
Captain Wilson’s work which, owing to its forming part of a larger
research, was not at once made publie, and their cultures were
obtained with a modification of the Noguchi technique differing
in certain particulars from that employed at Etaples.

That two series of observations, carried out independently, should

thus confirm each other, greatly strengthens the case for the new
organism. It is necessary, however, to preserve a eritical attitude
until the question has been more thoroughly investigated. * Passage
work " has been, so far, practically limited to animals owing to the
danger of using human volunteers and to the fallacies incident to
human * passage * experiments during a pandemic. It is not always
safe to regard the results of animal experiments as applicable to
man. There are many difficulties to be overcome in working with
so-called ° filter-passing ° organizsms, or indeed with any organisims
of very minute size, and these difficulties and limitations must be
taken into aceount in considering the work now hrought forward.
. An obvious eriticism is that whereas the ineubation period of
influenza is known to be definitely in the vicinity of forty-eight
hours, the animals infected by Nicolle and Lebailly and by Gibson,
Bowman, and Cﬂnngr did not show signs of illness before the sixth
or seventh day. This objection can be parried theoretically in several
ways, but it must be admitted that controversy on the point is still
in the realm of theory and that further knowledge can only be gained
by continued experimental work.

All that can now be stated is that a very good case has been made
out for a * filter-passer * as the causative agent in influenza, and that
if the haemorrhagic lung oedema produced by inoculation of
ammals be accepted as identical with human influenza. Koch's
postulates can be said to have been fulfilled, J
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B. Other Organisms as Secondary Infective Agents.

(a) B.influenzae (Pfeiffer). Had it not been for these recent observa-
tions which have gone so far towards demonstrating the etiological
role of a filter-passing organism, the evidenee in favour of B. influenzae
would probably have been regarded as conclusive. As it is, this
baeillus must still be admitted to be the earliest and most eonstant
‘ associate ', appearing on the scene within the first hours of the
attack. To what extent it facilitates the operations of other and
more virulent germs still remains to be discovered.

Tytler, Janes, and Dobbin, in commenting on their finding of
B. influenzac in 90 per cent. of the cases examined, sum up as
follows : * Allowing for errors of technigue, unavoidable in a series
of this size . . . this means that the bacillus was constantly present.’

The presence of B. influenzae in a high proportion of cases within
the first week of the disease, and at a time when streptococel and
pneumococel were much less frequently found, is well shown in the
chart in the paper by Patterson, Lattle, and Williams. These observers
cultivated B. influenzae from sixty-two ont of sixty-three fatal cases,

Not only 18 B. influenzae present in nearly every case but it tends
to evoke immune responses early in the disease,

In confirmation of the work of Captain J. Cruickshank in the
summer outbreak, the presence of speecific agglutinins for this
- organism has been demonstrated, during the autumn epidemie,
by Captain A. Fleming, Captain H. H. Perry, Major H. G. Gibson,
Major I. B. Bowman, and by Captain P. Hartley whose report on
this subject is ineluded in Part 11; but the reaction has not yet
been shown to be either so constant or so clear-cut as to serve as
a reliable diagnostic method. Its interest lies, rather, in the evidence
which it affords of the early presence of B. Pfeiffer as an organism
actnally evoking immunizing responses in the cases examined.
It is worthy of remark that the agglutination was most complete
and most constant in blood-samples collected up to and including
the seventh day, after which the phenomenon was less frequently
demonstrated.

B. influenzae has been cultivated from the blood stream on several
occasions, though this is rare during the normal course of the digease.
That it invades the circulation fairly frequently, as a terminal
infection, 1s shown by the observations of Lieutenant B. A. 1. Peters,
R.AM.C., who recovered it from the heart’s blood in nine out of
forty-one eases examined by him post mortem.

At the same time nothing is more curious, in view of the constant
presence of B. Pfeiffer in influenza cases in France and elsewhere,
than the negative reports by workers of undoubted merit in certain
other localities. In the Medical -Supplement of the Daily Review
of the Foreign Press of September 1, 1918, negative or inconelusive
findings of the B. influenzae are recorded by Gruber, Friedmann,
Uhlenhuth, Kolle, and even Pfeiffer himself.
 The technique for the isolation of B. influenzae has been much
improved of recent months, and it becomes a question of interest
as to how frequently this organism will be found present in the
sputum of chest cases other than influenza during times when this
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disease is not epidemic. Figures kindly given me by Colonel J. F.
Siler, Medical Corps, U.8. Army, Director of Laboratories, American
Expeditionary Force, show that out of 2,179 healthy persons serving
in medical units, 595, or nearly 27 per cent., were found to be healthy
* carriers ' of B. influenzae at a time when the disease was prevalent ;
a percentage not very much below that found in early cases of
influenza examined by throat-swabbing before sputum is available.
It is possible that B. influenzae may be much more common than
wag supposed in the normal respiratory tract. _ ‘

(b) Other Organisms. The papers included in this report give
a clear picture of the general prevalence of other organisms as
secondary infective agents in influenza in France. BStreptococei,
pneumococci, staphylocoeei, and meningococei are the more important
organisms found. These, with the exception of the pneumococei,
seldom give rise to septicaemic infections except in fatal cases
shortly before death; but the conditions prevailing in influenzal
langs greatly favour their activity, and the principal danger to
influenzal cases appears to be the tendency to secondary infections
of the damaged pulmonary tissues,

It would seem that the secondary bacteriological findings conform
to the varying flora of the human respiratory tract in different
localities, the contradictory nature of some of the reports depending
upon this factor; thus haemolytic streptococei may be found as
the commonest organisms in one place while they are replaced almost
entirely by Streplococeus viridans in another. Much confusion has
undoubtedly arisen in differentiating pneumocoeei from some of the
capsulated and lanceolate streptococei, but there seems no doubt
that the proportion of positive findings of true pneumococei varies
greatly in different loecalities.

The paper by Captains A. V. Bock and J. L. Stoddard of the
Medical Corps, U.S. Army, recording their findings in a series of
cases of which 64 per cent. were Americans, will be read with interest
in this connexion and shounld be compared with the findings of Tytler,
Janes, and Dobbin, at No. 8 Canadian General Hospital, where lobar
pneumonia was hardly ever observed.

The tendency for the pneumococcus to gain entrance to the blood
stream is well brought out in this paper and is confirmed by the
izolation of this organism in blood cultures in twelve out of forty-four
cases by Dr. Little and Miss Williams.

Major Tytler calls attention to the very high percentage of staphy-
lococcal infections, and this is confirmed by a report by Major W. J.
Wilson on cases examined in the same area. Similar findings are
reported from Malta by Captain Adam Patrick (The Lancet, January
25, 1919). On the other hand, staphylococei do not take a prominent
place amongst the organisms isolated from the cases, mostly German
prisoners of war, investigated by the Abbeville Research Team.

With all these variations in the bacteria of secondary infections,
the morbid anatomy and morbid histology remain wonderfully
constant, the differences representing stages in a progressive process
rather than true variations of type. Exeept for the fact that the
rare cases of lobar pneumonia are usually found to be associated
with trne pneumococel, the variations in morbid anatomy appear









PART I

I. THE ETIOLOGY OF INFLUENZA: A
FILTRABLE VIRUS AS THE CAUSE

WITH SOME NOTES ON THE CULTURE OF THE VIRUS
* BY THE METHOD OF NOGUCHI

BY

Major H. Graeme Gieson, R.AM.C.,
Masor F. B. Bowman, C.AM.C., .
AND
Carrarx J. 1. Coxxor, A.AM.C.

Since the results of our preliminary experiments were reported
in the British Medical Jouwrnal of December 14, 1918, in an artiele
entitled * A Filtrable Virus as the Cause of the Early Stage of the
Present Epidemic of Influenza ’, further work has been earried out
which confirms that already reported.

We have also attempted to cultivate the ° filtrable virus’ of
influenza and have made experiments in the transmission of the
disease to animals by inoculation with the eultures so obtained.

These cultural experiments were suggested by one of us (H. G. G.)
at an early stage of the work, and later, a paper by G. Foster,® to
which we had access, clearly showed that this part of the work might
prove to be a very imnportant part of the investigation.

The animals used by us for experimental purposes have been baboons,
Macacus rhesus monkeys, rabbits, guinea-pigs, and mice. By the
imoculation of sputum, both filtered and unfiltered, from cases of
influenza, we have succeeded in producing, in all these animals,
lesions that appear similar to those seen in human eases of the
disease.

For experiments with blood transmission we used M. rhesus
monkeys and mice. Although the results obtained in the only two
eases in which monkeys were inoculated with blood were not wholly
satisfactory, the experiments with mice gave a high percentage of
positive results and it seems to be possible to transmit the virus
by means of infected blood to the latter animals. It should be
noted that the miee received a very much larger dose per body weight
than the monkeys and this factor, no doubt, played a part in the
results obtained.

With culturesit was found to be possible to infect baboons, monkeys,
rabbits, guinea-pigs, and mice. Owing to the grave nature of the
influenza epidemic in progress, it was not thought advisable to
attempt any experiments in the transmission of the disease to human
volunteers, both on account of the danger involved and owing to the
fact that there would have been no guarantee, in the face of =0

E2
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widely-spread an epidemie, that the individual to be experimented
upon had not already been exposed to infection. :

Before going on to report the results obtained it seems desirable
to describe, in some detail, the techmique employed by us i our
investigations.

1. Housing oF ANIMALS.!

A.  Monkeys.

The monkeys were kept for at least a week after their arrival
before being used for any experimental purpose, in order that they
might become accustomed to their new swrroundings and that we
might be sure that they were in good health. The advisability of
this course was borne out by the fact that two of our monkeys
developed other diseases while under observation, one dying two
days after arrival from pneumonia associated with M'Gowan’s
bacillus of distemper and to which reference is made later, and
the other from tuberculosis. :

The monkeys, from the time that they arrived, were kept in
separate cages. These cages were maintained in clean condition by
washing out with eresol solution. The cages were separated from
each other by means of wooden partitions and the whole house in
which the monkeys was kept were warmed by means of a stove.

B. Rabbits, Guinea-pigs, and Mice.

Until used for experimental purposes, all the rabbits were kept
together and the same applies to the guinea-pigs and mice. After
an animal had been inoculated it was kept in a cage by itself and
rigorously segregated from the remainder.

No cage used for the purpose of housing any animal, whether
inoculated or not, was unsed for fresh animals until it had been
thoroughly disinfected.

II. PrEPARATION OF MATERIAL USED FOR INOCULATION.

A.  Sputum.

(On the sputum being brought to the laboratory in clean sputum
pots, a portion was examined by means of a direct smear and by
eulture. The cultures were made on defibrinated human blood agar
and in glucose serum broth. From various samples of the sputum
used, pneumococel, streptococei of the haemolytic and viridans
groups, M. catarrhalis, staphylococer and B. influenzae (Pfeiffer)
were isolated.

The remainder of the sputum was then taken and ten fimes its
volume of normal saline was added to it. 'This was placed in a sterile
milkk bottle with a elamp stopper, which contained sterile glass
beads, and it was then vigorously shaken by hand for five minutes.
The contents of the bottle were then centrifuged for one minute
and a half at from 1,500 to 2,000 revolutions per minute, after which
the supernatant fluid was decanted into a sterile flask.

At this stage the mixture was either used for inoculation in its
unfiltered state, in which case a culture was first taken from it,
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or wag filtered through a Chamberland L. 1 bis or Chamberland F.
filler under a negative pressure of 50 em. of mercury. The filtrate
was then tested for sterility, using the same media as mentioned
above for culturing the sputum. In no case was any growth of
non-filtrable orgamisms obtained. The filtrate obtained was used
for inoculation, except on two occasions, when a portion of the filtrate
was first heated in a water bath at 71° C. for half an hour and was
then inoculated subeutaneously into miee.

B. Blood.

In the case of blood the technique employed was slightly different,
The blood was drawn off from the median basilic vein by a syringe
with the usual aseptic precautions.

In the majority of cases the animals to be inoculated were taken
into the ward in which the patient suffering from infloenza was in
bed. Usually about 10 c.c. of blood were drawn off, a few drops
were sown into a defibrinated-blood agar plate and 3 ¢.e. inoculated
into mice which were the animals chiefly used for these experiments.

In one instance, where an attempt to infect monkeys was to be
made with unfiltered and filtered blood, 20 e.c. were drawn off by
means of a needle and sterile rubber tubing which led into a flask
containing 2 e.c. of 10 per cent. sodium citrate. Cultures were taken
from this and proved sterile. The remainder was divided into two
parts, A and B.

Of these two parts, 10 c.c. of A were placed in a sterile measuring
eylinder and 40 e.e. of sterile distilled water were added to lake the
blood. This was enltured and proved sterile for non-filtrable organ-
isms. The laked blood was then filtered through a Chamberland L. 1 bis
filter and the filtrate similarly tested and proved free from non-
filtrable germs. This was again divided into two parts, one of which
was left unheated and the other heated to 55° C. for half an hour
in a water bath.

In the meanwhile, the part B mentioned above and which consisted
of 10 c.c. had been left standing at room temperature during the
process of preparing part A, in order that the whole blood might
have been kept for a similar period outside the body before inoculating
it into monkeys. This period was one of about two and a half hours.

III. A GENERAL PI¢TURE oF THE CLINICAL AND PATHOLOGICAL
Resvnts OBTAINED IN ANIMALS [NOCULATED WITH THE VIRUS
IN THOSE INsTANCES IN WHICH A Positive Finpineg was
RecorRDED.

The clinical and pathological picture obtained was the same,
whether unfiltered or filtered influenzal sputum was used as the
infecting agent.

A. Chnical.

This varied somewhat with the kind of animal employed. In
monkeys a clinical picture of depression, anaemia, with a staring
coat and in one instance diarrhoea was obtained, though this was by
no means constant, and we were struck with the degree of damags
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that might be present in the lunge without any marked clinical
symptoms or signs that anything was amiss with the animal. When
symptoms were noticed, they appeared on the fifth to seventh day after
inoculation. ;

The temperature charts of the monkeys gave us very little clue
as to what one might expect to find post mortem after the animal
was killed. The temperatures of the monkeys were taken twice daily
from the time we received them. The average temperature seemed
to be about 102° F., but the range of temperature obtained with
normal monkeys was never noteworthy, temperatures of anything
between 99-6° F.-104° F. being recorded. After inoculation there
was never any marked rise in temperature, but we gained a general
impression that the temperatures were inclined to swing more after
this had taken place. The other animals, except mice, showed no
marked symptoms. =

One or two of the mice inoculated with the virus showed some
sign of respiratory distress at varying intervals up to three days
after the inoenlation, but these subsequently recovered. Some of
the mice died when a large dose was given and in only two cases was
the death of the animals witnessed. In these two cases the mice
were seen lying on their backs with obvious respiratory distress and
cluteching at the cork in their cage with their front legs. In all
other cases of death in the experimental animals, they were found
dead in their cages. In one instance two mice, previously infected
with coceidiosis, died, while another mouse which was inoculated
with the same filtrate and which had no other intercurrent affection
showed no symptoms, although when killed its lungs presented the
usnal picture. In another case five out of six mice inoculated with
large doses of blood from a case of influenza died within forty-eight
hours. As a rule, we were struck by the paucity of the symptoms
in animals inceulated with unfiltered or filtered sputum given in
those cases which presented gross pathological lesions in the lungs
after being killed. :

B. Pathological.

The pathological lesions found in all animals in which positive
results were obtained, whether they died or were killed, closely
resembled each other and also the eonditions found in man in cases
which died at an early stage in the disease. The condition found
was the same in the monkey, rabbit, guinea-pig, and mouse. For
the purpose of this communication it is proposed to give a general
deseription of the maeroscopic and microscopic lesions observed.

(a) Macroscopic appearances. Respiratory tract. The larynx of
the animal was generally normal, but in one or two instances there
was some slight injection present.

The trachea was often red and congested, though this condition was
not absolutely constant. A much more constant feature was the
presence of frothy blood-stained fluid in the lower part of the trachea
which oozed up from the bronchi. The lungs themselves in every
case showed patches of a haemorrhagic nature of varying sizes.

For the most part they were more marked on the posterior than on
the anterior surfaces of the lungs.
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These haemorrhagic areas were not only seen sub-pleurally, in
which ease they showed a tendency to spread into the lung substance
to a slight extent, but, on section, they were also seen to be scattered
through the lung substance itself, varying greatly in size, and in one
or two cases the lung substance was of a dark red to purple colour
and presented a wet appearance. In nearly all cases the lower lobes
were the ones most affected. On cutting into the lung substance
in several instances a viseid dark purple fluid dripped from the cut
surface, closely resembling that seen in human cases of influenza.
No evidence of broncho-pneumonia was seen in any animal lung
examined by us.

Bronchial glands were found to be enlarged in some instances,

The liver was not markedly affected in the majority of the cases,
though in a few there was a cerfain suggestion of yellowish
mottling,

The other organs were apparently normal to the naked eye. The
most marked changes were always found in the respiratory tract.

Pleural sacs. In the large majority of cases there was no evidence
of any pleurisy, but in the case of one monkey, which was killed
about three weeks after its inoculation with filtered sputum from
a case of influenza, there were some adhesions present, apparently
of between two and three weeks’ standing. In the case of a monkey
inoculated with unfiltered sputum there were some recent adhesions
between the lower lobe of the lung and the diaphragm and between
the lobes of the lung. In one mouse also the lungs on both sides
were bound down to the parietal pleurae.

(b) Maicroscopic appearances. Lungs. Examination of over
200 sections. (See Plates VIII, IX, X.)

Microseopic examination of the lungs of affected animals presented
a very similar pieture to certain areas seen by us in some of the
human lungs taken post mortem from men who had died at an early
gtage of the disease. Judging from the examination of mice dying
at a very early stage, the first miserocopic sign seems to be an acute
dilatation of the capillaries in the alveolar walls, and some sections
showed a certain amount of actual haemorrhage into the alveoll.
In the most marked animal lungs there was an almost universal
consolidation, the alveoli being filled with what appeared to be an
inflammatory and haemorrhagic exudate.

The bronchi and larger vessels were often seen filled with the
same exudate, and the impression was conveyed that the cireulation
in some areas had been stopped. The mucous membrane of the
bronehi was usually intact and some cells showed a mucoid accumu-
lation. Leucocytic accumulation was, as a rule, scanty, but some
of the lungs taken from animals killed at a later date showed a
certain amount of leucocytic infiltration, and in one monkey killed
three weeks after inoculation there was some destruction of the
lining membrance of the smaller bronehi.

In no instance was any approach to grey hepatization seen.
The high power in some cases showed the exudate in the alveoli to
consist of an amorphous material and in several instances the

remnants of degenerate red-blood corpuscles were seen, some of
which still maintained their original shape.
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IV. Awmmarn Ixocurnarios aNDp CunTuRAL EXPERIMENTS
wiTHE FILTRABLE VIRUS.

The work may be divided into four parts :
A.  Inoculation of animals with sputum from cases of influenza.
B. Inoculation of animals with blood from cases of influenza.
C. Passage of the virus from animal to animal.
D. Cultural experiments and inoculation of eultures into animals.

A. Imoculation of animals with Sputum from Cases of Influenza.

(a) Source of infected material. The sputum used was as a rule
collected as early as possible in the disease. As uncomplicated cases
of influenza as a rule present a pyrexial period of only a few days’
duration we considered that it wounld be during those few days that
we should have the greatest chance of recovering the virns. As
a rule a certain amount of sputum was obtainable on the second
or third day, and this, generally speaking, was frothy, of a greyish
yellow colour, tenacious, often markedly bloodstained, and did not
present the numular appearance seen in cases of bronchitis.

(b) Method of inoculation and size of dose given. Sputum. FEmul-
sions of unfiltered and filtered sputum were inoculated by the same
routes and the size of the dose was the same in each case. When
dealing with monkeys the methods of administration of unfiltered
sputum reported by Nicolle and Lebailly was followed.

This consisted in injecting 0-25 c.c. of the emulsion under the
conjunctiva of each eye and instilling 0-5 c.c. of the emulsion up
the animal’s nose. In one instance we inoculated one monkey by
the conjunctival route alone, and gave another monkey 0-5 c.c. of
the same filtrate up its nostrils alone. The former gave a positive
result while the latter proved negative.

Rabbits. These animals were given 1-2 e.c. of the filtered gputum
either intravenously or subeuntaneously. Positive results were
obtained by both methods.

Guinea-pigs and Mice were always inoculated subeutaneously
whether unfiltered or filtered sputum was used. Guinea-pigs were
usually given 1 c.c. and mice, when used, received 0-25 c.c. of the
unfiltered or filtered sputum.

In dealing with the results obtained it is convenient to separate
the various animals employed into different groups, taking the
monkeys first, we may divide them into two main groups aceording
to whether the sputum used as the infeeting agent was taken from
the patient during the first three days of the disease or at a later
date. The results are shown in the subjoined table :

Grour 1. SPUTUM COLLECTED EARLY.
Matorial vwsed for Date of dizease

Type of Monkey. inocelation, om which sputum  Result,
wis fadken.
. M. rhesus Unfiltered sputum drd day Positive
2 M. rhesus x - ard day Doubitful
*3. M. rhesus Filtered o 3rd day Positive
*3. M. rhesus % i 3rd day =
*5, M. rhesus e = 2/3 day s
"G5, M. rhesus = - ard daj.’ F
T. M. rhesus drd day Negative

* See Plates IIT and IV, TX and =



25

This gives 80-0 per cent. positive results among the M. rhesus monkeys
inoculated with filtered sputum taken from caset of influenza before
the end of the third day of the disease. Out of the two monkeys
inoculated with wunfiltered sputum taken during the same period
one positive result was obtained and in the other instance although
the macroscopic examination revealed little, the microscope showed
patehes of acute inflammation with the typical inflammatory exudate.
Thus 85-T per cent. of all monkeys inoculated with sputum filtered
or otherwise gave positive results if the doubtful case is included ;
if excluded T1-4 per cent. were positive.

Where sputum taken at a later date was inoculated the results
obtained were less satisfactory. One monkey was inoculated with
unfiltered spatum taken on the sixth day from a case of influenza.
A negative result was obtained. A monkey inoculated with the
filtered sputum from the same ease also showed no signs of disease
post mortem. A monkey inoculated with filtered sputum from a case
of influenza taken on the fifth day gave a positive result.

Grour II. SPUTUM COLLECTED LATER.
Material used for Diate of disease

Type of Monkey. inoculation, ot which sputun Reaull.
was taken,
1. M. rhesus Unifilbeped sputum Gth day Negative
*2 M. rhesus Filtered 5 Gth day o
3 M. rhesus e % 5th day Positive

* See Plate VII A,

In this instance two out of three attempts failed, or only 38-3 per
cent. were positive. These figures are very small and insufficient
to justify any final opinion as to the period in which it may be
impossible to obtain the virus from a ease of influenza, but with
the number of monkeys which we had it was thought more profitable
to concentrate our attention on sputum obtained at an earlier date.
The time up to whiech the virus can be recoversd must form the
basis for further work on this subject.

An attempt to infect a monkey with filtered sputum instilled up
its nostrils without any subconjunctival injection failed, although
subeonjunctival injection, without nasal instillation, of the same
filtrate, gave a positive result in another monkey.

Controls. Two monkeys were inoculated with filtered sputum
obtained from two cases of acute bronehitis on the third dayv of the
disease. The sputum was prepared and filtered in the same way
and the monkeys were inoculated subeonjunetivally and by nasal
instillation in each case. They were given the same dose, but were
both negative as regards symptoms and both maecroscopic and
mieroscopic examination of their lungs.

Another monkey died two days after arrival ‘'with a lobar pneu-
monia associated with M Gowan’s bacillus of Distemper. The
post-mortem findings were totally different from those seen in our
experimental animals. Microscopically there was no great engorge-
ment of eapillaries and no haemorrhagic exudate in the alveoli.

The obtaining or not of a positive result by means of the injection
of monkeys with filtrable viruses depends very much more on the
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dose given than in the case of experimental infections with non-
filirable germs. At present it 1s not poss:lbla to detprmine the dose
that is being given. It is known that while these viruses, as a rule,
reproduce the picture of the human disease, as, for instance, in the
case of polyomyelitis, the certainty of producing a positive result
is not nearly so great as when dealing with the non-filtrable bacteria
which are pathogenie for animals. In view of these facts the animal
experiments with monkeys appear to us to be quite significant as
far as they go.

Rabbits. Four rabbits were inoculated. Of these, two were
inoculated with filtered sputum taken on the third day from a case
of influenza. One of these rabbits was given 1 c.c. of the filtrate
intravenously and the other 1 c.c. of the filtrate subeutaneounsly.
Both inoculations were followed by a positive result. One lung,
taken from the rabbit that had been inoculated subecutaneously,
was ground up in a mortar with normal saline and the extract filtered.
The filtrate was inoculated into a second rabbit (see Passage Experi-
ments). The kidney of the rabbit receiving the intravenous dose
was placed in a Noguchi tube with asecites fluid (see Cultural Experi-
ments).

One rabbit was inoculated subentaneounsly with 2 c.c. of a filtrate
of bronchial pus taken, post mortem, from a man who died from
influenza on the twelfth day of the disease. The result was com-
pletely negative and tends to confirm our opinion that it is likely
that the virus is not recoverable after the first few days of the disease.

Control. A rabbit was given 2 c.c. of a filtered sputum taken on
the third day of the disease in a case of acute bronchitis. Result
negative.

Guinea-Pigs.  Four guinea-pigs were inoculated. Two of these
were inoculated with sputum taken on the night of the second day
and morning of the third day from a case of influenza. One guinea-
pig was given 1 c.c. of the diluted (1-11) but unfiltered sputum, and
the other received 1 c.c. of the same dilution of this sputum, filtered.
In each case a positive result was obtained.

A guinea-pig inoculated subeutaneously with 1 c.c. of the filtered
bronehial pus mentioned above gave a negalive result.

Control. A guinea-pig inoculated subcutaneously with 1 c.c. of
the filirate of sputum from a case of aente bronchitis also gave
a negative result.

Mice. Altogether, fourteen mice were inoculated with sputum,
unfiltered or filtered, from various sources.

These may be divided into those inoculated with :

(@) Unfiltered sputum from eases of influenza.

(b) Filtered sputum taken during the first three days of the
disease in cases of influenza.

(¢) Heated filtered sputum taken during the first three days of
the disease in cases of influenza. (Heated to 71° for half
an hour.) :

(d) Filtered sputum taken on the sixth day of the disease and
later from influenza cases.

(¢) Filtered sputum taken on the third day of the disease from
a case of acute bronchitis.
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Under Group'(a) 4 mice were inoculated :

1 gave a negative result.

ied of pneumoeoccal infection.

1 died of streptocoecal infection.
Under Group (b) 5 mice were inoculated :

4 positive results.

1 was killed 24 hours after inoculation—result negative.
Under Group (c¢) 2 mice were inoculated :

2 negative results. (Mice inoculated with the same filtrate

unheated all died.)

Under Group (d) 2 mice were inoculated :

2 negative results.
Under Group (e) Control, 1 mouse was inoculated :

1 negative result.

B. 'Inoculation of Animals with Blood from Cases of Influenza.

Expervment I. For this experiment 24 c.c. of blood were drawn
off aseptically from the median basilie vein of a man who had been
forty-eight hours ill with influenza. At the time the blood was
taken his temperature had begun to fall, and this reached normal
on the third day, after which he made an uninterrupted recovery.
The blood was run off directly from the vein into a flask containin
2 e.c. of 10 per cent. sodium eitrate. The blood was then divide
into two parts. One part was left at room temperature, and 10 e.c.
uf ti:le other was diluted with 40 c.e. of distilled water to lake the
blood.

Cultures were made in the usual way, both from the whole and
laked blood, and proved sterile in each case after a week's incubation.
The laked blood was then passed through a Chamberland L. 1 bis
filter under a negative pressure of 50 c.c. of mercury. The filtrate
also proved sterile with regard to non-filtrable organisms.

A M. rhesus monkey ggﬂ 8) was inoculated subeutaneously with
5 c.e. of the whole ]’)11]-[!(] whmh had been standing at laboratory
temperature for six hours. This monkey showed no symptoms up
to the seventh day, after which he was killed. Post mortem nothing
abnormal was seen, nor was any abnormality observed in its lungs
on microscopical examination.

A M. rhesus monkey (No. 6) was inoculated subconjunctively in
each eve with 0-25 c.e. of the filtrate and 0-5 c.c. was instilled up
its nostrils. Five days later it was ° moping * somewhat and its
temperature that afternoon rose to 108° C. The eondition remained
the same on the following day, and on the seventh day it was killed.
The post-mortem findings were as follows :

The monkey was thin and did not appear to be well nourished.

Larynz. This was somewhat injected.

Trachea. The mueous membrane was markedly red between the
tracheal rings.

Lungs. Beyond retaining their shape when placed on the table,
the lungs of this animal presented no abnormal features either
externally or on section when examined macroscopically.

Other organs. These were normal.
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Microscopic appearances. The section of the lung showed some
patehy inflammatory changes in which small groups of alveoli had
become filled with inflammatory exudate, and this was already
invaded by leucocytes. These areas showed some engorgement of
capillaries. The leucoeytic accumulation was more marked round
the smaller bronehi, and some desquamation of the mucons membrane
was present.

Bacteriology. Bacteriological examination of the organs of both
these animals gave negative results in culture. ‘

In addition to the above inoculations, one mouse received 0-25 e.c.
of the whole blood subentaneously (Mouse W. 1).

One mouse received 0:25 c.c. of the filtered blood subeutaneously
(Mouse W. 2) and one mouse received 0-25 c.c. of the filtered blood
which had been heated to 55° C. for half an hour (Mouse W. 3).
Unfortunately two of the mice employed (Mice W. 1 and W. 3) were
already infected with ecoccidiosis. The mouse receiving the unfiltered
blood died during the night following on the injection. Post mortem
the lungs appeared very haemorrhagic and small white areas were
present on both lungs. Under the microscope the lung presented
an acute haemorrhagic condition superimposed on eoceidiosis.

The mouse receiving the filtered blood (untreated) was killed on
the fourth day after the inoculation. Post mortem the lungs showed
red haemorrhage-like patches on both lungs, especially on the
posterior surfaces. No infection by coceidia was found in this animal.

Mieroscopieally, the lungs were seen to be in a condition of con-
gestion with acute inflammation with the usnal exudate (see
Plate IX B, Mouse W. 2). The mouse (Mouse 8) which received the
heated filtrate died on the third day after inoeulation. This mouse
was also infected with coccidia. The lungs post mortem were
apparently haemorrhagic and diserete white areas were present over
their surfaces. Microscopically there was seen to be present a econ-
dition of acute inflammation in addition to an infection with
coceidia. The baeterial investigation of the blood and lungs of these
mice gave constant negative results. The last experiment points to
the probability that the filtrable virns resists heating to a temperature
of 55° C. for half an hour.

Ezxperiment II. Three other mice were inoculated subeutaneously
with whole blood which was taken aseptically from the median
basilic veins of patients suffering from influenza. In one instance
the blood was removed on the first day of the disease and in the
other two on the second day. The mice in all instances were inocu-
lated with 1 c.c. of blood subentaneously. The inoculations were
carried out in the ward in which the patient was immediately the
blood was withdrawn from the vein. The mouse inoeulated with
the blood taken on the first day of the disease died eight days later.
Post mortem the lungs showed definite haemorrhage-like areas over
both lungs. Mieroscopically, the alveoli were filled with an inflam-
matory exudate, and there was also present congestion of the
capillaries. One mouse inoculated with blood taken on the second
day of the disease was killed eight days later.

Post-mortem findings. On opening the thorax the lungs were found
hound down and extremely difficult to remove. They showed deep



29

red staining in places and were not of the usual pink colour. This
condition was present on all the lobes of the lungs.

Micmsc?lf?iwﬂy marked inflammatory reaction was seen to be
present. There was some haemorrhagic exudate scattered through
the lung substance in the alveoli. The section also showed thrombosis
of the vessels and marked small cell acenmulation round some of
the bronchi.

Another mouse, inoculated with blood taken on the second day of
the disease and killed on the sixth day, showed the same haemorrhage-
like patches over the lungs post mortem. Microscopically, there was
again present acute congestion with haemorrhage into the alveoli,
acute inflammation, and some leucoeytic reaction.

Bacteriology. This examination gave negative results in each case.

As Controls to these three mice, two mice were inoculated with,
in one case, 125 ec.c. of normal human blood, and in the other,
1 ¢.c. of normal human blood. In neither instance was an abnormality
found post mortem either macroscopically or microscopically.

Ezperiment 111. This experiment was undertaken to attempt to
obtain information as to the earliest time after inoculation into mice
of blood from influenza cases that one may expect to find any
pathological lesions in the lungs of those animals. Six mice were
moeculated, each with 1 c.c. of blood taken from a case of influenza .
during the first twenty-four hours of the disease. These mice were
each given 1 e.c. of blood subeutaneously, and it was intended to
kill these animals at varyving intervals up to eight days after inocula-
tion. However, this intention was frustrated by the fact that five
out of the six mice died during the first forty-eight hours after they
received the injection. :

The results are best shown in tabular form :

Neoy of Mouse,  Troculated, Dhied, Appearance of lung Post-M,

0.1 2.12.18 Hame night Lungs showed nothing abnormal
(inoeulated intraperitoneally).

.2 = Next morning Both lungs shnwoﬂjae‘morr s
like ]ﬂh:hm

1. 3 ks Hame night "_‘Enthing abnormal seen in Iul:lgﬁ-
(inoculated intraperitoneally).

7. 4 ¥ Next morning L. lung showed haemorrhagic-like
patehes.

U.5 o Night of 3.12,18 Haemorrhagic-like patches on both
lower lotwes,

6 - Killed 3.12.18 Lungs apparently normal.

Of the six lungs examined microscopically, two showed acute
inflammatory reaction with congestion in one instance. Of the
remainder, three showed acute congestion only and one some leuco-
eytic infiltration,

C. Passage of the Virus from Animal to Animal,

Filtered sputum from an early human case of influenza was
admjnisteredp to a group of two monkevs (Nos. 11 and 7), two rabbits
(Nos. 1 and 2), and two mice (Nos. Z 1 and Z 2) on December 9,
1918. Of this group, Monkey 7 received no injection but the filtered
sputum wag merely instilled into the nose. This animal remained
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negative. Mouse Z 2 was given an injection of healed filtrate and,
as was to be expected, remained negative.

All the other animals were inoculated with the unheated filtrate
and all gave positive results.

Of these animals rabbit 2 was selected to provide material for
passage experiments.

Filtered sputum from Case,

Rabhit No. 2.
1
[ _ ]
Rabbit No. 6. Guinea Pig No. 5
+ +
R e b
Rabbit No. 8. Guinea Pig No. 8.

+

Rabbit No. 2. The history of this rabbit was as follows :

9.12.18. Subcutaneous inoculation of 1 c.c. of filtrate from sputum.
No symptoms of illness noted after inoculation.

15.12.18. Killed and examined post mortem.

Findings. The lower lobes of both lungs showed purplish dis-
coloration and haemorrhagie areas. Microscopically, irregular acute
inflammatory changes, with early leucocytie reaction, were noted in
sections of the lungs, together with an%nrgement of the capillaries.

Bacteriological examination of the lungs was negative zo far as
conecerns non-filterable organisms.

The lower lobe of the left 1 of this rabbit was now removed,
erushed, extracted with normal saline, and the extract passed through
a Chamberland F. Filter and used as the inoculum for further passage
experiments, being injected into rabbit No. 6 and guinea-pig No. 5.
Rabbit No. 6.

15.12. 18.  Subcutaneous inoculation of 2 c.c. of filtered lung extract
from rabbit No. 2.

28.12.18. Killed and examined post mortem.

Findings.

Trachea. There is found some tracheitis in the lower part of the
trachea which is filled with a frothy blood-stained fluid which oozes
up from the bronchi.

Pleura. Some fluid present in each pleural sac.

Lungs. Retain shape on being stood on the table. The anterior
surface of the right lung shows a pateh of haemorrhage at the root
of the upper lobe. The anterior surface of the left lung presents
very little abnormality. The posterior surface of both lungs is
uniformly of a dark red eolour. On section, the lung substance is
seen to be reddish-brown in patches and some frothy blood-stained
flmid drips from the cut sarface. Cultures on blood-agar and glucose
broth were found to be sterile so far as regards non-filérable germs.
Lung subgtance from this animal was emulsified and inoenlated into
rabbit No. 8 and guinea-pig No. 8,

Guineu-Pig No. 5.

15.12.18.  Subcutaneous inoculation of 2 c.c. of fillered lung extract

from rabbit No. 2.



81

28.12.18. Killed and examined post mortem.

Both lungs were found to show large dark-red patches over both
anterior and posterior surfaces.

Rabbit No. 8.

28.12. 18. Infravenous inoculation of 2 c.c. of lung extract from
rabbit No. 6.

Died about one hour after inoculation.

24.12.18. Post-mortem examination. Peritoneal cavity clear and
glistening. Bowel generally pale and yellowish.

Trachea. The upper part shows the blood-vessels between rings
outlined in deep red, and an extreme degree of congestion seems to
be present between all the cartilaginous rings. Frothy fluid wells
up in the trachea from the bronchi.

Pleura. No evidence of pleuritis on either side. No fluid present.

Lungs. Both lungs appear much the same. Generally they are
pink with an overlying erimson and deep red coloration which
looks haemorrhagic. It seems, in the gross, to be an extreme grade
of what has previously been seen in infected rabbits’ lungs.

On section, the surface drips bloody fluid and shows numerous
deep red small haemorrhagic areas on the cut surface.

Thymus. FEnlarged. Soft. Vessels deep red and engorged. Large
numbers of deep purple haemorrhages seen on surface.

Kidneys. Deep red. Drip blood on section. Capsule strips easily.

Liver. Deep red. On section, blood drips from surface and lobules
appear outlined in deep red.

Guinea-Pig No. 8.

28. 12. 18.  Subcutaneous inoculation of 2 c.c. of lung extract from
rabbit No. 6.

81.12.18. Killed and examined post mortem.

The lungs and other organs appear to be normal.

Remarks. In the above series of experiments a tendency to
increase of virulence was noted in passage through rabbits. The
lesions found in rabbit No. 2 were of only moderate severity. Those

roduced in rabbit No. 6 by inoculation of material from rabbit

0. 2 were much more severe. The inoculation of lung extract
from rabbit No. 6 into rabbit No. 8 led to the rapid death of the
latter, the symptoms and post-mortem appearances being very
striking and suggesting that the inoculum may have contained
a toxin of high virulence in addition to the living virus. It should
be noted that this animal received an intravenous inoculation, so
that any toxin introduced would have been rapidly distributed
throughout the organism. It i1s a remarkable thing, however, that
an equivalent amount of the same lung extract proved harmless for
guinea-pig No. 8, inoculated at the same time as rabbit No. 8, This
result may perhaps be explained by aaaumingIthab this guinea-pig was
unusually resistant to the virusand its toxin. Itis to benoted, too, that,
in this instance, the injection was subeutaneouns, not intravenous.

C. Cultural Experiments and Inoculation of Cultures into Animals.

In view of apparently positive results we had obtained in the
transmission of mfluenza to animals by means of filtered materials,
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blood, sputum, &e., from cases of influenza, it was decided to attempt
to obtain cultures of the virus by means of the method used by
Noguchi. We had always obtained uniformly negative results in
attempting to culture different filtrates, using the ordinary media
employed by us in investigating the bacteriology of sputum, post-
mortem material, &e., from cases of influenza, i.e. serum broth,
blood agar, heated blood agar, &c., but the Noguchi technique still
remained to be tried.

In November 1917 Foster reported (Journal of Infectious Diseases,
Vol. xxi, No. 5), that in studying the etiology of common colds he
had been able to isolate an organism by means of Noguchi’s methods,
and that he had reproduced the disease in human beings by means
of nasal instillation of his culture. His method and technique are
deseribed in great detail in his monograph, and we have followed
them as closely as possible in a laboratory in the Field. Although
the work is incomplete, we consider that the results are definite
enough to warrant publication.

(a) Preparation of Noguchi culture tubes. At first we had great
diffienlty m obtaining a supply of ascites fluid, and our earlier experi-
ments were made with human blood serum with negative results.
This is not surprising as it is recognized that blood sernm tends to
inhibit the growth of filtrable organisms, that of poliomyelitis being
an example.

Finally a case of general polyserositis oceurred and a litre of clear
amber-coloured ascites flnid was obtained and proved to be sterile.

Special tubes were obtained measuring 1 em. <20 em. These
were sterilized by hot air and filled with ascites fluid to within
6 cm. of the top. These tubes were then allowed to stand five days
at 37° to eliminate the possibility of contamination.

A rabbit was now anaesthetized with ether and the neck vessels
severed with a sharp bistoury and as much blood as possible allowed
to drain away. It was then stretched out on a board and thoroughly
drenched with strong iodine solution.

Seissors, foreeps, and scalpels had been sterilized in three separate
pu;-kets for use at different stages in removing the kidney of the
rabbit.

The skin was ineised in the mid line from the neck to the tail and
carefully stripped back from the abdomen and thorax and fastened
down to the ﬁuard. The tissues were again drenched with iodine.

A semi-lunar line eurving outward, about 2 em. wide, was
thoroughly seared from the costal margin to the groin.

Anuﬁler packet of instruments was opened and the abdomen slit
open along the seared line and the two edges of peritoneum held
back with rat-tooth forceps by an assistant. Meanwhile another
packet of instruments had been opened. The bowels were pulled
through the opening with the hand covered with sterile gauze and
the kidneys picked up with a pair of forceps and quickly removed
with scissors and transferred to a sterile petri-dish.
~ The kidney was then cut up with sterile seissors into small cubes
Just large enongh to enter the culture tube easily, the lid of the
dish being held over the instruments by an assistant while this was
being done.
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The tubes were then opened one by one and a piece of kidney
put into each with a hot platinum wire and allowed to fall to the
bottom of the tube. Sterile liquid paraffin was then poured into
each tube to within 2 cm. of the top, the tube was plugged, and
a rubber cap put on.

These tubes were allowed to stand for one week before being used.

When enltures were made the material to be cultured was drawn
up into a long teated capillary pipette and then expelled until it
had formed a drop on the tip, when the pipette was quickly plunged
through the paraffin and ascites fluid to the kidney and the material
all expelled to within 3 or 4 em. of the tip. The pipette was now
withdrawn quickly and the tube plugged again.

(b) Staining methods. When it was desired to examine miero-
scopically material from the bottom of the tube, this was obtained
with a capillary pipette and the pipette brnlien off above any oil
that might have clung toit. A few drops were then placed on a slide,
spread slightly, and allowed to dry in the open air upside down.

They were fixed for one hour in pure methyl aleohol and stained
for twenty-four hours in 5 per cent. Giemsa stain, always having the
smear downward to prevent any stain from depositing.

Foster stated that one should see in uninoculated tubes in twenty-
four to forty-eight hours only a clear zone of haemolysis above the
kidney, and possibly a very faint opalescent zone, but nothing more,
and we have confirmed this. Even the haemolytic zone may be very
faint if the animal from which the kidney was removed had been
thoroughly exsangninated.

When we first commeneced the cultural work in December 1918
we were temporarily somewhat short of animals. This fact led to
our obtaining our first eulture from the kidney of an infected animal
imstead of directly from the material from human cases. This came
about in the following way :

Wishing to prepare some Noguehi tubes, and having no normal
rabbits from which to obtain the tissues, we used the kidney from

a rabbit that had been inoculated with a filtrate of influenza sputum
und which had reproduced the characteristic signs in its lungs. The
Noguchi tubes thus prepared were placed in the ineubator to ensure
their stenlity.

‘In twenty-four hours a clear pale-red zone had developed above
the tissue, and in forty-eight hours it was noticed that a faint cloud
wag appearing. In seventy-two hours this had increased, and a week
later the cloud was about 3 em. high and a fine deposit had begun
to settle on the bottom of the tube.

The cloud showed no tendency to blend with the clear aseites
fluid above and was rather more dense immediately above the kidney.
The eulture was examined by subeulturing for the presence of any
non-filtrable contamination, and this was found to be absent.

On the thirteenth day a smear was made and stained with 5 per cent.
Giemsa stain for twenty-four hours after fixation in methyl aleohol
for one hour. In this smear the following appearances were noted :

Numerous small coceoid bodies in sizge varying from about 0-1p
to 0-2u and generally single, but often taking on a diplococeal
arrangement and sometimes oceurring in small agglomerations,

C



34

Some showed a rather delicate halo, the significance of which has
not been determined. ;

With Giemsa, they usnally stained a deep purple, but some which
were apparently degenerate were paler in colour and of a pinkish
tinge. E

[%11 this particular occasion the cocei was Gram-negative, but it
has since been shown that in young cultures Gram-positive organ-
isms may be found.

The ¢loudy material was transferred to other Noguchi tubes and
the same phenomena occurred. Smears made from the resulting
subcultures, stained with Giemsa, showed the same picture as
deseribed above.

(¢) Animal Experiments with Cultures.

Experiment 1. Original cultures were put up on December 15,
1918.

On December 28, when the eultures were thirteen days old, a mouse
was inoculated snbeutaneously with 0-25 e.c. of the original culture.
It died six days later. Its lungs showed some haemorrhagic areas.

Post mortem. Its kidneys were removed with aseptic precautions
and implanted in a Noguchi ascites fluid tube. A subculture was
obtained, but not proceeded with farther. A rabbit was also inoen-
lated intravenously with 1 c.c. of the culture. It was killed seven
days later and, althongh the lungs of the animal did not show any
typical signs of a marked infection, a culture was obtained from the
rabbit’s kidney.

In addition to these animal inoculations, subeultures of this virus
were made on December 28 and a definite cloud was obtained.
Fifteen days later, on January 12, 1919, these cultures were mixed

together and the following animals were inoculated as shown in
table :

Original Culture.
Rabbit (see text)
Mixed al!lbculmm
R. 2
153 days old.
| .
Baboon 12, Baboon 13. Mouse, Rabbit 11. Guinea Pig 16. Monkey Il.'S. i
+ - + + + +
PR s ety £ |
Rabbit 12. Rabbit 13. Filtered Unﬁ.lbalmd
+ +
Received 2 ce. 2 e Intra. Gml.nm Pig. Guinea ll;g Guinea Pig.
intravenously of venously uniil- e L -
filtered lung ex- tored lung ex- Died 15th day
tract from tract from :
BnhuEm 12. Baboon 12, Guinea Pig.
L]
Rabbit 14.
+
2 ce filtered

lung extract
from bhit 12,
+ = A pozitive result,
* = Btill under observation.
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At the same time as the animals were inoculated the subeulture
Rabbit 2 was inoeulated into another Noguchi tube. This eulture
produced the usual cloud and the smear showed the presence of the
typical coceoid bodies.

Thus the third generation by direct subenlture has been reached
and at the time ﬂfg writing it has not yet been taken farther.

Besides these experiments we have also suceceeded in growing the
organism : (1) From a filtered sputum from a case of influenza ;
this also has been carried through to the second generation. (2) From
the filtered lung extract of Baboon 12. (3) From the kidney of
another infected animal.

Conirols. On the other hand, the kidneys from normal rabbits
when cultured in Noguchi tubes have failed to produce these organ-
isms on culture, as also the kidney from a monkey inoculated with
sputum from a ease of simple acute bronchitis.

V. Coxonusions.

The number of experiments carried out by us is too small to
justify the drawing of final conclusions. These experiments were
brought to an end by the cessation of the epidemie, and the loss of
laboratory attendants consequent on demobilization. We feel, how-
ever, that we are in a position to make the following deductions
from our work :

I. The apparent immunity of some animals to filter-passing viruses
and the occasional difficulty of the transmission of these viruses by
means of blood iz well known. When this is taken into account
the number of positive results obtained by us would seem to be
significant.

IT. The pathological lesions in what may be called experimental
influenza in animals closely resemble those seen in the lungs of men.

ITI. There is some evidence in favour of the view that the passage
of the virus from one animal to another may raise its virulence.

IV. Inoculation of the filtered and unfiltered sputum taken from
cases of influenza, especially at an early stage of the disease, has
been found to produce lesions in the lungs in a high proportion of
moculated animals. The inoculation of blood may not always pro-
duce such striking results.

V. A minute coceoid micro-organism may be grown by Noguchi's
cultural methods from :

a) The kidney of infected animals ;
(b) The filtrates of lung tissue ; and
(¢) The filtered sputum from cases of influenza.

The eunltures have been earried by us to the third generation by
direct culture. The cultures when inoculated into animals produce
typical ‘ experimental influenzal’ lesions, and cultures can be
recovered again from the animals so inoculated, either by divect
culture or by filtered extracts of the organs.

VI. In view of these findings we consider that there are very
strong grounds for considering that :

(a) the organism isolated by us is capable of passing through
a filter, and

o2
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(b) that i:l is in all probability the cause of influenza as seen
to-day.

A similar organism, having the same properties, has already been
deseribed by Captain J. A. Wilson, R.AM.C., working independently
at No. 20 General Hospital.? We had completed our investigations
before his research came to our knowledge. Since the publication
of his work on this subject, we have shown him our preparations
and he considers our organism to be the same as his own, in which
opinion, after examination of his slides, we are n agreement.

We are indebted to the Medical Research Committee for providing
the material for the work, to Colonel 8. L. Cummins, C.M.G., ﬂ.M.E.,
Adviser in Pathology, British Armies in France, for valuable advu;& .
to the 0.C.s of No. 2 Stationary Hospital and No. 3 Australian
General Hospital for allowing us the use of the laboratories attached
to their hospitals, and to the 0.C., No. 2 Stationary Hospital, for
the use of his wards.

The help of Pte. Webster, A.LF., and Pte. Whally, R.AM.C,,
has been invaluable in the care of the animals, and our thanks are
also due to Pte. Urquhart, R.AM.C., our laboratory attendant, for
much hard work in the preparation of media.

NOTE BY COLONEL 5. L. CUMMINS,
Adviser in Pathology, British Armies in France.

While Major H. G. Gibson, R.AM.(C., was actually engaged in
preparing the above Summary of the work of the Influenza Research
Team, of which he was the Senior Officer, he was, himself, attacked
by the disease in its severest form. He had been working for long
hours in the laboratory at cultural and passage experiments with
the orgamsm believed to be the * Filtrable Virus * of influenza, and
the attack found him overdone and weary from his self-forgetting
efforts to solve a problem of pressing military and general importance.

His death, a grievous loss to Medical Science and to the Royal
Army Medical Corps, was gtill such an end az a soldier would have
chosen. Laborions tasks cheerfully undertaken and dangers reso-
lutely faced are no less glorious in the laboratory than in the trenches.

Major Gibson had no opportunity of revising or even finishin
his Summary, which has had to be completed from his notes an
records. Any obseurities or redundancies are therefore to be attri-
buted, not to him, but to the sad circumstance that others had to
arrange his work for publication.
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2. THE BACTERIOLOGICAL FLORA OF THE
RESPIRATORY TRACT IN CASES OF INFLUENZA

BY

Magor H. G. Giesow, R.AM.C.
AND
Masor F. B. Bowsax, C.AM.C.

Avraoven careful studies have been made of the sputum and
material from the naso-pharynx in ecases of influenza in widely
separated areas, these have in many instances been contradictory.
It was decided to investigate this problem in the series of cases being
studied elinically for this report. The findings will be found briefly
under the deseriptions of the individual cases. However, it may
be of interest to make a few general remarks regarding the work done.

In many cases of influenza it was impossible to obtain a specimen
of sputum in the first few days of the disease and from these only
a swab from the throat was made.

I. MerHODS.

A, Culture Media.

For all primary eultures human blood agar plates were used. To
be of any practical value as regards the presence or absence of
haemolysis they must be made very earefully. Ordinary plain agar
with a reaction of about plus six is prepared and kept in stock.
When plates are to be made the flask of agar is melted and the
temperature reduced to 350°, when defibrinated human blood is
added in the proportion of 5 per cent. and well mixed, and plates
are then poured. Defibrinated blood is preferable to eitrated blood,
and the serum should not be removed as this aids in a clear-cut
haemolytic reaction. Care should be taken that the agar is not too
hot when the blood is added, as some alteration in the cells ocenrs
which interferes with haemolyzis. Any carbohydrate in the medinm
may mask the result by the production of aeid with a resulting
brown coloration.

For subeunltivation of B. influenzae the following medinm was used.
This was first recommended by Fitzgerald (Centralbl. f. Bakieriol, 56,
464). Flasks of agar are prepared as above and defibrinated human
blood added in the same proportion and the whole brought to a
temperature of 80°, when the medinm assumes a homogeneous
non-granular chocolate colour. On this medium the organism grows
profusely.

Levinthal's medium is also of value, and has the advantage of
being elear ; but often a batch, although made very carefully, will fail
to grow the organizm, and for this reason we gave up its use entirely.
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IMildes states that this diffieulty may be obviated by the use of glass
wool in filtering (Lancet, November 23, 1918).

For stock cultures of B. influenzae (Pfeiffer) a little defibrinated
blood is added to a meat broth tube and heated to 80° C. Transplants
are not necessary more often than once a month using this method.
(This was recommended by Captain Perry, R.AM.C., and Captain
Fleming.) ,

In an attempt to obtain a elear medium for the growth of B.
influenzae and streptococei the following method was used, and
although it failed in so far as a profuse growth of B. influenzae was
concerned, a rather interesting phenomenon oceurred.

A 1 per cent. solution of saponin was made in distilled water and
defibrinated blood was added to this until no more dissolved, when
a very concentrated solution of haemoglobin resulted which was
almost black in colour. This was added in different amounts to
agar, but the results were not encouraging so far as haemolytic
reaction of streptococci were concerned, although B. wnfluenzae
grew quite well. In attempting to find a clear fluid medium which
would differentiate between so-called green or brown haemolysis
and clear haemolysis, a little of this ‘ saponized * blood was added
to plain broth tubes until they assumed a pale cherry red colour.
Cultures of streptococer were seeded into thiz medinm and it was
found that those belonging to the viridans group could be separated
from the haemolytic group quite easily. Streplococeus viridans
produced a definite dirty green eolour in marked contrast to the
haemolytic group, where little change in colour was noted but
a profuse growth oceurred.

We also found that this coneentrated haemoglobin solution when
added to agar and heated to 80° C. produced a useful medium for
the growth of B. influenzae.

For the preparation of carbohydrate media for the classification
of streptococei see below under blood eultures.

II. MATERIAL EXAMINED.

A. Sputum.

This was obtained from the patient in a elean vessel. If possible
it was collected for twenty-four hours.

We have found that samples from true cases of influenza have
& characteristic appearance and from this alone we almost could
foretell the presence or absence of B. influenzae. It usually appeared
rather homogeneous and creamy and not in large greenish white
lomps and flakes. In colour it was pale grevish yellow with some-
times a faint rusty tinge. It was extremely tenacious and elastie,
and when picked up with a wire stretehed out into long threads.

A small globule of sputum about the size of a pea was transferred
to a petri dish and washed thoroughly in several changes of distilled
water, any superfluous water being absorbed by strips of blotting
paper. The sputum was then torn into small fragments with forceps,
and one of these was transferred to a blood agar plate and carefully
streaked with a platinum wire. Another small portion was smeared
on slides for staining hy Gram's method, and for capsules.
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B. Naso-Pharyngeal Swabs.

In making cultures from throats sterile West swabs were used.
These were smeared carefully on one side of a blood agar plate and
streaks were made from side to side with a platinum wire.

C. Post-Mortem Material.

Bronchial fluid. The trachea and lungs having been removed
entire, the trachea was carefully opened and the lungs lifted up and
any material flowing past the bifurcation caught in a test-tube and
taken to the laboratory. Here smears and cultures on blood agar
were made as was done with the sputum.

Tracheal scrapings. The trachea was wiped dry with ganze and the
inflamed mucous membrane seraped with a knife and the material
transferred to a test-tube. It was then examined fresh and cultures
made.

Lung cultures. A portion of lung was taken to the laboratory and
seared and enltures made with a loop on to blood agar.

Pericardial fluid and heart’s blood. Were removed with sterile
pipettes after searing and taken to the laboratory for culture into
serum broth and on to blood agar plates.

Any other material was treated in the same way.

III. REsvrnts OF BACTERIOLOGICAL EXAMINATION.

It 15 interesting to note that early in this epidemic we had some
difficulty in the preparation of our carhﬂhgdrata media, and until
this was adjusted organisms were deseribed as pneumococei or
streptococei simply on morphological grounds and the reaction on
blood agar. The result was that some cases were reported as having
pneumococel in the sputum when, as shown by our later work, the
organism was probably a streptococeus. The cultures and smears
taken from post-mortem material were noted in the same way.

The marked pleomorphism shown by certain organisms even in
fresh smears made observations very misleading. In certain
specimens of sputum examined, typical pneumocoeci (capsulated),

plostreptococel (with capsules), and smaller streptococel were
found. On culture only one tyvpe of colony appeared. This was
a rather dry crater-like flat colony sometimes with irregular edges,
showing no haemolysis and with a certain amount of greenish-brown
coloration around it. Smears in twenty-four hours showed it to
be a lanceolate diplostreptocoecus, and the same eolonies examined in
four days showed extremely marked pleomorphism, cocei large and
small, t‘.ﬁlhl}ﬂd forms, flattened and round streptococei were observed
and in fact almost every form imaginable. Thus it can be easily
seen that from morphology alone it would be utterly impossible to
classify organisms as pneumococel or streptoeoect as seen in stained
specimens of sputum. The same statement would apply to material
removed from other sources where the same organisms were found.

Material obtained from twenty-four post-mortem examinations
was examined bacteriologically by methods cited elsewhere,
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Bronchial Fluid : 25 Cultures,

B. influenzae (Pleiffer) . - . ’ . 17 times or 689,
Streplococcus viridans . : . ; : 2 |, 889
Hmmal!rf.if-, streplococcus (not associated with
B, influenzae) . : - i : : Ao i 1695
Lung ¢ 19 Cultures.
B. influenzae (Pleiffer) . : ; ' : B gggfy
8. viridans . : 3 ; : - . 6. .. Y
Haemolytic streptococcous - : - : 3 . 16,
Perieardial Fluid : 20 Culturcea
B. influenzae (Pleiffer) . . o . . | el
S, viridans : 5 - : : - gl 5%,
Haemolytic streptococcus ; - - : 305 i
Heart'a Blood : 6 Cultures,
8, wiridans . 3 ; : - . = 1 - 1T9%
Tracheal Serapings : 13 Cultures,
B, influenzae (Pleiffer) . : ; : - i I e 859
8. viridans . . : E Y ; i 18 L
Hacmolytie streptococeus : : i q | (R L
Trackenl Flands : 10 Cultures,
All negative with the exception of 1 where a
haemolytic streptococens was isolated, but
this was found in all other material examined
from this case : . . : - 1097,
Plenritio Flud = 5 Cultures,
B. influenzae (Pleiffer) . L J ' . 1 & 200
Haemolytic streplocoecus : ; . ; e o 2
S.'. ?,-'EFMHM & a . " - - . 2 1l m{.

From a post-nasal abscess in one case a profuse growth of B. in-
fluenzae resulted, accompanied by S. viridans.

Six subelasges of streptococel were found in our investigation of
thirty-six stains (see Table 11 for fermentative reaction of these).

For classification of thirty-six stains of streptococei showing
sources from which they were obtained see Table II1.

26 or T2 per cent. belonged to the viridans group and of these
58 per cent. gave the reactions of Streptococcus matis.

The absence of pnenmoecocel from our eultures is remarkable in
view of the work of others. DBy some workers the pnewmoecoccus
has been deseribed as the predominant organism found in the
material examined. We were led astray as stated before, early in
our work, by identifying organisms on morphology alone, but later
when ° typical * pneumocoeci were found they were tested for bile
solubility and put up against standard type agelutinating sera and
in only two instances were the original classifications eonfirmed.

From twelve specimens of sputum examined, B. influenzae (Pfeitfer)
was isolated eight times (see Table V) and always associated with
a streptococeus of the viridans group in numbers that would suggest
that they might possibly have played some part in conjunction with
B. influenzae in the causation of secondary infections.

The question of symbiosis of B. influenzae with other organisms
has been suggested by different workers. We found that 1t grew
profusely with a streptococcus of the viridans group and was still
alive after two weeks at room temperature. There seems little
doubt that symbiosis exists and may aceount for the number of
times the organism has been grown easily in association with the
peculiar streptococcus mentioned above,
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The following expeviment rather graphically illustrated this fact.
Streaks from an emulsion of Pfeiffer’s bacillus were made on a blood

agar plate about a centimetre apart, and at right angles to these
streaks were made with a culture of S. viridans. Where the lines

crossed it was found that Pfeiffer’s bacillus had grown much more
profusely than along the streaks.

IV. REEI-LTLTE_» or Broop Curnrure v Twesry
CasEs oF INFLUENZA.

Blood cultures were made from the twenty cases of influenza
studied elinically for this report.

The technigue employed was the following :

Media Employed.

(a) Human blood agar. (For preparation see under methods
previously deseribed.)

(b) Glucose serum broth was prepared with horse serum. This was
obtained by bleeding horses from the jugular vein into sterile
Winchester quart bottles and allowing the blood thus obtained to
clot. The sernm was then drawn off and an equal quantity of normal
saline was added, after which the mixture was passed through a
Doulton filter.

The glueose broth was made up according to the formula quoted
below after that given by Holman for his carbo hydrate seram broth.

Double strength tryvpsin broth prepared according to

Douglas’ methot : : - . (12 acid) 200 c.c.
Distilled water. . : . : ; . . 100 e.c.
Glueose . . : : . - 1 : - 4 gram.

Flasks of this medium were prepared, each containing 25 c.c.,
and to each of these was added 16-5 c.c. of the diluted and filtered
Serum.

The patients were bled from one of the veins at the bend of the
elbow and 2 c.c. of blood were sown into the flasks of serum broth,
also a drop of blood was smeared on the surface of blood agar.

In some eases the glucose sernm broth was ineubated both aerobi-
cally and anaerobically, but in no instance was a growth obtained
under anaerobie conditions when a negative result was obtained in
aerobie culture. 3

Table I shows the day of disease in each ecase in which blood
cultures were made and the nnmber of positive results obtained.

The cases in which only one or two observations were made were
cases which were of a milder nature and rapidly recovered.

Three cases out of twenty gave positive results with blood culture.
Two of these positive results were obtained within a short time of
death, that is in Cases Nos. 1 and 3, the first dying on the seventh day
and the second on the fifteenth day. In both these cases the pre-
liminary cultures proved sterile, and Case No. 18 was the only one in
which a positive blood culture was obtained any length of time
before the fatal termination of the illness.
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The organism recovered was in each ease a Gram-positive diplo-
streptococeus which grew on blood agar as small flat erater-like
colonies producing no haemolysis, but imparting a brownish green
tin%e to the media.

] ha:irdshowad extreme pleomorphism in cultures which were a few
ays old.

In glucose broth they produced a uniform turbidity with a granular
deposit. None were bile soluble. '

Following Holman’s formula the streptocoeci isolated all belonged
to the viridans group, that from Case No. 1 giving the reactions of
S. faecalis and those from Cases Nog. 8 and 18 of S. mitis.

In no ease was B. influenzae recovered from the blood stream.

From these thirty-two attempts at blood eulture it would appear
that streptococel rarely enter the blood stream in the early stage
of the disease, and usually their presence there may be taken as a
terminal phenomenon. .

In Case No. 18 a streptococcus was recovered on what was
apparently the second day of the illness, but the patient may have
had the disease for a few days previous to this. The organism
was not recovered at a second attempt.

V. AGGLUTINATION REACTIONS.

In view of the fact that B. influenzae (Pfeiffer) has been found
constantly in the sputum of cases of influenza and in material
removed post mortem, the question of specific agglutination arises,
and this was studied in twelve eases.

These were selected at different stages in the course of the illness
from two to twenty-five days.

The organism was grown on heated blood agar, washed off with
0-85 per cent. saline, and any extraneous matter allowed to settle.
The supernatant suspension was then decanted, well shaken, and
diluted to pale opalescence with saline.

Several methods of performing reaction were tested.

1. Using fresh suspensions of B. influenzae.

2. Using carbolized suspensions.

3. Using formalinized suspensions. .

The suspension with serum in different dilutions were placed in
the water bath at 87° C. and 55° (.

The only well-defined results were obtained with formalinized
cultures in the water bath at a temperature of 55° C.

By consulting Table VI the result may be seen briefly,

The most marked reactions were obtained between the second
and sixth day inclusive, and the strongest reaction of all was obtained
in a second-day case.

It might be noted also that in some instances the higher dilutions
eave the most marked agglutination reactions, althongh these were
not continned to the limit of agglutinability.

VI. SuMMmary.

The bacteriological investigations of cases of influenza were begun
before we had seen the work of Nieolle and Lebailly, and although
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there seems to be little doubt that none of the primary symptoms
in this disease are caused by any of the organisms deseribed in this
section, their importance as secondary invaders cannot be denied,
For this reason the work was continued after we had obtained
positive results in our animal experiments with filtered material
from cases of influenza. :

The following conclusions may be cited briefly : :

(1) B. influenzae (Pfeiffer) is usually present in the respiratory traet
of cases of influenza. It was found in 67 per cent. of specimens of
sputum and somewhere in the respiratory tract of 80 per cent. of
cases examined post mortem. Most commonly it was found present
in material seraped from the inflamed trachea and in fluid welling
up into the larger bronchi. In haemorrhagie areas in the lungs
it was seldom found. It was isolated once from pleural exudate,
and in almost pure culture from a post-nasal abscess In one
instance. Blood eultures were uniformly negative in regard to this
organism as well as cultures from the heart’s blood and pericardial
Hnid.

(2) Following Holman’s formula for the classification of strepto-
coccl, we have found eommonly present a diplostreptocoecus, showing
marked pleomorphism and belonging to the wviridans group. In
88 per cent. of examinations of post-mortem material it was found,
and equally common in the bronchial fluid, tracheal serapings,
haemorrhagic areas in the lungs, &e. Morphologieally, at times it
might have been called a pneumococeus, but agglutination with
type sera and tests for bile solubility disproved this.

(3) Haemolytic streptococci were very uncommon in our series.
Only five strains were 1solated from twenty-five post-mortems.

(4) A symbiotie relationship between B. influenzae and Strepto-
coceus viridans seems probable.

(5) Agglutination reactions as regards B. influenzac show that the
most marked reaction with patients’ serum oceurs between the
second and sixth day of the disease. Agglutination may be more
marked in the higher dilution than in the lower.

(6) Agglutinative reactions with patients’ serum and an emulsion
of Streptococcus viridans were uniformly negative.

(7) The absence of pneumococci in our series seems remarkable
in view of the work of others and the possibility of the preponderance
of eertain organisms in cevtain areas 18 worthy of consideration.

TasLe II.

Streptococet Isolated by us from Cases of Influenza
Classified according fo Holman.

4+ = fermentation or haemolysis,

Origaniisn, Laclose,  Mawnite.  Sglicin, Haemolysis.
5. milis . i - == e —
S, faecalis . + + + —_ Viridans group.
5. salivarivs . 7 + — = e
S, anginosus . + e = s
8. haemolyticws @i - + T + Haemolytic group.
&, prpogenes § + — -+ +
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pelled them to come to 1msgiml ; such cases on i;wmti ation were
found to have been either originally mild cases which had developed
complications or to be relapses. When treatment was sought early
the onset was always deseribed as sudden, with severe frontal head-
ache, sometimes vomiting, fainting, usually with severe prostration,
and often with shivering. We were impressed by the frequency
with which patients coming under treatment late developed the
disease in a severe form.

B. Temperature.

In uncomplicated cases the temperature reached its highest level
during the first forty-eight hours. It remained at this level with
remissions of 17 to 2° for twenty-four to forty-eight hours and fell
by lysis with steep peaks reaching normal about the fifth day.
Relapses two or three days later of slighter severity and shorter
duration were not nnecommon ; they recalled the infermittent pyrexia
of trench fever. The original fall of temperature in a minority of
the cases was by crisis.

C. The Pulse.

Relative slowness of the pulse was a striking and common feature.
This lack of correspondence between the pulse and temperature
eurves was seen while the fever was at its height but before serious
complications became manifest. As a signal of their imminence or
onset a sudden rise in the pulse-rate was of great significance.

. Alimentary System.

Tongue. In the majority of cases the tongue presented the
appearance usually associated with a febrile disease, with the usual
thick dry fur while the fever was maintained, and cleaning in the
usual way when defervescenee was established. Frequently, however,
a peculiar mauve tint was seen on the dorsum and under-surface
associated with a similar coloration of the fances and lips. This
appearance suggested a severe type of case: it was seen typically
in ‘ toxaemic ' cases, and its appearance during the course of the
disease was of ill omen. A return to normal colour of the tongune
was an early sign of convalescence.

Stomach. Gastric disturbance was very common. Vomiting in
the early stages has been seen frequently ; it usually ceased during
the first forty-eight hours in the absence of complications or the
excessive use of stimulating expectorants. Intractable vomiting
persisting for several days was not uncommon in severe cases and
its persistence after the first two days was regarded as o danger-
signal. Haematemesis was not seen.

Bowels. Diarrhoea, often associated with vomiting, was common
in the first forty-eight hours. During convalescence lienteric diar-
rhoea oecasionally developed. Melaena occurred in three patients ;
in one of these the quantity exceeded a pint ; in all it arose between
the seventh and tenth days in cases of great severity but which
ultimately recovered completely. Tympanites was not uncommon.

Laver. A mild degree of jaundice was seen in a few cases; it
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never lasted more than seven days. The cases were slight and
recovered quickly. Tenderness over the liver was not complained of.

Spleen. No enlargement was deteeted. Pain in the splenie region
was oceasionally complained of, but no local physical signs could
be found to explain its origin. Post-mortem examination oceasionally
revealed the presence of slight recent splenie enlargement.

E. Respivatory System.

Some degree of involvement of the respiratory tract was constant.

Sore throat at the onset was a verv common complaint ; no
abnormality beyond redness of the pharynx with occasional oedema
of the fauces was apparent at this stage.

Coryza and * cold in the head * very rarely oceurred.

Epistaris has been very common : usually only one nostril was
involved : the flow was sometimes considerable and recurred on
slight irritation : it was most common about the fifth day of illness ;
if oeenrring later in a case apparently progressing well it seemed to
be an indication of commencing relapse or the development of a more
serious phase.

Substernal pain varying from a mild soreness to acute pain was
almost invariable ; in association with this discomfort tender spots
were commonly found in the skin over the first and second intercostal
spaces.

Chest pain on breathing was not a feature of the uncomplicated
cases, but was sometimes one of the earliest signs of pulmonary
complication.

Cough. All these patients had a cough. In the early stages it
was dry, ‘ tickling ’, and rapidly becoming painful. As the disease
Eﬂrﬂgreaﬂed there was a tendeney for the cough to become paroxysmal.

the final stages of a ‘ pneumonia’ case it sometimes ceased
altogether. _

Sputum. Much could be learnt of the progress of the case from
an examination of the sputum. In the first stages it was scanty,
elear, white, viseid. Later it became abundant, frothy, liquid, and
often blood-stained. When pulmonary complications supervened its
characters altered accordingly. :

Haemoplysis was common in cases of moderate severity. It was
bright, streaky, usually scanty, but in a few eases profuse. It was
most common between the fourth and seventh days of illness. Its
oceurrence later with commencing pulmonary involvement was of
serious significance. .

Respiration-rate in uncomplicated cases was very little altered.

A;psgnﬁ; was common, sometimes persisting throughout the course
of the disease. It occasionally developed late or during econvalescence.

Physical signs in uncomplicated cases were very slight. Movement
was unimpaired, vocal fremitus unaltered. Breath sounds were weak
in eertain areas, usually over ome lower lobe, and moist inspiratory
erepitations were always to be found : low-pitched rhonchi weve
common, especially in the axillary region.

(The signs of pulmonary coraplication are discussed under that
heading.)

D



50

P. Circulatory System.

Blood-ptcture. Slight leucopaenia with a striking decrease of
eosinophile cells was the rule. :

Blood-pressure. Little change was detected : a tendeney to redue-
tion of * pulse-pressure * was noted in a few cases. No prognostic
significance could be attached to blood-pressure readings. Dierotism
was not noticeable.

Pulse frequency. A striking feature has been relative slowness of
the pulse during the course of the disease: a pulse-rate of 80-90
with a temperature of 102°-104° has not been uncommon. With
the onset of serious complications a rapid rise in the pulse-rate has
been an important and common feature.

Pulse rhythm. Arrhythmia during the height of the disease has
not been noted. In-the late stages of fatal cases intermittency has
been common. During convalescence rhythmic irregularity asso-
ciated with respiratory movements has often been found.

Heart. Iividence of myocardial distress, as shown by praecordial
pain, dilatation, and alteration of the heart-sounds, was found only
n cases presenting toxaemia or pulmonary eomplications.

Pericardial effusion was commonly found at post-mortem : it was
never sufficiently large to give rise to definite signs during life.

No case of Endocarditis oceurred in our series.

Cyanosis. A peculiar violaceous tint of lips and tongue has already
been mentioned ; spectroscopie examination of the blood from one
of these cases revealed no abnormal absorption-bands. This tintin
was most common in toxaemic cases, but was not entirely confine
to those of great severity.

Thrombosts and Embolism have not been seen.

Haemorrhage. The disease was associated with a haemorrhagic
tendeney. No part of the body was exempt. Epistaxis and haemo-
ptysis were very common ; melaena was not rare, intramuscular
haemorrhages were occasionally seen; petechial rashes occurred ;
petechiae on lungs and pericardinm were found in most of the fatal
cases ; large haemorrhagic areas in the lung were common ; blood
cells were frequently present in the urine.

(5. Renal System.

One ecase presented all the classical signs and symptoms of acute
nephritis at the onset. The renal condition cleared up in ten days
and, although the case ran a prolonged course, did not recur.

Albuminnria and the presence of a few renal cells and blood
corpuscles have been common in the febrile stage of the disease,
but renal symptoms have been absent.

H. Nervous System.

The chief nervous manifestations have been psychical. Profound
mental inertia with intense physical prostration has been an early
feature in many cases. Delirium has been very common : it has
usually been worse at night. In its most common form it has been
sudden in its onset, brief in its duration, sudden in its relief, and
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frequent in its recurrence. It has varied from mere confusion of
ideas through all grades of intensity up to maniacal excitement.
A common feature of the illusions has been their pleasant nature :
many of the severest cases have enjoyed a state of complacency or
sense of well-being which was entirely out of kaepmg with the
seriousness of their condition.

Depression has been substituted for this mental exaltation in
a few cases throughout the course of the disease and it has been
common during convalescence ; in a few instances this depression
has merged into melancholia.

Sleeplessness has been a very common and very obstinate symptom.

Sensory and Motor changes have not been observed, with the
exception of one patient in whom a transient brachial monoplegia
with aphasia developed : no explanatory signs were found in the
brain post mortem.

I. The Skin.

Colowr. Bright floshing of the cheeks was common at the com-
mencement of the disease. The violaceous or heliotrope tint of the
lips, which has already been referred to, sometimes was seen also
upon the skin of the cheeks and neck.

Sweating has been a very striking feature ; it has oceurred copiously
in eases from whom all drugs had been withheld. Profuse spontaneous
sweating seemed to be an indication that the disease was about to
be suecessfully overcome.

Rashes. Herpes of the lips has not been common : it was seen
chieflv in the presence of severe pulmonary complieations.

Urticaria was seen oceasionally ; it was widespread and the wheals
were of large size.

Sudamina were quite eommon.

Petechial rashes oceurred in three cases ; two of these were fatal,
the third made a slow but complete recovery. In one case the rash
was very profuse and covered the whole of the dorsal aspeet of the
trunk and limbs ; it spread on to the flanks but did not involve
the face or anterior surface of the trunk. This patient died on the
fifth day of illness with severe pulmonary lesions.

J. Musecles.

Pain in the large muscles has been a constant symptom in the
early stages : warmth has given relief : movement has increased it.
Pn.lﬂ and rigidity of the abdominal muscles has occasionally been
g0 great as to suggest * an acute abdomen ’. Haemorrhage into the
rectus abdominis was obvious in two out of our sixty-two post-
mortem cases.

K. Subcutaneous Emphysema.

One case has occurred in which spontaneous surgieal emphysema
spread from the neck to the groin. The case was fatal, but no per-
foration in the air passages was discovered. In three other cases
mediastinal emphysema was discovered at autopsy.

D2
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The Sputum. Serious significance was attached to the following
changes in the sputum :

(1) Great mmerease in quantity with the appearance of abundant
liguid froth.

{E} Pink staining of the frothy sputum.

(3) Appearance of abundant pellets of thick, curdy muco-pus.

Rapid increase in the respiration-rate was sometimes the first
indication of serious pulmonary involvement.

Pain on breathing—probably pleuritie in origin—oceasionally gave
the first sign.

Diminution of respiratory movement was found to be an important
early sign in many eases.

Diminution of air-enfry was found to be second in importance only
to changes in the sputum as an indication of commencing pulmonary
change. Temporary weakening of the respiratory murmur over
certain areas of the lung, espeeially at the base, was very common
at an early stage of even mild cases of influenza, but any extension
of these quiet areas was fuund to be an important sign of lung-
involvement.

* Oedema of the lung.” The maeroseopic and mieroseopic characters
of this econdition are described elsewhere. Clinically it was found to
be local or general : sometimes the upper lobes only were involved ;
more often the econdition was present in other parts of the lung as
well. The physical signs associated with it were diminished move-
ment, impaired percussion-note, decreased fremitus, weak breath-
sounds, and abundant fine and medium inspiratory and expiratory
riles. A few instances oceurred in which the dullness was so great
and the respiratory sounds so muffled that the presence of a con-
siderable effusion was erroneously suspected.

The onset of this condition was sometimes within the first twenty-
four hours ; more often it developed suddenly about the third or
fourth day. It was not associated wifth oedema elsewhere, and there
was nothing to suggest that it was cardiac or renal in origin. It
seemed probable that the condition was a direet pulmonary mani-
festation of the action of the * influenzal * agent ; 1t did not appear
comparable to the oedema of the lung associated with renal or
cardiac disease.

Consolidation of the lung was eommon ; it was always lobular in
origin, though often massive in its distribution. No case of true
eroupous lobar eonsolidation oeeurred in our series.

Pleural effusion was very common. Usunally moderate in amount,
it showed a great tendency to reecur after aspiration. Empyema
was common, though in many instances the purulent nature of the
effusion was not suggested by the character of the temperature
chart. It was found necessary to explore every case of pleural
effusion, and a surprising number of unsuspected empyemata were
thus revealed.

Nervous sequelae were occasionally observed. Depression was
COMIMON.

I:iai one case very severe double nerve-deafness persisted for several
weeks.
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Case REcorps.

Case 1. Ra.
2 Age 22. Onset Oct. 23. Admitted to hospital Oct. 25, Died Oct. 28 (6th
ayh

Oct. 25, Cyanosed. Rhonchi and riles over both lower lobes. T. 102°-
104-2°, P. 14-90. Blood culture sterile. Throat swab—A8. influenzae, 5.
viridans,
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Oct. 27. Extension of signs to right upper lobe. T. 101-2°-102-8°, P. 100-
124. R. 24-32.
Oct. 28. Moribund. Blood culture, diplococei and 8. viridans.
Post mortem.
Epiglottis, Inflamed.
Aryteno epiglottidean folds. Oedematous.
Larynx. Intensely inflamed.
Trachea, [Hlunﬁnl}'i|1lhu1||3|j.
Pleura. 3x turbid semipurulent fluid in left sac. Haemorrhages on dia-
phragmatic surface of visceral pleura and anterior surface of lungs.
Right lung. Lower lobe and part of middle lobe red, homogeneous, gela-
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tinous., Tortoise-shell appearance of surface. Upper lobe solid, granular, pus
in bronchi.

Left hl.ni Upper lobe aerated. Lower lobe pouring fluid on section.

Liver. Large, pale, greasy patches on surface and in substance.

Spleen. Normal, ¥

Suprarenals. Normal,

idneys. Normal,

Cultures post morlen.

. B influenzae and S, viridans,

Bronchial fluid. B. influenzae and 8, viridans,

Heart blood. 8. viridans.

Pericardial fluid. 8. viridans,

Special Features. A case fatal on 6ith day, presenting high, falling temperature,
relatively slow but quickening pulse, litfle respiratory distress, great involve-
1'|l.e]‘1}ls of lung.

ICrOSEOPIC ApPPearince,

Right lung. Lower lobe. Section shows intense congestion. The alveoli
are filled with fibrinous exudate, which shows a varying amount of leucoeytic
invasion. Around the smaller bronchi leucoeytic accumulation is marked.

Upper lobe. Shows great congestion. The alveoli contain a granular deposit
with very few leucocytes.

Case II. Mu.

Age 27. Onset Oct. 23. Admitted Oct. 25. Recovered.

On admission flushed, T. 104:6°, P. 100, 'R. 28. Impaired percussion note
and air-entry at both bases, Slight friction right lower axilla.

ith day of illness. Friction ceased. Air entry still impaired. Sputum clear,
viseid. T. 102°-101-4°, R. 30.

6th day of illness. Temperature normal. P. 72. R. 20.

Tth-11th day. Temperature subnormal. General condition, no distress,
Cough persisting. Sputum mucopurulent.

12th day. Relapse pyrexia to 102:4°, P. 82, No distress and no fresh lung-

ns,
mlglwth d&di Temperature fell to normal during the day and remained subnormal
till 18th day.

18th d&j.:’r Transient rise of temperature to 101°,

Subsequent course : steady convalescence.

Summary. Uncomplicated case. Relative slowness of pulse during course
and convalescence. Two pyrexial relapses. Ultimate complete recovery.

Throat swab.  4th day. B influenzae and meningococei (7). No pneumocoeei
or streptococel.

Naso.pharimgeal sunb. 4th day. B. influenzae, meningococei (7). No strep-
tococel Or pneumococei.

Case ITL.  Pe.

Age 27. Ounset Oct. 22, Admitted Oct. 25. Died 16th day.

On admission (4th day). T. 103-2°. P. 100. R. 42. Signs of bronchitis
general, but especially evident in right lower and left upper lobes. Sputum
frothy. No signs of consolidation. t swab, 8. salivarius, 8. viridans.

6th day. Signs more extensive. Sputum more abundant and very watery.

8th day. Increasing respiratory distress. Cyanosis. Temperature falling to
100°. Pulse-rate raised to 116. Hputum blood-stained, B. influenzae, a fow 8.
viridans.

10th day. Sputum purulent. Coarse crepitations general. Impaired move-
ment of right chest and bronchial breathing over right lower lobe.

10th-16th day. Steady increase in severity of pulmonary symptoms, with
extension of broncho-pnenmonic patches, falling temperature with rising
respiration-rate.

acleriology.

Post mortem. Pericardial fluid, negative. Pleuritic exudate, haemolytic
streptococei and 8. viridans,  Fluid from bronchi, B, influenzae in large numgem
and numerous 8. viridans, Tracheal fluid, a few colonies of haemolytic streptococei.

Smdum.  B. influenzae lglmfuue growth), 8. viridans, M. eatarrhalis,

aso-pharyngeal swab. 8. viridans, 8. salivarius,
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Fost morien. : ;

Pericardial effusion. 6 ounces clear fluid (sterile).

Heart. Thin walled and flabby.

Larynx. Inflamed. = ;.

Trachea. Much inflamed ; containing milky, frothy fluid.

Pleura. Gelatinous lymph on surface of right lower lobe. ;

Right lung. Surface haemorrhages. Haemorrhagic infarct (?) in up[Jer lobe.
Apj-cnmnm of grey hepatisation in greater part of lower lobe and small part of
middle lobe.

Left lung. Surface haemorrhages. Upper lobe engorged and Ippuring finid
on section. Lower lobe capillary I.m:m-:l] -pneumonia with multiple * pock-
mark * abscesses,

Summary of Case. Fatal case with lung complications present on the 4th
day. Lung condition inereasing in extent and severity. Haemorrhagic process
well marked.

Microscopic appearance, : y

Left lower lobe, Shows abscess formation with complete solution of bron-
chial wall and eavitation due to formation of pus. Great engorgement of whole
section ; remaining alveoli are filled with fibrin and leucocytes with a varying
admixture of red blood corpuscles.

Case IV. W

Age 34. Onset Oct. 22, Admitted Oct. 24, Complete recovery.

On admission. T. 103, P, 90. R. 24,

drd day. Weak breath sounds and few crepitations at left base only.

dth day. T. 100-8°-102-4°. Air entry good at both bases. Few crepitations
on ina?imti-:-n K. and L. Sputum scanty, viseid, white. v :

Naso-pharyugeal swab, B, influsnzae,  Gram-negative diplococei, probably

meningocoeei.  No growth on plain agar.

5th day. Lung signs clearing. Temperature normal. R. 20. P. 70.

7th day. No =igns in lungs. No rize of temperature.

Swmmary. An uncomplicated case, rapid fall of temperature. No relapse.

Case V. Wa,

Age 19. Onset Qct. 21. Admitted Oct. 25. Recovery.

On admission (5th day). Fauces injected. Lumbar pain. T. 103-6°. P. 104.
R. 44. Substernal pain. Inspiratory crepitations right upper lobe and upper
part of left lower lobe. Pink sputum.

6th day. Impaired air entry and percussion-note both lungs. Many crepita-
tions. No bronchial breathing.

Nasgo-pharymgeal siab. Preumococed, B. inflienzae, haemolytic streptococcus.
8th day. Definite tubular breathing at apex of right lower lobe. Impaired
note and many moist sounds at both bases. Sputum muco-purulent.

10th day. No tubular breathing. Coarse crepitations both lower lobes,
Fine crepitations both upper lobes, Sputum mueo-purulent.

12th day. Signs clearing.

15th day. Aphonia,

19th day. Voice returned, convalescence established.

Clinical Summary. Severe case in young subject with pulmonary complica-
tions. Rapid respiration and early hasmoptysis. Relatively slow pulse through
out. No cyanosis, Steady convalescence and complete recovery.

Case VI  Gr.

Age 38. Onset Oct. 26. Admitted Oct. 28. Recovery.

On admission. Much cough, scanty sputum. 3

3rd day. Moist sounds at left base, air entry poor. T.103°. P. 108. R. 26.

Naso-pharyngeal swab, B, influenzae, staphylococel, and a gram-negative

diplococcus, M. catarrhalis.

5th day. Little sputum, becoming muco-purulent. More moist sounds in
chest, Air-entry good.

7th day. Temperature normal in morning. Practically no chest signs. Cough
loose and decreasing.

Oth day. Convalescence established. -

Clinical Swmmary. A mild uncomplicated case ending in complete recovery,
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Casze VII.  Wa.

Age 32, Onset Oct. 30. Admitted Oct. 30. Recovery.

Onset sudden with shivering, faintness, pains all over. Slight dry cough.
Mo chest signs.

Naso-pharymgeal swab. B, influenzae, Vincent's organisms, 8. viridans,

drd day. Still no gputum. Severe pains in muscles of thigh, and legs.

5th day. Relapse pyrexia. No chest signs,

Summary, A mild uncomplicated case seen from time of onset. Early relapse.
Complete recovery.
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Case VIIL. Kl
Age 21, Onset Oct. 31. Admitted Nov. 1. Recovery.
Onladmission. T. 104°. P. 72. R. 24.
2nd day. Scanty sputum. Coarse crepitations both bases, especially left.
Nuaso-pharyngeal siab. Haemolytic streptococcus. B, influenzae.
Sputum. M. catarrhalis and 8. viridans,
4th day. Definite bronchial breathing left upper lobe. Many moist sounds
left lower and right lower lobe. T. 104-2°, P. 72, R. 24.
6th day. Temperature falling. No bronchial breathing.
8th day, Temperature normal. Lung =igns clearing.
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Clinical Summary. A case of moderate severity with definite lung complica-
tions. Pulse and respiration slow throughout. Rapid improvement of lung
condition. Steady convalescence.

Case IX. Ri
Age 20. Onset Oct. 20. Admitted Oct. 31. Recovery.

Onset, sudden with shivering, headache, cough, and limb-pains.

drd day. T. 105°. P. 80. R. 20. Coarse crepitations left base. Hputum
viscid, white, '
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Throat swab. B, influenzae. M. catarrhalis, a few pneumococci (7).
Sputwm, B. influenzae, a very few Diplococei.
5th day. T.105°. P. 88. R.24. Crepitations in both lungs. No tubular
breathing. Sputum more liguid.
Tth day. Delirious (mild). Sputum purulent (no blood-staining). Tempera-
ture falling. Pulse rising,
8th day. Mentally clear. P. 80. R. 24. Temperature falling,
10th day. Temperature subnormal. Few moist sounds only in lungs.
Clinical Summary. Severe case with mild pulmonary involvement. Remark-
able absence of pulse or respiration disturbance. Complete recovery.
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Case X. Be.

Age 23. Onset Oct. 30. Admitted Nov. 2. Died 16th day.

Onset with rigor, cough, and general pains.

5th day. Cyanosed, delirions. Consolidation right upper lobe. " Crepitations
and r air-entry over left lower lobe. T. 104-2°. P. 120. R. 32.

7th day. No change.
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9th day. Consolidation left lower lobe. No change in right lung.
11th day. More distressed. Temperature falling. Respiration rising.
13th day. More distressed. Cough ceased.
16th day. Died.
Posl morlem.

Pharynx. Retronasal abscess,

Trachea. Mild inflammation.

Tracheal glands. Enlarged.

2
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Pericardium. 10 oz. of clear effusion.

Heart. Normal.

Pleura, Surface haemorrhages, fibrin on lung surfaces.

Right lung. Upper lobe, j;m:.r, streaming fluid on section, breaking down in
pI:.rts, pus in bronchioles. Middle lobe clear. Lower lobe some surface haemor-
rha

Left lung. Upper lobe, greyish pink, mottled, granular, moist. Lower
lobe, patchy consolidation.

Liver. Moderately fatty, much engorged.

Spleen. Normal.

dneys. Pale, swelling of cortex.
Suprarenals. Healthy.
i{].'-'!inimi Swmmary. A fatal case in a young subject, early severe involvement
of lung.
Microscopic A Frince,

Left lower lobe. Section shows almost universal consolidation with intense
engorgement and destroction of bronchial mucons membrane in smaller bronchi.
Leucocytic infiltration of fibrinous exudate is present through the whole section,
No abscess formation.

Pleura. Shows fibrinous pleurisy.

Bacteriology (post mortem).

From retronasal abscess, B. influenzae in large numbers and a few 8.
viridans.

Pericardial fluid. Negative.

Heart’s blood. Negative.

Bronchial fluid, 8. viridens and B. influenzae.

Tracheal scraping. B. dnfluenzae only.

Lung culture, An occasional diplococcus,

Pleural pus,

Case X1I. Ho.

Age 32. Onset Nov. 1. Admitted Nov. 2, Recovery.

Onset sudden. General pains.

drd day. Cough, little frothy sputum. T. 101-4°. P. 84. R. 20. Few
scattered moist sounds in chest.

4th day. Sputum. B. influenzae and 8. viridans.

Sth day. Chest signs clearing.

8th day. Temperature normal. Chest clear.

Clindeal Summary. A very mild uncomplicated case with complete recovery.
No relapse,

Caze XII. Bu.

Age 28. Onset Nov. 3. Admitted Nov. 3. Recovery.

Onset with shivering, general limb-pains.

On admission. T. 103°. P. 80. Dry cough: scanty viscid sputum. No
signs in chest.

2nd day. T. 100°. P. @0. R. 20. No chest signs.

Sputum. B. influenzae, M. catarrhalis, and 8. viridans,

3rd day. Temperature normal. No discomfort.

Sth day. Relapse pyrexia: shin pains.

Clinical Swmmary. A very mild case of influenza or more probably a case of
trench fever,

Case XTII. Me.

Age 27, Onset Oct. 30. Admitted Nov. 3. Died 18th dﬂgx

On admission (Gth r,ln_,}':l. T 102% P. 100 R 24, bsternal pain. No
distress, Crepitations right and left base and right submammary. Sputum
scanty, viscid.

7th day. Moist sounds general.

8th day. Respiration hurried at times.

10th day. Much distressed. Sputum abundant, frothy.

12th day. Blood in sputum: creamy pus.

13th day. Chest full of moist sounds, dullness both lower lobes,
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15th day. Cyanosis and great distress.
16th day. Cough ceased.
18th day. Died,
Post moriem.
Larynx. Moderate inflammation.
5 ;]I'm-chﬂa. Moderate inflammation. Creamy pus in trachea, no froth, no
ood. -
Pericardium. 10 oz, of fluid.
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Heart. Dilatation of right chambers. .

Pleura. Right obliterated by old adhesions. Left, 1-2 oz. of cloudy fluid.

Right Lung. Studded throughout with small patches of broncho-pneumonia.
Small abscess Eﬂﬂ-.t?' in lower lobe.

Left Lung. Upper lobe aerated, but pouring fluid on section. Lower lobe
mnn{ patches of hroncho-pnenmonia.

iver. Fatty.
Spleen. Small and soft.
Clinical Summary. A fatal case with early pulmonary complications. Transient

improvement followed by extension of involvement of lung,
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Microscopic Appearance.

Left lower lobe. Section 1 shows universal consolidation and great engorge-
ment with definite small haemorrhages into alveoli scattered through section.
Leucocytic invasion of fibrinous exudate, though apparent through section, is
more marked around the smaller bronchi, some of which show destruction of
muecous lining,

. Section 2 shows patchy consolidation in which the intensity of the injection
is concentrated munci the smaller bronchi.  In some mueous membrane has been
destroyed, and in others both mucous membrane and fibrous wall are in the pro-
cess of destruction. Lencocytic accumulation, marked at these points, diminishes
a4 one passes to the parenchyma of lung, and, finally, on the fringe of a broncho-
pneumonic area, alveoli are found containing fibrin only.
Bacteriology.

Heart's blood. Negative.

Pericardial fluid. Negative.

Bronchial fluid. B, influenzae (numerous), S, viridans.

Tracheal scraping. B. influenzae (profuse), S. viridans,

Pleural exudate. B. influenzae (profuse), S. haemolylicus, S, viridans,

Lung. B. influenzae and S. viridans.

Case X1V, Fa

Age 26. Onset Nov. 3. Admitted Nov. 3. Recovery. Onset with shivering,
headache, substernal pain and aching limbs, No signs in chest. T. 102:4°
P. 80. R. 20.

3rd day. Few moist sounds in chest. Seanty viscid sputum,

6th day. Epistaxis. Cough looser.

7th day. Sputum frothy mucus.

8th day. Epistaxis ceased. Temperature normal.

10th day. Eutnm slightly muco-purulent.

12th day. cough, seattered moist sounds in chest,

14th day. Convalescence established.

Clinical Swmmary. A case of moderate severity, uncomplicated, ending in
complete recovery without relapse,

Sputum. Haemolytic streptococcus, 8. pyogenes, no B, influenzae,

Casg XV. Wh.

Age 20. Onset Nov. 7. Admitted Nov. 8. Died 11th day. Onset sudden
with shivering, headache, and vomiting.
Znd day. Sputum frothy, mucoid, white, nnstained. Crepitations over left
upper lobe. Bases clear. T. 103-8°. P. 100,
drd day. Vomiting continues. Sputum mucopurulent. Impaired note and
air-entry at right base.
sth day. Vomiting continues. Sputum pink, frothy.
Tth day. Vomiting continues. Sputumrusty. Consolidation, right lower lobe.
8th day. Fall of temperature. Greater distress,  Abundant liquid stained
sputum. Vomiting ceased, -
10th day. In extremis. Irregular pulse.
11th day. Died.
Post Mortem.
Larynx. Not inflamed.
Trachea. Slightly inflamed, containing brown frothy fluid,
Tracheal Glands. Swollen.
Pleura. Recent dry pleurisy over left lower lobe.
Right Lung. Deep area of consolidation in upper lobe. Middle and lower
13bes ]:cf}t ﬂmlvezﬂi
t . Maassive consolidated areas in lower and of upper lo
Parir:a.rdnilﬁm and Heart. Normal. B it
Liver, Diffuse and localized pallor in left lobe.
Spleen. , Soft and swollen., "
Kidney. Swelling of cortex, with blurring of structure,
Clinical Summary. A fatal case in a young subject with obstinate vomiting,
some haemoptysis, and severe pulmonary complications.



v

63

Microscopic Appearance. :

Left lower lobe. Section shows great engorgement and almost universal
consolidation, Small scattered areas of haemorrhage are present. Leucocytic
invasion of consolidated area iz universal, being more marked at the sites of the
smaller bronchi.

- power.  Shows eellular accumulation to consist of (1) polymorpho-
nuclear leucocytes ; (2) mono-nuclear cells (small), probably young filioblasts
and lymphocytes; (3) mono-nuclear cells (large), probably catarrhal cells
derived from cells lining alveoli,

Bacteriology.

Heart’s blood. Negative.

Pericardial fluid. Negative.

Bronchial fluid. B, influcnzae and S, viridans,

Tracheal Seraping. Gram-negative diplococci do not grow on plain agar,
probably meningococei,

Pleural exudate, B, influenzae, a few staphylococci.

. 8. viridans.
Tracheal fluid. Negative.
Case XVL Pe.

Age 31 years. Onset Nov. 11. Admitted Nov. 13. Recovery. Onset with
substernal pain and cough, backache and limb-pains. No shivering.

3rd day. T. 102, R.22. P. 84. Many crepitations at left apex (this patient
had previously been under observation as a case of suspected tuberculosis),
Seatterad rhonchi. Sputum white and frothy.

5th day. T. 100. P. 80. R. 24. Chest signs unchanged. Sputum muco-
purnlent.

6th day. T.normal. More moist sounds in chest.

8th day. Chest signs clearing.

10th day. Convalescence established.

12th day. No relapse. Still o few signs at left apex.

Clinical Summary. A mild case in a subject of slight chronic bronchitis, no
complications, complete recovery without relapse.

Vaso-pharyngeal swab (17.11.18). B, influenzae, 8. viridans,

Case XVII. Gl

Age 19. Onset Nov. 12. Admitted Nov. 16. Died 11th day.
On admission (5th day). T.104-4°. P.106. R. 40. Crepitations and impaired
air-entry over u[p]iﬂr part of rigl]ua lower lobe. Sputum viseid, pink.
6th day. Leit lower lobe solid. Many erepitations, left lower lobe. Sputum
more fluid.
Tth day. Delirious. Cyanozed. XNo sputum.
8th day. Great distress, T, falling. Cough ineflectual. Consolidation of left
lower lobe.
Oth day. Subcutaneous emphysema of neck.
11th day. Died.
Post mortem.
Subeutaneous emphysema of face, neck, and trunk,
Larynx. Acutely inflamed.
Trachea. Intensely inflamed with haemorrhagic areas and necrosis of
MUCOES.
Pleural sacs. Dry. Haemorrhages on lung-surfaces,
1 hcﬂight lung. Capillary broncho-pnenmonia involving larger portion of all
obes.
Left lung. Upper lobe emphysematous. Lower lobe, massive broncho-
pnenmonia.
Heart and Pericardinm. Normal,
Liver. Many fatty areas.
Spleen. Soft.
Kidneys., Cortex B);nlﬂ, awollen, structure blurred.
Suprarenals. Healthy.
Clinical Summary. A fatal case in a young subject, pulmonary complications
arising early. Very intense tracheal inflimmation. Extensive subcutaneous
emphysema.

-
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E. Mediastinum.

Emphysema of upper and anterior mediastinum was seen in
three cases.
F. Lungs.

Very striking changes were found :

(#) ‘Oedema’; (b) °gelatinization’; (¢) haemorrhage; (d)
broncho-pneumonia ; (¢) abseess formation was seen in three cases
which had died at an early stage.

(a) * Oedema’ of lung. Distribution roughly lobar. The affected
area is firm, heavy, erepitant, retains its shape, has a smooth surface
often showing petechial haemorrhages : on seetion no consolidation
is present ; the cut surface pours out fluid which is clear, slightly
brownish and frothy. No pus ean be squeezed from the bronchioles,

This type of lung oceurs in early cases who have shown much
frothy liquid sputum during life and in whom the affected area has
given a flat note on percussion, air entry has been poor and many
msli)imtm'y and expiratory crepitations have been present.

(b) * Gelatinization’ of lung. Distribution roughly lobar, both
lungs usually involved, right middle lobe often free. Surface is
smooth or thinly coated with fibrin. On section the lung is red,
homogeneous, glassy ; it contains excess of fluid and is nearly airless.

The physical signs presented during life are similar to those of
the ‘oedema’ eases but the dullness 15 more marked, air entry is
more impaired, and oceasionally tubular breathing is audible.

(¢) Haemorrhage. Haemorrhage into the lung substances has been
common. The haemorrhagic areas are irregular in size and shape ;
sometimes they are conical suggesting infarction. The condition
18 often associated with broncho-pnenmonia, from which it eannot
be differentiated during life.

(d) Broncho-pneumonia and capillary bronchitis are common in
all grades in late cases. ‘ Miliary broncho-pneumonia’ was seen in
four cases.

IV. CircunaToRY BYBTEM,

A.  Pericardium.

Moderate effusion (3x) was not rare, It was sometimes cloudy
but never blood-stained.
Petechiae of the visceral and parietal surfaces were very common.

B. Heart.

Hutlﬁn% abnormal was detected except flabbiness of heart-musele
and usually dilatation of r. chambers.
Valves and aorta were always normal.

V. ALIMENTARY SYSTEM,

A. TLaver.

Pallor was very common. It was usually concentrated in patches
t:lr}ﬂund near the surface, especially of the left lobe, but was often
iffuse.

Associated with this in a few cases was a slight fibrosis.






3 (¢). THE MORBID HISTOLOGY OF INFLUENZA

BY

Capramn J. L. Conwmor, A.AM.C,

Tur material for this study was obtained from post-mortems on
cases of influenza conducted by Major Sundell, R.AM.C., whose
deseription of the gross morbid anatomy appears elsewhere in this
monograph.

Sections of tissue were fixed in 10 per cent. formalin solution, and
the usual routine for paraffin sections was followed. As a general
rule haematoxylin and eosin were used for staining, but variations
were made where necessary for speeial examinations, i.e. fat,
hacteria, capsules, &e.

I. Lunas.

The histological examination of the lungs being of great impor-
tance is divided into five headings, as follows :

A. Avreas of haemorrhage. :

B. Areas of broncho-pneumonia.

C. Areas of oedematous pneumonia.

D. Areas of grey hepatization with multiple abscess formation.

E. Areas of consolidated lung ranging in colour from red to grey
and usunally - dripping . i}

A. Areas of Haemorrhage. (See Plates I and XI a).

The predominating factor is haemorrhage into the alveoli. Great
engorgement of all the vessels is present. The majority of the alveoli
are plugged with inflammatory exudate, many showing the reticulum
of fibrin with a varying admixture of red blood corpuscles. In some
areas these red blood corpuscles have undergone haemolysis and in
others still retain their original shape. Oceasionally a group of alveoli
is seen filled with blood only and in many places rupture or solution
of the inter-alveolar septa is apparent. The picture is one of acute
haemorrhagic inflammation with toxic spoiling of the capillaries.
Although cellular reaction is not marked at this stage, it is most
evident in and around the bronchioles, many of which are filled with
polymorphonuclear leucoeytes and débris of desquamated ciliated
epithelial cells. In some cases the mucous membrane is totally
destroyed, leaving the fibrous walls exposed and even split by the
cellular infiltration, with partial solution. Thesub-bronchiallymphatie
spaces are also infiltrated by lencocytes. Passing to the parenchyma
of the lung, leucocytes (?;Lrg{:‘lf polymorphonuclears) are dotted
sparingly through the mixture of haemorrhage and inflammato
exudate. Many large phagocytic mononuclear endothelial cells can
be seen, some still attached to the alveolar walls, and some forming
part of the imflammatory exudate filling the alveoli.
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B. Areas of Typical Broncho-pnewmonia. (See Plate XI ),

Under the low power patchy areas of inflammatory change are
apparent and the infection is concentrated around the smaller
bronchi. Stages in the process of their destruction can be seen.

(1) Desquamation of the mucous membrane with leucocytic
aceumulation in the lumen.

Eﬂ) Infiltration of the sub-mucous and fibrous layer.

8) Gradual solution and splitting of the fibrous tissue of the wall.

The nucleii of ciliated ﬂaﬁs are swollen and granular, and the
surrounding alveoli, where evident, are filled with inflammatory
cells. In many cases the small area of lung affected, and appearing
as a white nodule at autopsy, is unrecognizable as lung tissue,
congisting only of a mass of leucocytes, fibrin, catarrhal cells, and
remnants of destroyed lung tissue.

Passing to the parenchyma of the lung, the alveoli are seen retaining
their Sh!l-PE, and filled with inflammatory cells and fibrin ; alveol
with fibrinous reticulum, or homogeneouns albuminous exudate only,
and finally empty alveoli somewhat distorted during fixation, with
slight inflammmatory change. The pieture is one of patchy inflamma-
tion concentrated round the bronchioles with marked cellalar reac-
tion, and destruetion of tissue but with little haemorrhage. Sections
stained by (iiemsa stain show that bacteria are most numerous
in the leucoeytic plug in the bronchioles and neighbouring tissues,
becoming less frequent as the parenchyma is approached,

C. Areas of Oedematous Pneumonia. (See Plate XII 4).

Lung section. There is no universal consolidation and destruction
of tissue is not marked. Section on examination appears as an open
network of mteralveolar septa except those parts approximating
the bronchioles. General engorgement is marked and groups of
alveoli throughout the section are filled with red curpusggz, The
bronchioles show marked damage with desquamation of the ciliated
epithelinm and partial solution of the fibrous wall. Leucoeytic
reaction is marked in and around these bronchioles, many being
filled with a leucoeytic plug. Approximate alveoli are also plugged
with a mixture of inflammatory cells.

Passing to the parenchyma of the lung, capillary engorgement is
marked. The phagoceytic cells lining the alveoli are markedly active,
showing increase in size and a tendency to become detached and to
accumulate in the alveoli.

The majority of the alveoli econtain only a few free endothelial
cells, lencocytes, and granular débris, these alveoli being filled at
autopsy with oedema fluid. 7

D.  Areas of Grey Hepalization and Abscess Formation.
(See Plate XII B).

Almost universal consolidation i present and cellular reaction is
marked. FEvery alveolus, still recognizable as such, is filled with
phagoeytic macrophages from the alveolar walls, and smaller mono-
nuelear cells. This eellular aceumulation i1s marked in eertain areas,
identified as sites of smaller bronehi, by remnants of ciliated epithe-
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lium and fibrous tissue of the wall. Tissue destruction in these areas
iz marked, and multiple abscess cavities are present. The sur-
rounding lung tissue is not recognizable as such, being converted
mto a mass of inflamnmatory ce The pﬂ.rench:,rma of the lung
shows some alveoli (usually gmupad} filled with red blood corpuscles.

A fibrinous pleurisy is commonly seen with early organization of
the fibrin.

E. Areas of consolidated Lung of varying Colowr. (See Plate XIII),

The three sections already deseribed are definite types seen during
the epidemie, and every transition may be seen from one to the other,
and a combination of all three in the same lung.

As a rule the acute cases, where early death has supervened, show
a markedly haemorrhagic lung. Where death occurred later in the
infection the usual change of colour, apparent in lobar pnenmonia,
18 present. Grey hepatization, purulent infiltration, or multiple
abscess formation alter the picture and always show a patchy dis-
tribution, in contradistinetion to lobar pneumonia where an entire
lobe or the whole of one or both lungs have suffered equally.

Sections stained for bacteria by Giemsa (Pastenr Institute), twenty-
four hours’ immersion, show the preponderance of diploeoecei in our
sections, a pleomorphie diplo-streptococeus being very frequent (see
Plates VI and VII).

A few bacilli suggestive of B. influenzae were seen, but not in
quantity as reported by Muir (B. M. J., January 4, 1919).
Universal distribution of bacteria is often present ; but when scanty
the concentration is most obvious in the leucoeytic plug filling the
bronchioles, some being intra- and some extra-cellular.

The report of Sewell, Neweastle (B. M. J., January 11, 1919),
confirms our opinion of the origin and activities of the large mono-
nuclear cell found in alveoli. Our sections show no evidence of
hyperplasia of bronchial epithelinm, but evidence of destruction is
abundant. (Muir, ibid.)

I1I. TracuEA.

Shows acute inflammatory changes with desquamation of the
mucous membrane and lencoeytic accumulation in the sub-mucous
layer.

ITI. Broxcrian GLaxDs,

Show great engorgement and oedema. Vessels are shown in section
distended with red blood corpuseles, and individual eells of gland
tissue are separated by oedema, giving a clear appearance to the
seetion. No abscess formation or necrosis is to be seen.

IV. Lavesr. :

Shows varying grades of cloudy swelling, and a granular deposit
of fat may be demonstrated by special staining methods and is
probably due to diminished funetional aetivity of the liver prior
to death. Two cases of the series only show fatty accumulation
within the liver cells, and in both of these the liver is somewhat
cirrhotic. Terminal engorgment is the rule with marked dilatation
of the central lobular vein and of the capillaries draining into it.
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Plate VI.

. A.—Human Lung, encapsuled diplococci in section [ 1 5400y,
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B.— Human Lung, pleomorphic diplostreptococc: in inflammatory exudate
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Plate VII.

A, Monkey Lung (Group II, No. 2) showing congestion and inflasmmatory exudate
[ 5 FUAD),

B.—Human Lung showing streptococci in section (3 10N,






Plate VIII.

A.—Monkey Lung (Group I, No. 4) showing inflammatory exudate in alveoli and
bronchicle (mucous membrane mntact) | 700,

B,—Monkey Lung (Group I, No. 6} showing marpin of inflammatory exudate
(left), clear lung (right) [ > 5UH).






Flate [X
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A, —Monkey Lung (Group I, No. 3} showing solution of alveolar wall and
inflammatory exudate [ SO0}

———w Ty ————T

B.—Mouze Lung (W 2) showing haemorrhagic inflammatory exudate (3 500).
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Plate X.

Monkey Lung (Group 1, No. 5) showing intense congestion and inflammatory

exudate filling ¢

Iveoli of lung (=500},






Plate XI.

A.—Human Lung. Area of haemorrhage, showing solution and rupture of the
alveolar walls and marked accumulation of red blood cells in the surrounding
alveoli. Leucocytes scanty (= 700]. '

B.—Human Lung.  Area of broncho-pneumonia, showing destruction of bronchial
mucosa with desquamation of epithelium. Cellular reaction marked at sites of
smaller bronchi ( x 300).
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Plate XII.

A, —Human Lung, area of oedematous pneumonia, showing alveoli filled with
albuminous exudate, Leucocytic reaction not marked. (700,

B ——

B.—Human Lung, area of multiple abscess formation, showing total destruction
of bronchial mucous membrane with rupture and solution of the surrounding alveolar
walls ( = 700,







Plate XIII.

#

Leucocytic

Shows a fibrinous reticulum filling the alveoli.

Human Lung, area of consolidated lung of varying colour from red to grey, usually
reaction present but not advanced { x 700,

dripping at autopsy.






PART 1I

4 (a). CLINICAL IMPRESSIONS OF THE PNEU-
MONIAS OCCURRING DURING THE
INFLUENZA EPIDEMIC

BY

Major (wow Conoxen) C. F. Mamtiw, C.AM.C.
(From No. 8 Canadian General Hospital.)

Tur pnenmonias which have oceurred during the influenza
epidemic of October and November 1918, have been so varied in
their clinical characters that it has been impossible to group them
into definite types, but the following tentative classification shows
the chief types that have been noted :

(1) Cases with symptoms and more or less frank signs of pnewmonia,
suggesting clinically a lobar pneumonia.

In these cases the sputum may show either B. influenzae or
organisms of the streptococeus-pneumococeus group as the pre-
dominant organism.

(2) Cases in which signs of pneumonia are indefinite and oceur
only in the later stages of the disease.

(@) Mild, or moderately severe cases, with fever lasting from four
to eight days, and terminating usually by lysis. The signs of bron-
chitis predominate. ]

(b) Fulminating cases, fatal in from three to five days, with
symptoms suggesting a general septicaemia. The respiratory tract
in general shows signs of involvement only in the late stage.

(¢) Cases with irregular intermittent fever running a severe course
for one to four weeks, and terminating fatally or recovering very
gradually. In these cases physical examination reveals evidence
of an acute involvement of the whole respiratory tract. Signs of
pneumonia appear late.

There is frequently epistaxis, pharyngitis, laryngitis, and syn-
ehronously a diffuse bronehitis of the finer tubes, and some involve-
ment of the alveoli. Often before death there is evidence of bronchi-
ectasis or abscess formation. The pulmonary involvement is nearly
always bilateral, and the physical signs of serious pulmonary
disease are usually delayed. To say the least, the ordinary methods
of physical examination yield results that are far from satisfactory,
and diagnosis from the most careful examination is often quite at
variance with the post-mortem findings.

(riNican FEATURES oF THE DISEABE.

Onset.

The disease frequently follows more or less exposure, but may
come on with unexpected snddenness.

E2x%
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There is usually some malaise, with involvement of the upper
respiratory traet, which may dnvalﬂp gradually and progressively.

Chilliness is one of the commonest early symptoms, and may
last for days before serious developments oceur. A genuine rigor
is not so common. Herpes has not been a frequent sign in this
epidemic.

Pain.

This has been muech less ¢onunon in the pnenmonias of this series
than in the ordinary lobar pnemmonia with pleurisy.

As a rule, genera,i’ pains over the body, and especially in the back,
predominate over local thoracie symptoms, and the sensation is
that of oppression rather than of actual pain.

Cough.

The cough, which is among the earliest symptoms, is at first
irritating and non-productive, tracheal in type, and often so con-
tinuous as to prevent the patient from getting any rest. Apparently
this is one of the frequent canses of the supervening exhaustion.

Marked hoarseness, as a part of the laryngo-tracheitis, has been
frequent, and forms a striking feature of the general piﬁt-llrﬁ.

Sputum.

In the early stages sputum may be absent for days. It appears
first as small lumps of mueo-pus, somewhat viseid, and later becoming
numular and more easily produced. It soon becomes of a character-
istic greenish grey colour with more or less froth.

Blood is very fr ‘&%uentl_v Ereseuf-, and there may be merely rusty
sputum, or a bright red haemoptysis, sometimes copious. Not
infrequently the mﬂtv sputum is the first evidence of pneumonia.
When it appears after several days, it may suggest the picture of
a central pnewmonia.

Cyanosis and Dyspnoea,

Practically all cases of even moderate severity show marked
eyanosis, doubtless due to the widespread involvement of the finer
bronechial tubes. It begins early and is progressive to the end in
fatal eases, while in cases which recover it may persist for many days.

D_}?Spﬂﬂ{*& is usually a later symptom. At all events it is remarkable
how slow the reaplral,tmns are, as recorded on the charts, even when
the temperature is high for days. This of course does not apply
to either the fulminating types, or to those in which the signs and
symptoms suggest a lobar pneumonia. The respirations may remain
only slightly inereased for days, w hich is the more sarprising in view
of the involvement of the finer bronchial tubes. In not a few cases
the breathing is asthmatie in type, and the auseultatory phenomena
confirm this observation.

Pulse,

Considering the height to which the temperature rises, it is notable
that the pulse is comparatively slow in the early stages of the disease,
often being no higher than 100° for many days, and the aceeleration
accompanies only the later period of the disease, -



— T —

T

75

Mental State.

Delirium has oceurred in but a small percentage of our cases,
and was then only of the low muttering type. Apathy, hnwever
is a constant feature of the picture, and patients are often tlmwsjr
from the start and difficult to rouse.

Jaundice.
This has appeared in about 10 per cent. of tho cases.

Physical Signs.

The physical signs in the chest are characteristic of the disease
in so far as they are varied and unreliable. Owing to the multiplicity
of the pathological changes that may oceur coneurrently in the
same lung, the acenracy with which one may determine the nunder-
lying con ition is limited.

The outstanding feature of the physical signs is this, that with
an extensive infiltration of the alveoli there may be no other physical
signs than those of a fine bronchitis or bronchiolitis. For four or
five days, or longer, from the onset of serions sj,rmgtnms, one may
find nothing more than a few fine rales at both bases or in the
mterscapular region. Signs of bronchitis dominate the picture.

Again, for a number of days there may be no other }:hj"ﬂiﬁﬂl
signs than suppressed breathing, even when the sputum is haemor-
rhagic ; one gains the impression then that a central pneumonia
has existed, accompanied by a generalized fine or coarser bronehitis,
and moderate oedema. In the fulminating cases, suppressed breath-
ing may be the only physical evidence of involvement up to the end,
though at antopsy widespread acute changes may be found.

In a number of cases where the disease was severe, and irregularly
febrile for up to three weeks, there was very slight, if any, dullness,
no blowing breathing, and no l}mnnhuphun}r, and yet ‘there were
marked dyspnoea, cyanosis, and dinrnal variations of temperature
between 100° and 108°. The physical signs showed evidence only
of bronchitis and some oedema.

In other cases with similar irregnlar fever for as much as seventeen
days, with dyspnoea and twpmnl greenish sputum, the signs were
those of bronechitis, with. m addition, the suppression of breath
sounds in patches, but no dullness, no bronchophony, and no blowing
breathing anywhere. This suppression of breath sounds may persist
for many cl&:,rs before it is followed by even distant blowing breathing
or other evidmme of consolidation, while marked evidence of eon-
fluent pnaumanm is always a late sign.

The suppression of breath sounds often remains for da}' after
the temperature has returned to normal.

Percussion.

When dullness occurred it was found most frequently in the
infra-scapular region, less often in the inter-scapular region or at
the base. Anteriorly and at the apices dullness is quite infrequent,
even late in the disease. It is rarely diffuse until shortly efore
a fatal termination.
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Auscultation.

The most noteworthy auscultatory siﬁn 18 the shortness of the
inspiratory murmur, which ends abruptly and before the normal
duration of the excursion. [t is often more of an inspiratory grunt,
while expiration is feeble and sometimes moderately prolonged.
This, too, seems to be in keeping with the idea that the disease is
primarily of the nature of a bronchiolitis.

As already noted, blowing breathing is nearly always a late sign.
It corresponds in site to the areas of dullness, when these are evident.

The same may be said of the advent of bronehophony, which,
however, is often a most valuable means of detecting areas of doubtful
eonsolidation. * Nevertheless, in many cases where autopsy revealed
marked broncho-pneumonia, the voeal resonance has been unchanged.

To sum up, one may say that, save in the cases which resemble
frank lobar pneumonia, the physical signs lead to the conclusion
that the condition is a diffuse patchy involvement of both lungs,
with considerable oedema, supervening on an invasion of the finer
bronchial tubes ; later on, there is a more or less slow development
of consolidation in various areas of the lung, more particularly in
the upper portion of the lower lobe.

Course and Duwration.

The course of the disease may be fulminating acute, sub-acute,
or even almost chronic (i. e. lasting for four weeks or more), with
favourable result, or otherwise. Death has oceurred in four days,
while in a few of our patients irregular high fever was continted
for many weeks, terminating in ultimate recovery.

In the unfavourable cases the continued mild asphyxia leads to
exhaustion.

Becuvary usually oeeurs by lysis in the mild cases, by erisis in
the cases slmulatmg lobar pneumonia, and in the prolonged septic
cases by all varieties of descent of temperature.



4 (). PATHOLOGICAL AND BACTERIOLOGICAL
FINDINGS IN FATAL CASES OF PNEUMONIA
DURING THE INFLUENZA EPIDEMIC OF
OCTOBER AND NOVEMBER, 1918.

BY

Masor W. H. Tyrier, C.AM.C.
Caprarx R. M. Jangs, C.AM.C.
AND
Capramx G. M. Dormix, C.AM.C.

(From the Laboratory, No. 8 Canadian (ieneral Hospital.)

Tue following report is based on observations made on a series
of eighty-six fatal cases of pnewmonia oceurring at No. 8 Canadian
(General Hospital between October 1 and December 1, 1918. Bacterio-
logical examination was carried out on material taken from the lungs
at autopsy in sixty-seven of these.

I. Gross MoRBID ANATOMY.

The gross lesions seen at autopsy may be roughly divided into
two groups, those oceurring in intimate relation to the bronchial
system, and the more diffuse processes.

The first groups include bronchitis, peribronchial abscess formation,
bronchiectasis, and interstitial broncho-pneumonia.

Bronchitis.

Purulent bronchitis is evident in the great majority of cases,
and in those of longer duration is usunally very extensive. When
the lung is first cut the bronchioles and smaller bronchi may often
be seen to be filled with thick greenish yellow pus, which exudes
coplously on pressure. In other cases it may be necessary to squeeze
the lung to bring the pus into evidence, and a considerable search
may be needed, but in most cases there can finally be found an area
in which the bronehioles yield on pressure some beads or flakes of
yellow white pus or muco-pus.

Peribronchial Abscess Formation.

In many of the lungs there may be seen secattered through the
tissue, or more commonly in clusters in relation o areas of broncho-
pneumonia, small white spots of 1 to 8 mm. diameter, which, on
close examination, are seen to represent true abscess formation.
Either they are solid and yield no pus on pressure, or they may
yield a fine bead from the centre, leaving a solid yellow white margin,
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or, again, the whole contents may be expressed, and with the aid of
a hand lens, the wall of the cavity is seen to consist of bare lung
tissue with no bronehial wall. These small white solid or semi-solid
abscesses often have a striking resemblance, in the gross, to miliary
tubereles. In a few cases there was extensive softening of the pen-
bronchial abscesses, leading to the formation of numerous small
eavities, giving a fine honeyeomb appearance to the cut surface.

In three cases there were noted larger abscesses of 1 to 2 em. in
diameter, oceurring in groups surrounded by intensely congested
pnenmonie tissue. These abscesses were either solid yellow, or had
a yellow margin with a softened pink eentre, and the general picture,
particularly the intense vaseular reaction about them, suggested
the appearance of staphylocoecus infarets, but various stages between
these and the smaller type deseribed above were seen, and it was
thought that they probably represented the same type of lesion,
with a more virulent and rapidly spreading infeetion. In one case
the microseopic examination showed the proeess to be apparently
an infarction, possibly due to local inflammatory ocelusion of vessels.

Broncho-pneumonia.

The tvpe of nodular broncho-pnenmonia seen in this series of
cases seemed to be anatomically identical with that described by
MacCallom and Cole in the pneumonias seen among American
troops, following measles, and which they have called * interstitial
broncho-pneumonia *. This term very aptly deseribes the nature
of the process, which, both from gross and microscopical examination,
15 evidently an extension of infection through the bronchial wall
to the surrounding lung tissue.—not an infection of the alveoli b:l,r
way of the natural air passages. In the earliest stage of the process
there may be seen, scattered over the cut surface, small dark haemor-
rhagic areas of about 5 mm. diameter, which are raised above the
surface, and rather firmer than the surrounding tissue. These may
be isolated, or more commonly are seen in clusters. On pressure,
fine beads of pus may often be squeezed from the centres of these
aread. At the next stage these areas show, without pressure, a fine
white spot at the centre of each, or larger spots with only a rim of
congested tissue about them. The lung tissue surrounding clusters of
these small areas shows congestion, oedema, and beginning con-
solidation. At a later and more commonly seen stage, the snrrounding
lung tissue is frankly consolidated, greyish with haemorrhagic
mottling and forming irregular nodules of 1 to 5 em. in diameter,
containing groups of white spots representing peribronchial abscesses.
These broncho-pnenmonice patches may be seattered indisecriminately
through the lung, sometimes so thickly as to recall the appearance
of a tuberculous broncho-pneumonia, or, as often seen, may form
definite wedge-shaped masses, with the base to the pleural surface,
and showing extensive formation of fine abscess cavities. Again,
several of these broncho-pneumonie nodules at the base of the lung
may be embedded in a diffuse mass of oedematous secondary
pneumonia, bnt the essentially focal character of the lesions is
usually quite evident.



79

Bronchiectasis.

In some of the earliest cases the fine peri-bronchial abscesses
were mistaken for dilated bronehioles, but this error was eorrected
on closer examination. In many cases of longer duration, however,
and especially in areas of collapse, there seems to be a definite
dilatation of the smaller bronechi, which are filled with copious
greenish yellow pus. The lesion is usually diffieult to diagnose with
certainty.

In addition to the lesions having definite relation to the bronchial
system, there are nearly always seen pneumonic lesions of diffuse
type. Apart from localized areas of secondary pneumonia occurring
about the firm patehes of broncho-pneumonia, two main types of
diffuse lesions were seen—a definitely lobular pneumonia, and
a process showing intense diffuse congestion and oedema, often
doubtfully pneumonic.

Lobular Pnewmonia.

This condition has been very frequent during the present epidemic.
The extent of the lesion varies greatly, but the appearance in detail
is very constant. The area involved may compnse a single lobule,
usually at the surface, a group of five to twenty or more lobules, or a
massive area involving from a third to the whole of a lobe. The
affected tissue is swollen, firmly consolidated, and, on section, pale
grey, with o definitely granular surface, the texture and colour being
precisely that of a croupous pneumonia in the grey stage. Ewven
from the pleural surface, however, the lobular nature of the process
can often be distinguished by the eye, and less often by the finger.
In the latter case, the consolidated tissue is felt as a mass of firm
individual nodules of a uniform diameter of about 1 cm.

On section, the borders of the individual lobules are usually very
distinet to the eye, particularly at the margins of the eonsolidation,
where pneumonic lobules partially or completely separated from
the main mass may be seen. In some cases, each lobule stands up
convexly from the cat surface, and in every case the feel of the cut
surface 18 distinetly nodular. The pneumonie tissue is completely
airless, but from the centres of the lobules there can often be squeezed
fine beads of pus. In a few cases a combination of the bronchial
lesions deseribed with the diffuse lobular pneumonia was seen,
clusters of peribronchial abseesses, with some haemorrhagie areas,
being scattered through the affected lung tissue. Abscess and
eavity formation on an extensive scale is common in these areas of
lobular pnenmonia, pointing to the presence of interstitial infection.
A single lobule, or an extensive area involving many lobules, may
be softened, grey pink in colour, and semi-fluid, leading to the
formation of well-defined cavities, or to large, very irregular, ser-
piginous cavities embedded in partially softened tissue. It may be
noted that these cases were usually recorded as having coughed up
during life thick grey pink flaid of preeisely the type seen in these
cavities.

Sometimes, where the lobular process involves a whole lobe, and
where the outlines of the lobules are less distinet than usual, it is
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diffienlt to separate the condition from a true lobar pneumonia, but
we believe that these lesions, as seen during the present epidemie,
represent nearly always an infection occurring by the ai Lg;

and fruly lobular in nature. In most doubtful cases, other ]:-arts
of the lungs show lesions more definitely bronchial in type.

Diffuse Congested and Oedematous Type.

Most cases showed in some part of the lung tissue a certain amount
of eongestion and oedema, either localized or diffuse, and probably
often representing a pnenmonic process, but there was a quite
disgtinet type of case, in which death oceurred after a comparatively
short illness, showing intense diffuse congestion and oedema as
almost the only lesion, with little or no evident bronchial involvement.
When the condition is outspoken, the lung tissue may be almost
airless, pieces sinking in water, but it can usually be almost com-
pletely collapsed on pressure, yielding copious, thick, bloody fluid
with no evident pus. We believe, however, that the process represents
a true pneamonia due fo diffuse infection. In less advanced stages,
and particularly where the process oceurs as a secondary one in
relation to focal lesions, it may appear only as congestion and oedema,
with considerable air-holding tissue, pieces floating in water, and
yielding on pressure only thin frothy blood-stained fluid. Again
there may be seen, usually about areas of broncho-pneumonia,
a diffuse pneumonia, on section grey, firm, very wet, and with
a smooth shining eut surface.

In addition to the two groups of inflammatory conditions, lesions
of mechanical origin are frequently seen, viz. collapse, which was
fairly frequent in this series, and infaretion, which was rare and
indefinite.

Collapse,

The condition was seen in the eases of longer duration, and varied
in extent from small patches at the {free margins, to massive areas
involving a considerable portion of a lobe. The marginal patches
are usually about 2 to 8 em. wide on the free edge, and extend for
about the same distance into the lung. They are sharply outlined,
dark in colour, and sometimes definitely depressed and leathery in
consistence, but more often fairly firm, and suggesting the presence
of a pnenmonic process ag well. We believe that they usnally follow
a pneumonic lesion, but that they are to be aseribed to the local
plugging of the bronehi by thick tenacious pus. In nearly every
case these areas on section show bronchioles distended with such
exudate, and yielding large quantities of it on pressure. Secattered
small areas of 1 to 2 em. may be seen at the lung surface, which, on
séction, suggest a haemorrhagic process, but which microscopically
show definite collapse.

More massive collapse is seen where pleural effusion is extensive,
and in six eases we noted the occurrence of a type of collapse identical
with that deseribed by Colonel T. R. Elliot m chest wound cases.
The area of collapse is seen externally as an irregular strip 2 fo 10 em.
wide running from the upper post:—:rriur part of the lower lobe diago-
nally downwards and forwards, through the lower free margin and



51

on to the diaphragmatic surface. This area corresponds to the
distribution of one of the branches arising from the main bronchus
to the lower lobe, the second branch from the top. In three cases this
condition was bilateral, and the remainder of both lobes showed
extensive pneumonic lesions. In two cases it was unilateral, of
which one was a case of chest wound, in which pneumonia with
this mﬁapse had developed on the opposite side. The tissue involved
was in no case completely collapsed, but was dark red in colour,
leathery, and relatively airless, with the smaller bronchi dilated
and filled with thick tenacious muco-pus. The explanation of the
distribution of this eollapse is obseure, for in no case was there any
plugging of the main bronehial branch or of its larger branches.

Infarction.

Where areas of solid lobular or broncho-pnenmonia involve a free
margin, this border may oceasionally show a condition suggesting
haemorrhagic infarction, which we ascribe to local ocelusion of the
vessels as part of the interstitial inflammatory process. We have
noted above the oeccurrence of groups of abscesses, some of which
suggested in the gross the appearance of septic infarcts, and one
of which miecroscopically seemed to be of that nature.

Haemorrhagic Pneumonia.

Apart from superficial more or less well-defined areas which suggest
infarets, a number of cases showed more widely seattered and much
more indefinite haemorrhagic areas, the nature of which was more
doubtful. These usually were of 1 to 8 em. diameter, with indefinite
borders, and often soft and imcompletely consolidated. Many of
these probably represented an early stage of the interstitial broncho-
pneumonia described, although no evidence of purnlent bronehitis
could be seen. Again, in the pneumonias of the diffuse, wet, con-
gested type, there might be found very indefinite masses which were
more solid and more haemorrhagie than the surrounding tissue. In
two cases numerous well-defined, strikingly globular masses of 2 to
5 em. diameter were seen. These on section showed uniformly
eireular outlines, and were composed of firm, fairly dry, dark reddish
black solid tissue, bordered by pale pneumonie tissue. At the centre
of each mass was a blood-vessel of 3 to 5 mm. diameter, and a small
bronchus placed more eccentrically. In no case was there any
thrombosis of the central vessel. Mieroscopic sections from the
centre of one of these areas showed both vessel and bronchus free
from exudate, but surrounded by a central area of inferstitial pneu-
monia. The origin of the process could not be definitely determined.

: Emphysema.

There was usually some evidence of emphysema at some part of
the lungs, but it was seldom extreme, and was usually more or less
masked by oedema and congestion.

Emphysematous bullae were not infrequent at the anterior free
margins. One case showed bilateral local emphysema in the lower
lobes, with the same distribution as the peculiar type of collapse

F
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noted above, i.e. a strip running downwards and forwards from the

apex of the lobe to the diaphragmatic surface, the lung tissue in
front and behind being pneumonie.

Gross Anatomical Distribution of Lesions.

A most constant finding was the localization of the more advanced
lesions in two positions :

1. At the lower margin of the upper lobe, often as a strip extending
from the apex along the lower border to the anterior margin.

2. At the vertebral border of the lower lobe.

Apart from these two positions, the lesions were commonly more
advanced and extensive in the posterior parts of the lungs.

The peculiar distribution of collapse and of emphysema in certain
cases has already been noted.

Pleural Cavities.

Non-purulent effusion was seen in 40 per cent. of cases, and varied
from 50 c.c. to a litre. In seven cases, or 8 per cent., the gquantity
was 500 e.c. or more. The fluid was thin, clear, and usually brownish
or definitely haemoglobin stained. In 20 per cent. of cases thin,
slightly Egurulent effusion was seen, and in three cases, or 3-5 per
cent., definite empyema with thick pus.

F!brmuuﬂ or fibrino-purulent exudate nccurred on the pleural
surfaces in 60 per cent. of cases.

Sub-pleural haemorrhages occurred in 68 per cent. (the figure is
probably higher than this, for in some cases their presence or absence
was not recorded). These were usually petechial, but in a consider-
able number of cases there were also seen larger patches up to 8 em.
showing a delicate, thin, lace-like or flower-like haemorrhagic layer
under the pleura. More dense haemorrhagie plagues were seen over
areas of broncho-pnenmonia. Haemorrhagie lesions were often seen
on the parietal as well as on the visceral pleural surfaces.

Larynxz and Trachea.

In the majority of cases the larynx was pale and neutral, but
shortly below it the trachea showed diffuse congestion, becoming
progressively more intense as it was followed down to the bifureation
and on into the main bronchi. Fine sub-mucosal haemorrhages were
not infrequently seen. In a certain proportion, about 20 per cent.
of the eases in which it was examined, the larynx also showed diffuse

congestion, and these were usually cases in which laryngitis had been
particularly evident during life.

II. MicroscoricAL EXAMINATION.

The histological examination of the material obtained is as yet
very incomplete, but the sections that have been studied confirm,
broadly, the impressions given of the nature of the proceszes from
gross examination. The bronchial lesions are rather more extensive
than appeared in the gross, and in some cases in which it was thought
that the bronchial walls were intact, the sections show af least
beginning destruction of the walls, In more advanced lesions the
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bronehiole and its surrounding tissue 13 converted info an abseess
bordered only by pneumonie alveoli. The early stages of the broncho-
pneumonic process show bronchioles filled with pus and more or
less devoid of walls, surrounded by peribronchial connective tissue
in which are numerous large dilated blood-vessels, and only oecea-
gionally a definitely haemorrhagic process. Diffuse cellular infiltra-
tion, both leucoeytic and lymphoeytic, is seen, and the surrounding
alveoli are filled with fibrinous and purulent exudate. The later
stage of the broncho-pnenmonia shows a complex and inconstant
picture, but the cellular exudate in the alveoli usually shows a con-
siderable proportion of large mononuclear cells, many of which can
ba definitely seen to have arisen from the alveolar epithelium, which
is swollen and desquamated, often as a uniform layer. In this way
giant cell-like masses may be formed.

The lobular pneumonia shows microseopically less fibrin than
might have been expected from the gross. Diffuse purulent exudate
is seen, often with a considerable proportion of mononuclear cells,
probably epithelial.

The diffuse congested wet type shows extensive oedema and
haemorrhagic exudate, and usually scattered leucocytes in varying
numbers, and also areas of greater leucocytic concentration,

The collapsed areas may show fairly extensive beginning over-
growth of connective tissue and blood-vessels, and giant cell-like
masses may be seen.

I1I. Bacreriovocican Examinarion.

In making cultures from the lungs at autopsy the material which
was selected by preference was the pus or muco-pus which was
squeezed from the fine bronchi in the pneumonic areas, The lung
was cut through, and then, while one person squeezed a favourable
portion, another picked up the beads or flakes of pus with a capillary
pipette as they were expressed from the bronehi. The co-operation
of two workers in this way saved unnecessary contamination of the
material. Where there was no purulent bronchitis evident, and in
most cases where there was definite consolidation, cultures were also
made from the involved areas by puncturing the éxternal surface
of the lung after searing.

The material so obtained was spread on plates made by addin
about 10 per cent. of citrated blood (citrate sol. and blood—equ
quantities) to trypsin agar, the plates being well dried before use,
For the isolation of B. wnfluenzae we much prefer to use unaltered
blood. The colonies of the bacillus are undoubtedly much finer
than with the wvarious forms of altered blood (trypsinized blood,
heated blood, &e.), buf this character makes them more easy to
distinguish from streptococel, and, 1n particular, colonies of pneumo-
eocei or streptococci are eagily distinguished by the changes which
they produce in the colour of the blood. In faet, almost the only
other eolonies which elosely resemble those of B. influenzae are those
of * indifferent " streptococei, 1. e. those prodneing no change of blood,
and these were rare in the series reported. The colonies picked from
the original plates were planted either on fresh blood agar, or on

F2
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trypsinized or heated blood agar, usually on a fresh blood dgar plate
for the first transplant as streptococei or pneamococei, the commonest
source of contamination in picking the fine colonies, are ruled out
without the neecessity of smearing the resultan wth. Fxcept
where B. influenzae was greatly predominant and weﬁmsulated several
colonies were usually picked. Thirty or forty such colonies may
be planted on one blood agar plate by squaring off the bottom of
the plate with a grease pencil.

The most striking feature of the bacteriological results in the
series has been the almost constant presence of Pfeiffer’s bacillus.
Thus, from the lungs of alxt:,f seven cases examined, the organism
was 1solated in fifty-six, in three cases typical colonies were seen
on the plates and their nature confirmed by smears, although the
organism was not isolated in pure culture, and in one further case,
in which the lung plate was too thickly overgrown to allow of isola-
tion of B. influenzae, the organism was recovered from the heart
blood. Thus the organism was certainly present in sixty cases, or
90 per cent. Allowing for errors of technique unavoidable in a series
of this size, such as the occasional plate which is too thickly sown,
this means that the bacillus was practically constantly present. In
45 per cent. of the cases B. influenzae was recorded as the predominant
organism on the plates, and in many cases it was almost pure,

The diagnosis of pneumococeus was made on the presence of
capsules and the fermentation of inulin. Owing to shortage of this
material it was impossible to test all the possible organisms isolated,
and all organisms of the pneumococens-streptococeus gronp which
produced a green colour on blood and which were not tested on
mulin, are ineluded in the flglu'ﬂﬂ given in the charts as ° Pneumo-
coccus or Green Streptococcus . Organisms showing no capsule and
not fermentmg inulin, and producmg a green colour on blood, are
classed as * Green Streptocoecel ',

Among the figures for pneumococcus are included three cases
which yielded typieal Streptococcus mucosus. These cases were all
recognized in the gross as being probably due to this organism,
since we had seen two similar cases in June of this year. They
showed solid massive lobular pneumonia, the cut surface of which
vielded very copious thick, pinkish grey, very mucoid fluid.

A striking feature of the results has been the great rarity of
haemolytic streptococei. These were isolated in only five cases, and
in only three were they predominant or in sufficient numbers to
Justify their consideration as a prominent cause of the lesions. This
13 the more striking in view of the fact that several other workers have
described pneumonias of apparently the same type anatomically as
those seen in this series, in which the haemolytic streptococcus was
almost constant, and in which the lesions noted were considered as
characteristic of infection with this organism. Thus Cole and
MacCallum (1), in deseribing the broncho-pneumonia fulluwmg measles

m American trm:-ps, give a picture of the areas of ®interstitial
l.‘ummhcr pneumonia * which is identical with that shown by the same
type of lesions in our series. They found, however, haemolytic
streptococel in every case, and appear to consider this well-defined
lasion as characteristic for the organism. Again, Fildes, Baker, and
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Thompson (2), after deseribing an autopsy which they give as a type
of the pneumonia in the present epidemie, say * The organism which
15 immediately responsible for the above pathological picture is
a haemolytic streptococcus’. The case described corresponds to
those which we classed as * diffuse, wet, congested pneumonia ’,
and showed also haemorrhagic masses of a type which we have noted.
Among twenty-one cases of this class in our series a haemolytic
streptococcus was recovered, it 1s true, more often than in the other
types of pnenmonias (see Table V), but even in these it occurred
in only 14 per cent. of cases, while mn thirty-seven cases showing the
interstitial broncho-pneumonia of Cole and MacCallum, it was present
in only 2-7 per cent.

Keegan (3) reported twenty-three fatal cases from an American
Naval Hospital in Massachusetts, from 82 per eent. of whom B.
influenzae was recovered at Ii,utﬂpsy, while the remainder showed
haemolytic streptococei. Pneumoeoceus, however, was the most
common secondary invader (56 per cent.).

Next to B. influenzae, staphylococens was the most frequently
found organism. In 21 per eent. of cases it oceurred in predominant
numbers, usually on plates from bronehial pus.

An analysis of the relation of the type of organism isolated to the
type of lesion present (Table V) does not reveal any features striking
enough to definitely aseribe any type of lesion to infection with any
one particular organism. The only difference worthy of mnﬂdemtmn
15 the higher proportion of haemolytic streptococcus in the wet
congested type. It must be remembered, however, that the total
number of such streptococei isolated was very small.

Comparison of results obtained with material from various types
of lezion in the same lung have also failed to give much light on this
question. There was usually no marked difference between the
plates made from bronehial pus and those from diffusely eonsolidated
tissue, with the exception that staphylocoeei were sometimes more
numerous in the bronehi, Our results have not enabled us to answer
the question as to whether B. influenzae by itself can caunse diffuse
puenmonia, but in several plates from such lesions we have found
1t in predominant numbers, and in one case, puncture of a solid grey
massive lobular pneamonia, with little bronchitis, gave a confluent
growth of B. influenzae, pure save for six or eight colonies of pneumo-
coccus. In this connexion it must be remembered, of course, that
in the late stages of ordinary lobar pneumonia it may be difficult
to isolate the pnenmocoecus from the affected lung.

Keegan, in twenty-three cases of pneumonia, got B. influenzae in
pure culture six times by lung puneture at antopsy, and thinks that
it was the cause of the pneumonia.

To sum up, then, we think that the constant presence of B. influ-
enzae in the condition entitles it to be considered as the causative
agent, even if only in the sense that it prepares the way for other
invaders. We think that it is always responsible for the bronchitis,
and it is probable that it may also cause pneumonic lesions by itself.
The nature of the secondary infection has been too varied to admit
of characterizing any one organism as a specific agent, but we think
that the pnemmococens played the most important part in the
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5. REPORT ON THE BACTERIOLOGY AND
PATHOLOGY OF 46 FATAL CASES
OF INFLUENZA

BY

Magor J. W. Parrersox, R.AM.C., No. 5 General Hospital.
Dr. E. Marrory LitTiE, aTT. R.AM.C. } No. 25 BTATIONARY
Miss 8. E. Winnrams, A AN.S. HospiTaL.

WITH A NOTE ON THE PREPARATION OF MEDIA FOR
THE CULTIVATION AND STUDY OF B. INFLUENZAE
(PFEIFFER)

BY

Dr. E. Marjory Lit1iE, ATT. R.AM.C.
AND
Miss 5. E. Winnrass, A A NG,

Durixg the past month 63 fatal cases of ° influenzal’ broncho-
pnenmonia oceurred in No. 5 General Hospital.

When our bacteriological methods of investigation became
stabilized, a series of 46 eonsecutive cases was submitted to analysis.
The results are summarized in the suceeeding tables.

I. METHODS.

Smears were made from the bronchi and from portions of lung
which exhibited haemorrhagic engorgement, consolidation, pus, or
any other abnormal feature. The smears were stained by Gram's
method, and the findings noted. Cultures were made on rabbit’s
blood-agar plates, subsequent subeultures being made on slopes of
the same medium. A series of preliminary experiments showed that
rabbit's blood was superior to human blood for growing Pfeiffer's
bacillus. In studying the organisms present in lung or bronehi,
a series of strokes was made on the blood-agar plates, and after
incubation for 18 to 24 hours the eolonies were exafnined and sub-
cultures made. Blood cultures from the heart were also made in
44 cases,

In the earlier cases an attempt was made to study the organisms
ocenrring in parts of lung tissne exhibiting different stages of broncho-
pneumonia. The results indicated that this was not a fruitful line
of investigation, and was discontinued.

II. SumMmary or ReEsurTs oF BACTERIOLOGICAL EXAMINATION.
1. Blood Cultures.

No. of Orgunism recovered.
Ezaminations B, Injiu- Prewmao- Streplo- Higphylo- 5
e, ERIME. CONOHA. coccus, COCCUE, No Growth.

44 1 ease 12 cases 1 case 1 case 20 cascs
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lungs pushed up, usually full of air and crackling ; and often rupture
of air vesicles had taken place, giving patches of acute emphysema,
pallid beneath the pleura. There were frequently small areas of
subpleural haemorrhages.

In 4 cases there was a considerable amount of dark straw-
coloured fluid free in one pleura. In these cases, the pleura affected
had patches of soft greenish-yellow thick fibrin seattered over the
lower parts of the lung and between the lobes. Twenty-four other
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cases showed recent soft fibrinons adhesions scattered over one or
both lungs; in some instances these were very dense, although
recent, and in tearing through them quantities of blood-stained
fluid exuded from the mouth and nostrils, as it was expressed from
the lung and bronchioles. Three other cases had old firm fibrous
adhesions of a previous pleurisy.

Total recent pleural involvement, 28 cases (60 per cent.). In
the remaining cases the pleurae in front were pale, showing sometimes
emphysemsa and petechial haemorrhages as deseribed above : and
posteriorly, over the engorged or consolidated lung, the pleural

Eu;'faca had lost its glistening appearance, and was of a dark plum
eolonr.
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FLoungs.

The most striking feature was the general engorgement and
waterlogged condition of the lungs ; except in the grey consolidated
patches, there was a profuse exudation of frothy sanious fluid from
the cut surface. In extricating the lungs, especially when pleural
adhesions were present, frothy blood-stained fluid was expressed
from the bronchi and poured from the mouth.

1. To this primary wmflammatory vedema and congestion were added
the following types of broncho-pneumonie involvement.

2. Peribronchial type. In the early stages this condition showed
as small bright-red spots of consolidation about 5 mm. in diameter
surrounding a small bronchus. On palpating the lung through the
pleura or passing the finger over the eut surface, the impression was
given of small knots in the lung of firm consistency, resembling the
feel of miliary tubercles. This condition frequently remained
limited in extent, beeoming grey and later softening, so that in the
late stages the lung surface was pitted with small discrete abscesses.

8. Broncho-pneumonic type. Here the cut surface of the lung
amidst general engorgement and oedema showed firmer raised
bright-red areas varying in diameter up to 25-40 em. Later these
areas became larger, dark-red, and conflnent. In the next stage
%reyish-red patches were evident, and in some nstances the con-

uent greyish-red massive areas resembled lobar pneumonia, but
the lobe showed places in various stages from dark-red areas to
parts where softening and abscess formation was taking place. In
some instances the whole alveolar part of the lung was diffluent,
and abscesses up to 50 em. in diameter were present, full of broken-
down lung tissue and traversed by strings of more resistant bronchi.

4. Purulent bronchitis. Yrom parts of the lung in all stages of
involvement worms of yellowish pus could often be expressed from
the small bronchi.

5. Acute emphysema. Along the free borders of the lungs the
air vesicles were frequently ruptured and confluent.

In one case, whose bronchitic signs dated from only two days
before death, only one small area of bright-red consolidation near
the hilus of the left lower lobe was found in addition to a tremendous
haemorrhagie engorgement of the whole of the lungs. In all other
cases protean combinations of the pathological varieties cited above
were found throughout the lungs. On the whole, however, the parts
dependent in the dorsal decubitus showed the most widespread and
farthest developed involvement.

In one case only a small infaret was discovered ; it was sitnated
on the anterior border of the left upper lobe. Two cases showed
definite evidence of tubercle, one an old caleified nodule in the apex
of the right upper lobe, the other an acute miliary tubercle seattered
widely throughout the lungs. In the latter, tuberele bacilli vecurred
in the smears, and cultures showed the presence of Bacillus influenzae.

Respiratory Tract.

In all cases the large bronehi contained frothy bloodstained Huid,
and showed congestion of the mueous membrane. In many cases
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this congestion. was intense, and extended up to and involved the
epiglottis, being accompanied at times by submueous haemorrhages.
In cases of longer standing, erosion and ulceration of the vocal cords
had oceurred.

Heart.

The cavities of the right side were always much dilated and
flabby, distended with dark blood, or often with firm white clot
extending to the root of the pulmonary artery. The left ventricle
was usually firm and contracted ; but in 13 cases (30 per cent.)
the muscle of the left ventricle was also softened and flabby. No
acute involvement of the valves was observed. In only one case
were sub-pericardial haemorrhages noted; and no instance of
excess of fluid in the pericardinm or of pericarditis oceurred.

Liver.

The liver was always considerably engorged. A constant obser-
vation was the presence of patches of degeneration in the liver. In
cases examined even within two or three hours of dpa.t_-h, small
subeapsular areas of yellowish degeneration ocecurred, ]‘l1'11_2113112*!'#-11:»r on
the upper surface of both lobes and at the free anterior border, .
extending sometimes to a depth of 2-3 ¢m. In some instances the
degeneration was widespread throughont the liver, but this may
have been due to early post-mortem changes. In two eases recent
fibrinous adhesions of the diaphragm to the upper surface of the
right lobe had oceurred.

Spleen.

The spleen was small and firm in 22 cases, softened in 14 cases,

and large and softened in 10 cases.

Adrenals,

" The adrenals in 20 cases were observed to be friable; in one
case both adrenals showed haemorrhagic involvement of the whole
gland. :
Kidneys.
The kidneys, beyond general engorgement, and some oedema of
the cortex, showed acute involvement in only one case, in which
there was a recent exacerbation of a chronie nephritis.

Stomach and Intestines.

In one case with a eclinical history of haematemesis, the gastrie
veins were distended and there were numerous submucous haemor-
rhages on the stomach wall. In the remainder, these organs appeared
normal.

Brain.

In one early case with symptoms of meningism, the brain and
medulla presented no maeroscopic abnormality, and the cerebro-
spinal flnid on culture remained sterile.

The post-mortem examinations were made at No. 5 General
Hospital by one of us (8. W. P.); and the bacteriological work
was carried out in the laboratory of No. 25 Stationary Hospital by
the other two (E. M. L. and F. E. W.).
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NOTE ON THE PREFARATION OF MEDIA FOR THE
CULTIVATION AND STUDY OF B. INFLUENZAE.

The experiments deseribed below were carried out towards the end
of 1918, when the epidemic of influenza, which had been prevalent,
was subsiding.

In the previous epidemie, in June 1918, during which some fifty
cases of influenza were investigated in this laboratory by Lieutenant-
Colonel C. J. Martin, F.R.8., A.AM.C., the medium used for the
isolation of B. influenzae consisted of agar to which unheated citrated
rabbit's blood had been added. A suitable piece of tracheal mucus
was selected, washed insaline or water, and sown on rabbit’s blood-agar
plates and incubated for eighteen to twenty-four hours at 37° C.  On
this medium B. influenzae appeared as very small, hemispherical, per-
fectly clear colonies. After a little practice in the preparation and
use of this medium, little difficulty was experienced in growing B. in-
fluenzae from sputum from patients suffering from the disease.

When the second wave of the epidemic began in this Base in the
autumn of 1918, a similar technique was adopted in order to cultivate,
if possible, B. influenzae from sputum, and from autopsy material
from influenza cases. In the earlier stages of our observations af
this time we found that we were not so successful in isolating the
organism as-in June. Frequently we failed to obtain a growth of
the' bacillus from material which, as microscopical examination of
stained smears showed, contained minute gram-negative baeilli,
morphologically resembling the influenza bacillus of Pfeiffer, in great
nambers ; and, moreover, when colonies of B. influenzae developed
on our plates they were usually few in number. The one point of
difference which had been introduced into the technique was that
whereas in June rabbit’s blood was used exclusively, in these earlier
experiments, which met with only a limited success, we used human
blood. Our earliest experiments were made with blood, and blood-
agar, which had been supplied to us from the pathological laboratory
of a venereal diseases hospital, the blood having been obtained from
patients. This medinm, althongh excellent for the cultivation of other
organisms, was found to be of little value for the cultivation of
B. influenzae. We thought, at the time, that possibly the faet that
some of the patients had received intravenous injections of salvarsan
might aceount for the small success we met with when using the
medium, but we found later that no better results were obtained
when blood from healthy, normal human beings was used. We
then returned to the miginal method of June, as used by Martin,
and used eitrated rabbit’s blood and encountered no further difficulty
in isolating B. influenzae from our material.

It appears, therefore, that in isolating B. nfluenzae the species
of animal from which the blood required for the media is derived
is a factor of some impoitance, and may possibly account for the
failure which some workers have experienced to isolate B, snfluenzae
from material which mieroscopical examination shows to be heavily
infected with the organism. A series of experiments was therefore
carried out with a view to studying this, and two other, points.
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It was suggested to us that the addition of potato extract had been
of value in the isolation and cultivation of the gonococeus and certain
other organisms, and that the addition of potato extraet to our blood-
agar might provide a medinm suitable for our purpose. This was tried.

It has been known for some years that media containing heated
blood yields more profuse growths of B. influenzae than similar
media eontaining unheated blood. The earlier observations on this
pomnt have been repeatedly confirmed, and quife recently media
containing * changed ' blood have been prepared and studied in
greater detail by Fleming, Levinthal, and Matthews.

The following batches of media were made, and their value for
the isolation and enltivation of B. influenzae studied and compared.

(i) Agar and unheated eitrated human blood

{i‘i} tE ? 13 77 l-al‘jbi'tis L]
(TN i 5 nDFEEl L
AT e s e human blood and potato extract.
'I:T':} LK L] 3] 3] l‘ﬂl}bit’ﬁ' 1] 3] a8 18
{VI} 2] Y] 1 28 hurse 1 i3] 18 1
ertlE R heated ,»  human blood
{"rii-i] iy ¥ ¥ L rﬂbbith ¥
{ix] rk ] ¥ 23 L] hurse ¥
(IR, 2 ,» human blood and potato extract
{}E-:i-} F¥ E L] L ] I‘Ehhit’a ] ¥ ¥ ¥
(xll} ¥ 37 E ¥ horse ¥ ¥ ¥ L5

The media containing the heated blood (Nos. vii-xii) was prepared
in the following way. Tubes containing 5 e.c. of nutrient agar were
melted and allowed fo cool to 60° C. and 0-2 c.c. of citrated blood
added to each tube, the tube shaken gently to secure a homogeneous
mixture, and then transferred to another bath at 80° C., and left
there for a few minutes until the contents of the tube became
chocolate in colour. The tubes were then sloped. In preparing the
media containing the so-called ‘ unheated * blood the melted agar
was cooled to 50° C. and the citrated blood added and the tubes
sloped at once. This latter medium is of a bright red colour.

On the twelve varieties of media thus prepared the growth of
ten strains of B. influenzae was studied. The results of our observa-
tions are summarized below.

(i) B. influenzae grows much more profusely on media containing
blood which has been heated to 80° C., and the eolonies which develo
on such heated blood-agar are invariably larger than those whic
grow on unheated blood-agar.

(ii) A better growth is obtained on media containing unheated
rabbit’s blood than on media containing unheated horse blood, and
this latter yields better growth than media containing unheated
human blood. In six of the ten strains studied no growth oceurred
on the unheated human blood-agar media, and the growth on the
remaining four cases was extremely scanty. Three out of the ten
strains failed fo grow on the unheated horse blood-agar, and growth
was obtained in nine out of the ten strains sown on to unheated
rabbit’s blood-agar. In the corresponding media containing heated
blood, a good growth was obtained in nearly every case.
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(1) The addition of potato extract did not affect in any way the
cultural value of the varions blood-media tested. ,

(iv) On numerous oceasions we observed that strains of B. influ-
enzae cultivated on media containing unheated blood, on examination
showed “bacilli of the filamentous variety. Subeultures of these
involution forms on to heated blood-agar media resulted in a growth
of organisms morphologically true to type.

In this laboratory we make use of media containing either unheated
or heated blood, according as to whether (i) sputum or autopsy
material is being examined for the presence of B. influenzae, or
whether (ii) a previously isolated and identified strain of B. influenzae
is being dealt with. It is now our practice to sow sputum or other
material on plates of unheated rabbit’s blood-agar. The blood being
added to the melted agar at a relatively low temperature (50° C.),
such plates have a bright red appearance, and the nnchanged haemo-
globin which they contain serves as a valnable ' indicator ’, and is
an aid to the picking off of colonies of B. wnfluenzae, and to the
differentiation of them from colonies of pneumococei and haemolytie
streptococei. If, on the other hand, a large quantity of influenza
organisms is required (e. g. for the preparation of vaceines, for the
study of the agglutination reaction, &ec.), we use media containing
‘ changed ’ blood, as on these media eolonies are much larger and
growth 18 more profuse. When using heated blood there is not much
to choose between the rabbit and the horse, but with human blood
the results are not quite so good ; in our experience Levinthal's
medium or Matthew's medinm are even better.

We have also earried out experiments in order to discover, if
possible, a medium which will preserve the bacillus of influenza in
a viable condition for some time. We find that the following medium
keeps the bacillus alive for a period of sixteen days, and twelve ont
of fifteen strains were found to be still alive when examined twenty-
one days after inoeulation. The basis of this medinm is nutrient
agar containing 2 per cent. of stareh : this is tubed in 5 e.c. quantities,
melted, and cooled to 60° C. To each tube 0-2 e.c. of eitrated blood
(the species of animal from which the blood is drawn is immaterial)
is added, the whole gently shhiken and immersed for a few minutes
in a bath at 80° C., until the contents become chocolate in eolour.
The tubes are then put into a rack and allowed to cool in an upright

ition. The tubes are inoeulated with two or three stabs, incubated
for twenty-four hours at 87° C., and the plugs then paraffined and
the tubes returned to the incubator, where they are kept.



6. REPORT ON THE MORBID ANATOMY OF
INFLUENZA

BY

T. H. G. Seorg, M.B. (Cantab.), M.R.C.P. (Lond.)
Temp. Capt. R.AM.C.

(From the Central Mortuary, Etaples Base.)

TaE present remarks concern the autopsies on a series of 148
cages dying from influenza or its complieations during October and
November, 1918, It is much regretted that more were not examined,
but during the height of the epidemic it was not possible to examine
more than one in three or four.

It was originally intended that Captain W. Rolland, R.AM.C.,
should investigate the bacteriology of the post-mortem material,
and in a great many cases he did, but his early recall to eivil life
has put an end to his work. It may be possible fo publish his work
later, together with some detailed histology of the lesions deseribed

helow.
I. GENERAL CONSIDERATIONS.

The striking features revealed by these post-mortems are three :
The constancy of pulmonary lesions.
The constancy of myocardial changes.
The frequent oecurrence of haemorrhages.
Very varying amounts of pneanmonia were found, and often the
amount seemed quite inadequate as a cause of death, but the
myocardial condition was hardly ever such as easily to be overlooked,
and amply compensated for the small amount of pnenmonia. The
resence of haemorrhage in various situations, and notably in the
ungs, is probably evidence of a widespread and severe toxaemia.

Comparatively few of these fatal cases could be regarded as below
the average in physique, and most were robust and apparently
previously healthy men.

Apart from the disease itself the chief debilitating factor was
tuberculosis, and that did appear to be present in a higher proportion
of cases than previously found. In this series it occurred in fwenty-
one cases or 14-7 per cent. (the proportion was 9-6 per cent. in
a previous series of 1,500 cases, chiefly dying from wounds). In
10 cases the lesion was pulmonary, but aetive n only 2. Glandular
tuberculosis was present in 11, the abdominal and thoracie glands
being involved in about equal numbers,

One patient had been poisoned by phosgene and another by
* mustard * gas, and two were suffering from slight wounds of the
limbs. Aecute appendicitis was found in one, and chronie bronchi-
ectasis in another. Nephritis older than the present disease was
found in five cases. :
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The morbid anatomy of these cases is best deseribed under the
following regional headings: lesions found in the plenra, lungs,
mediastinal glands, heart, liver, spleen, kidneys, and brain, and
a few other lesions not admitting of a grouped classification.

I1. LEesioxs Fouxp 1¥ THE PLEURA.

Pleurisy was found as follows :

Old, assoe. i Heroiis
0, with T K. Recent, L:ﬂ'mmu. Ein e
Bilateral . . & 4 47 b 4
! I T 11 4 18 (i} b
Right. . . a1 7 20 3 3
%]::m w | a7 15 05 17 16

Ineluded Included in ;.he Previous

in previous eolumn.

colnmn.

Total effusions (serous and purulent)=33, or about one in three of all recent
pleurisy.

The old pleurisy was met with chiefly in the form of adhesions
over the lower lobe—a few cases showed apical adhesions only, or
were universal.

Recent pleurisy was found—usnally dry—over the lower lobes
and behind, often extending over the upper lobe, but seldom muech
in front of the mid-axillary ime. A certain amount of lymph exudate
was commonly seen on the surface of the lung. The parietal plenra
almost always showed vascular dilatation and roughening of the
surface when visceral pleurisy was present.

Effusions were generally small—viz. half to one pint—in the
case of serous effusions, and up to over two pints in one case of
empyema. Clear effusions were, no doubt, in some cases referable
to eardiac failure, for it was not uncommon to find them associated
with absence of dullness of the lung surface.

Haemorrhagic effusions were seldom seen, and never in marked
degree,

III. Lesioxs oF THE Luxc.

Conditions ranging from profuse oedema to lobar consolidation
have been found in the lung. Whatever else was found, oedema was
one of the prominent features, and the oedema was of a peculiarly
slimy character in many cases in which the consolidation was

extensive, : i
The types of pneumonia found may be classified as follows and

considered separately :
A. Haemorrhages and haemorrhagic pneumonia, .
B. Broncho-pneumonia—or capillary bronehitis,
(. Miliary pneumonia or bronehiolifis.
D). Lobar pneumonia.

A. Haemorrhage and Haemorrhagic Pneumonia.

Inmost cases broncho-pneumonia was accompanied by haemorrhage,
present either as small round subpleural petechiae scattered over

G
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the surface of a lobe and roughly proportional in amount to the
degree of consolidation, oras larger masses of interstitial haemorrhage,
which closely resembled red infarcts when near the surface of the
lung. The latter type has been observed to follow the line of a vessel
as if produced by leakage from various points along its course,

Broncho-pneumonie patches have often been found surrounded
by a zone of the more usnal consolidation—suggesting that the
haemorrhage preceded the consolidation and provided pabulum for
the rapid growth of organisms. (Organisms of a haemoglobinophilic
type, such as Pfeiffer’s baeillus, readily grow in such surroundings.)

Further, cases of death after short illness were more prone to
show obvious haemorrhage than those of longer standing. A very
characteristic type of lesion was one in which the lung was bulky
from emphysema, and showed numerous plum-coloured haemor-
rhagie areas, varying in size from the size of a shilling up to a third
of the lower lobe—the latter being produced by coalescence of
smaller areas.

Discrete lesions resembled infarets on section, and zeen through
the pleura were often of polygonal shape. They were quite solid,
and on microscopic section were clearly due to haemorrthage. There
was no obvious cause for infarction in these cases, and, thongh no
microscopic evidence is adduced, were probably due to leakage
from vessels the walls of which were unduly permeable.

This eondition was present in early cases, and in eases showing
the more profound toxaemia. In a few cases watched clinically
haemoptyses were found from time fo time. These were the cases
which most constantly showed the presence of influenza baeilli—
both in the sputum and in cultures made from the lung post-mortem.

B. Broncho-pneuwmonia.

Broncho-pneumonie areas of greater or smaller extent were the
most common pulmonary post-mortem finding. They tended to.
coalesee, and generally there was compensatory emphysema, most
often seen in the anterior parts of the lobes, but a finer mixture
of emphysema, consolidation, and collapse was often seen, as in the
broncho-pneumonia or capillary bronchitis of children. Sometimes
it was hard to distinguish in these cases between confluent broncho-
pnenmonia and lobar pneumonia, but probably the latter was not
common. In a fair proportion of cases of broncho-pnenmonia
necrosis of the lung was present, generally of small areas, but
oceasionally these were found to have blended into extensive branch-
ing abscesses. Almost all cases showed pus in the bronehi, and on
section small beads of pus cozed from the finer tubes. This was not
found in consolidated areas only, but occurred in what otherwise
seemed to be fairly normal lung, recalling the purulent bronchitis
of two years ago. (Lancet, 1917, ii, 41.)

The trachea was quite often much injected, especially in its lower
part, and oceasionally a slight membrane or psendomembrane was
found partially detached, but much more often there was a slimy
mueopurulent secretion which welled up from the main bronehi.
The injeetion was seldom extremely marked as in poisoning by gas
or other respiratory irritants, and seldom extended much above
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the larynx, although in some cases the fauces and pharynx were
markedly involved. Injection was most prominent in haemorrhagic
cases,

Altagether broncho-pnenmonia was present in 113 cases, In
77 excessive oedema was noted ; 48 showed marked purulent
bronchitis, and in 51 compensatory emphysema was prominent,

Necrosis or abscess of the lung occurred 12 times; in 4 it was
the obvious origin of empyemata, but in 2 there was no pleurisy,
as the areas of consolidation involved were deeply situated.

The figures just given include also those under the heading of
haemorrhagie pneumonia, as the possibility of separate consideration
of these cases did not become apparent until too late to place them
in a category by themselves. Interstitial haemorrhages and sub-
pleural petechiae were noted as follows :

Interstitial haemorrhage . : ! - . 65
Subpleural petechiae y : : . : : 54
Both . : i . : ; : N |

Of 12 cases of neerosis of the lung haemorrhage was found in 10,

C. Miliary Pneuwmonia.

This type of pnenmonia was fairly often found, and is associated
with plugging of bronchioles with pus and fibrinous exudate. A small
ares of consolidation, with leucoeytes, epithelial cells. and fibrin in
the exudate, forms around the affeeted tube, and gives rise to a very
characteristic macroscopic eondition, whieh, however, 15 much more
pasily felt than seen. When the lung is handled it reminds one of
a bag of peas, each nodule feeling rather smaller than a pea, and
the surrounding lung quite soft and non-resistant. This condition is
generally called bronchiolitis, but as definite consolidation of the lung
is present, the name miliary pnenmonia seems more appropriate.

Miliary pneumonia was found in twenty cases—14 per cent. of
all cases or 18 per cent. of all broncho-pneumonia. It oceurred as
deseribed in diserete form in twelve cases, and in a eondition ‘of
becoming confluent into larger areas, or associated with ordinary
broncho-pneumonia, in the remaining eight. Thirteen cases showed
haemorrhage, eleven showed a marked degree of emphysema, and
pleurisy was present in thirteen. Bilateral in eleven. Two small
empyemata were found in eases of miliary pneamonia.

It was thought that this type of pnenmonia might be more definitely
associated with the presence of Pfeiffer’s bacillus than the more
normal broncho-pnenmonia, because of its obvious relationship to
purulent bronchitis, but this bacillus was not constantly found.
Pneamococel and streptocoeei were found as frequently.

. Lobar Prewmonia.

The lobar distribution of eonsolidation was not common. It was
found in fifteen cases, which may be subdivided as follows :

(a) Almost certainly confluent broncho-pneumonia 7
(b) Showing broneho-pneumonia of the other lung . 4
(¢) Probably true lobar pneumonia . % " ¢

G2 L2
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Only two showed empyemata—both of type b. Three showed
serous effusions (all left-sided)—two belonged to type b, and one to
type ¢, the latter being a very small effusion, and turbid, though
not obviously puralent.

Consolidation was always present in the grey stage though a few
eases showed some areas of consolidation of more recent date,
espécially in the upper lobes.

The eut surface of these lungs constantly showed a very wet and
slimy condition, and was not of such a granular or * ground glass’
appearance as is found in typieal lobar pneumonia.

A large amount of oedema was also present in seventy-seven cases
of broneho-pnenmonia, and in five it was the only pulmonary lesion
found.

IV. LEesioxs oF MeDIssTINAL (FLAXNDE.

Enlargement of glands at the roots of the lungs and around the
lower end of the trachea was very often found, and more often during
the latter part of the investigation than at first—probably because
they were more frequently examined. Altogether they were found
to be affected in ninety-one cases, of which twenty occurred in the
first forty-three and seventy-one in the final hundred. In all
probability 75 per cent. is near to the actual proportion in which
they were involved.

These glands, and in a few cases the abdominal, inguinal, and
cervical glands, showed much swelling due to congestion. In some
cases this was absent, and the glands were pale, soft, and even
breaking down, especially when there was a neerotic pateh in the
lung.

It 1s possible that the enlargement of these glands accounts for
the clinical observation of a cough closely resembling whooping
congh—namely a series of expirations followed by a single inspiration,
in repeated spasms and in a few cases ending in a small vomit.
This has been observed many times, and the state of the mediastinal
clands found post-mortem suggests a causation similar to that of
1;]113 Enugh met with in children affected by tuberculosis of these
glands.

V. LEesioxs oF THE HEART.

It was very unusual to find a heart in these cases of influenza
death that could be considered normal. Dilatation of the right side
was the rule, and of the left extremely common. The myocardium
was generally paler than usual, often showed early fatty change,
and was almost always soft. Seetions in the fresh state stained with
Sondan IIT showed intense fatty degeneration. The condition of
the heart muscle fully bears out the elinical observation of low blood
pressure. It would be curious if such hearts could sustain a normal
mtraventricular pressure. The blood pressures of a ward of thirty-
five patients, all in the first week of the disease, gave an average of
93 mm. Hg, the lowest being 84 mm. (taken by a dial instrument,
and checked by normal controls). The pressure was found lowest
at about the third or fourth day and in severe cases took several
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weeks to recover. Unfortunately the pressure just before death
was not taken in any of these cases., In two cases of post«influenzal
depression or psyehasthenia the preaaure was 10 mm. below normal
as much as eight weeks after the attack of influenza.

Dilatation was found in 188 eases. Myocardial pallor or softening
or both in 185 cases.

I'n many eases the endocardial half of the muscle was very noticeably
paler than the outer half. This was much more marked in some
cases than in others, and was found especially in early fatal cases,
and in those showing the greatest dilatation. The reason is pre-
sumably to be found in the vascular supply to the heart musele—
the smaller branches of the coronary arteries being furthest from
the vessels’ origin on the outside of the heart, and the part supplied
by them on the inner side most affected.

The heart, like the lungs, showed subserous haemorrhages, but
by -no means so commonly. They were noticed in sixteen cases,
in the form of small discrete rounded subpericardial haemorrhages.
Occasionally small endocardial haemorrhages of a similar type were
found, but with a tendeney to be more irregular, or flame shaped,
resembling those found in the retina in other conditions.

Pericarditis and endocarditis were not found at all. The average
heart weight was 12 oz. The largest 16 oz. and the smallest § oz.

VI. Lesioxs or THE LIVER.

In most cases there was found some fatty change in the liver,
often taking the form of irregular areas, visible beneath the capsule,
and on section, of yellowish colour, and surrounded by normal looking
liver. In some cases the whole liver was pale and very obviously
fatty-enlarged, and with a rounded instead of a sharp anterior edge.
In some eases the left lobe seemed more affected than the right, bat
usually they were affected equally.

In a considerable number congestion was present—doubtless
mmp&nymg a gradually failing heart, and v.hEn present together
a ‘ nutmeg * appearance was produced.

Nothing abnormal was noticed in the gall bladder or bile duets.
Fatty change in the liver was found in 130 cases, congestion in
forty-nine cases, and both were present in thirty-eight cases.

The average liver weight was 68 oz.—the largest being 109 oz.
and the smallest 41 oz.

Janndice of a non-obstruetive type was found in five cases. These
all showed evidences of severe toxaemia. Jaundice was not deep in
any of them.

VII. LEesioNs oF THE SPLEEN.

The condition of the spleen is always very difficult to deseribe,
but two main types ean be mentioned in this series of cases apart
from congestion, which may be present as well.

(1) The m&lpighian budies may stand out prominently on cut
section, as in the ‘sago’ spleen, the rest of the organ being either
pale or congested, which latter makes the pallor of these bodies
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more apparent. The spleen is usually enlarged, flabby, and often
very soft. When not econgested the capsule 18 often wrinkled.

(2) The spleen as a whole may be pale and flabby—not soft—the
consistence reminding one rather more of gelatin or india rubber.
It is not nearly so friable as the preceding type, and on section
presents a much more uniform appearance. The malpighian bodies
do not appear enlarged, and need looking for. The organ is just as
often enlarged as the preceding. Enlarged malpighian bodies were
found in forty-five cases, the pale flabby spleen in sixty-eight cases,
and congestion was present in fifty-eight cases.

The average spleen weight was 6-6 oz. The largest spleen weighed
19 oz. and the smallest 31 oz.

VIII. LesioNs oF THE KIDNEY.

Maeroscopically the kidneys almost always showed some changes
which were probably attributable to the action of toxins passing
through them. On the average they were a little larger than usual,
and were certainly paler and softer.

Generally the cortex was a little swollen, and there were streaks,
indicating areas of congestion, upon a pale or yellowish background.
The bloody kidney of acute nephritis was never seen. The medulla
was of a darker colour, and often showed marked congestion. The
capsule stripped off easily, with a few exceptions where there was
nephritis of longer standing, and the surface exposed showed dis-
tended stellate veins npon a pale smooth background. The renal
substance was often quite friable, These are the appearances of
what might be termed the * toxie ' kidney, and were present in 130
cases.

Mieroseopical sections showed lesions which fall in line with the
gross morbid anatomy.

Glomeruli were not involved exeept for some terminal congestion.
The brunt of the damage was borne by the tubules—and especially
the convoluted tubes and ascending limb of the loop of Henle. These
showed desquamation with epithelial casts in situ, and in several
cases a great deal of fatty degeneration was present. Hyaline
was constant in the few cases it was possible to examine at
the time.

About fifty cases showed, either in addition to the toxic state or
apart from it, a considerable amount of congestion, which is not
surprising as a result of failure of the right side of the heart.

Subacute or chronic nephritis—probably of much older date than
the terminal influenza—was found in five eases only, and in all it
was of the glomerulo-tubal type. The granular kidney was not seen.

Haemorrhage under the mucous membrane of the renal pelvis
was seen three times, in the form of small elosely erowded points as
large as a pin head.

hT]m average kidney weight was greater than normal—12-3 oz.
the pair.

{)edamaa of the extremities, hvdrothorax, ascites, or lumbar oedema
were not seen except in one case of subacute nephritis, in which
a small hydrothorax was found.
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IX. Lgesions oF THE Braix.

The brain was only examined in twenty-two cases and in those
becanse some special cerebral symptoms were present.
The eonditions found were as follows :

Meningeal oedema " 11
Great congestion . 3
Encephalitis . . 2
Meningitis . . 2
Hydrocephalus 1
Natural . 3

The degree of oedema was often high and well in agreement with
the condition of meningism from which the patients suffered.

Encephalitis was present in two eases and showed itself as multiple
punetate haemorrhages studded throughout the white matter of the
cerebrum, basal ganglia, pons, medulla, and cerebellum. The grey
matter appeared not to be affected. The individual haemorrhages
were small, but varied somewhat in size, and in some places were
noticeably more abundant than in others ; collections were especially
seen near the posterior end of the corpus callosum. Asonly two cases
were examined no generalizations are possible, but the constant
affection of the white matter is remarkable. The condition most
nearly resembling what was seen 1s the state of the brain in poisoning
by phosgene gas. :

The two cases of meningitis showed no influenza baeilli on culture.
One was caused by the meningococens, and the other by the pnenmo-
coccus. The condition was in no way remarkable.

In one ease in which headache had been a very prominent symptom
inflammation of the frontal sinuses was foumF and the influenza
baeillus found in the pus they contained.

A moderate degree of acute internal hydrocephalus was found in
one case. No cause for this was found, the base of the brain appearing
clear—meningitis was absent. During the last few hours of life
this patient had a persistent spontaneous elonus of the right leg
below the knee, but no localizing cerebral lesion was found.

X. OreeEr Post-MorTEM FINDINGS.

Haemorrhages have been found in other situations than those
mentioned—the lungs, heart, and brain.

The lowest segment of the rectus abdominis muscle was haemor-
rhagic in eleven cases. Af first excessive coughing was thought to
*be a possible cause of this, but a section cut by Captain Bashford,
R.AM.C., showed that an extensive myositis was present, with
degeneration of the myelin, and proliferation of the sarcolemma cells.

Mesenteric haemorrhages were noticed once.

Intestinal haemorrhage oceurred twice, and haemorrhage in the
stomach once.

A gross haemorrhage into the tissue of the spleen was seen once.

Parotitis was seen in one case—associated with encephalitis.
The bacteriology of this case was not worked ont, but the association
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of these two conditions reminds one of the cases found by Gordon
in children. (L. G. B. Reports, No. 96 (New Series), 1914.)

‘nteritis is probably fairly ecommon, but was not often looked for.
Injection of the mucons membrane of the eolon was found in a fair
number of eases, but records were not sufficiently kept to give figures
on this point.

The work done by Captain W. Rolland, R.AM.C., upon the
bacteriology of this disease tends to show that the lesion most
aszociated with the influenza bacillus is the haemorrhage, especially
the haemorrhagic stage of pneumonia. When cultures were made
from the infarct-like areas Pfeiffer’s bacillus was found in nearly
every case, and generally in almost pure culture. The same applied
to the elinical aspect of the same condition. When the first haemo-
ptysis was noticed, the influenza bacillus was easily recovered from
the sputum.

(Glands proved sterile on culture.

Effusions did not yield the bacillus—the usual organism in empye-
mata being the pnenmococeus.

Blood cultures were always sterile.

Whatever the true baeteriology of influenza may be, there appears
to be a fairly clear post-mortem picture associated with the activities
of Pfeiffer's bacillus in this epidemic.

The most characteristie lesion is haemorrhage.

The most fatal lesion is probably myoecarditis, and evidences of
the extreme toxaemia are further to be found in the fatty liver and
kidneys, and the enlarged spleen—and possibly meningeal oedema.

Enlargement of lvmphatie glands was most marked in the thorax,
where other toxing were at work in the lungs, so that this lesion can
hardly be regarded as influenzal only.

Haemorrhage appears to take place in the lung, and in its imme-
diate neighbourhood Pfeiffer’s bacillus is found. Secondary infection
leads to broncho-pneumonia which may be caused by a variety of
organisms, prominent among which are the pneumococcus and
a streptococens. These are organisms commonly found in the
respiratory passages, and multiply rapidly in the haemorrhagic
pabulum the influenza bacillus has set free. Probably the influenza
baecillus remains loeal, forming toxins which, carried over the body,
produce the cardiac, hepatie, and renal lesions. No more than
degenerative lesions are found elsewhere, such as a toxin, rather
than an organism, would produce. The appearances described
above may all be secondary to some other infection, but are never-
theless mainly eaused by the influenza bacillus.

The type of pneumonia referred to as miliary pneumonia is due
to extension of inflammation from the bronchioles into the neigh--
bouring alveoli, and is not as a rule associated with haemorrhage.
The pathology is probably not the same as in the more character-
iztically influenzal lesions.
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IV. BroxcHO-PNEUMONIA.
1. Clinical Findings.

(a) Mortality. Of 14 cases, 11 died and 3 recovered.

(b) Lung Signs. Great daily variations, often absence of
pathological signs. BSuppressed breathing at the bases,
moist eonsonating rales, and patches of bronchial breath-
ing in the interscapular spaces were common. In a
few cases signs of consolidation in one or both lower
lobes before death (the confluent cases).

(¢) Temperature. Great diurnal variations. Average lower
than in lobar cases.

(d) Sputum. Characteristic of influenza, pale-green, numular,
with mucous B. Influenzae. Inonly 2 cases pnenmococel

Wi
(¢) Average Duration. Fatal cases, 15 days ; surviving, 17.

V. Broop CULI'.URES;
The Results are shown in Tasre L.

Number Number Per cent, Per cent,

Pogitive, Negative, Positive, Negative.
Lobar Pneomonia 13 ] 59 4l
Broncho-Pnenmonia i 11 i 10y

The pneumococcus was identified by the following characteristics :

(a) Greenish colour in blood bouillon.

(b) Diffuse cloudiness in bouillon with no flocenlent precipitate and
very little settling.

(¢) Pnenmocoecus-like colonies on blood agar.

(d) Bile solubility (not always tested).

(e) Typing with sera furnished by the Rockefeller Institute. The
types are shown in TaepLE II.

Type 1. Tupe 2, Type 4.
Number of Cases . . . 1 11 1

TasrLre III.

Average number of days before death at fime of cultures, and temperature
at tvme of culture.

Dhays, Termperativre.
Positive Negulive, Positive Negative
Culfure. Culture, Culiure, Cultre,
Lobar Pneumonia 2.9 1-5 1036 1045
Broncho-Pneamonia ] a7 -— 102

Seven cases of lobar pneumonia in which blood ecultures were
negative or were not done were typed by isolating the pneumocoecus
from the sputum by the Avery method, or by culture obtained from
lung puncture. These showed four cases of type 2, and three of
type 4 pnenmococeus. In 20 cases of lobar pnenmonia, therefore, the
types of pneumocoeccus oceurred as follows: typel, one case; type 2.
fifteen cases; type 4, four cases. In no case was type 3 recovered.
~ In cases having broncho-pnemmonia the pneumococcus was
1solated from the sputum in two eases only, one type 2 and one
type 4—both fatal cases. Repeated attempts to grow the pneumo-
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coceus in the other eases failed. Often few or none of these organisms
could be seen in stained spreads of the sputum. The bacillus of
influenza was found in the sputum of all the cases of broncho-

pneumonia.,
TapLe IV.

Mortality with reference to Positive Blood Cultures.
Of Cases with Positive Cnltures,  Of Cases with Negative Cullures,

Number, Per eend, Number. Fer cend,
Eiwing =i o & 1 7T b it
Dying . . . 12 92-3 3 33

V1. Parnorogy.

Pathological Findings. The gross appearance of pneumonic
lungs suggests a division into the following groups : :

(1) Pure broncho-pnreumonia. The lesions are diserete with definite
limits. Pleurisy is not often concurrent.

(2) Rapidly spreading broncho-pnewmonia. The patches are large
and ill-defined, often becoming econfluent. Even when a whole
lobe is involved in a confluent process, it does not have the massive
appearance of true lobar pnenmonia and an unevenness is evident
on palpation and section. Usnally there is no pleurisy ; if present
it 1s of the dry kind. Two cases in our series were of this type.

(3) Pure lobar pnewmonia. The longs ave typical. They are large,
massive, and evenly firm on palpation. In distinetion to the two
previous types there is almost invariably a marked fibrino-purulent
pleurisy over the affected lobe, This pleural lesion is lacking over
other lobes in the zame ease, which are not involved in the lobar
process, even though they have marked broncho-pnenmonia.

The cut surface shows even consolidation, some in the stage of
red hepatization, some in the grey stage.

(4) In a certain number of cases the lobar pneumonias give
evidence of a previous broncho-pneumonie process in the same lobe.
Immediately about the bronchi there are areas showing older,
harder lesions, of a red or grey colour.

(5) In many cases the lobes not involved in the lobar process show
& broncho-pnenmonie process. 1t is quite probable that in some of
these cases there is also a broneho-pneumonic process in the lobe with
lobar pneumonia, which is obscured by the lobar eonsolidation.

(6) In three cases a lobe or lobes are oedematous, with red fluid,
and airless, but not consolidated.

Associated processes. Marked bronchitis is nearly always present.
Pericarditis is noted in three cases. In one case it is of the dry adhe-
sive type, and concurrent with broncho-pneumonia. In the two other
cases it is purulent and associated with lobar pneumonia. The pericar-
dial exudate econtains a pure culture of pneumocoeceus in each of the
two latter cases. In one case the pneumococcus, on typing, proves
to be type 2, the same type as in the blood eulture and lung culture.

Empyema. In four cases empyema occurred with lobar pneumonia,
i one case with bronecho-pneumonia. Marked collapse oceurred
only in the broncho-pnenmonie case.

Pleural exudate. In six eases, all lobar pneumonia, there was
excess of pleural fluid, slightly clondy, and reddish-brown.



8. ON THE AGGLUTINATION OF B. INFLUENZAE
(PFEIFFER) BY THE SERUM OF PATIENTS
SUFFERING FROM INFLUENZA.

By Carpraiy P. HartiEy, R.AM.C., T.F.

(From the Laboratory, No. 25 Stationary Hospital, B.E.F.)

During the recent epidemie, at the end of 1918, the opportunity
occurred for testing the sera of patients who were suffering from
influenza for agglutining to B. influenzae. It was thought that
investigations on these lines might throw some light on the vexed
and still unsettled question of the part which Pfeiffer’s bacillus of
influenza plays in the disease. The epidemic subsided rather quickly
in this Base and in consequence some projected experiments were
left unfinished. The results which have been obtained up to the
present are set out briefly below.

I. MareErian Usgbp.

The first material which became available was serum obtained
from the heart blood taken at autopsy on cases of influenza. In
all, twenty-one satisfactory samples of serum were obtained and
examined. The;n-‘ were supplied by Major S. W. Patterson, R.AM.C.,
Pathologist, No. Genﬁraf Huspit.al who, with Little and Willams
of this hospital, was investigating at the time a series of cases of
influenza. These workers investigated fifty-six cases and demon-
strated the presence of B. influenzae (Pfeiffer) in the lung or bronchus
of every case except one. The next material studied consisted of
serum from patients who ultimately recovered from the disease. It
was hoped to be able to compare the agglutinin content of the serum
of the same patient at different stages of the disease, but on account
of lack of material this was only possible in one case.

II. MerHOD.

A macroscopic method was used. The patient’s serum was tested
at dilutions of 1 in 50, 1 in 100, and 1 in 200 only. Equal volumes
of diluted patient’s serum and emulsion of B. influenzae were mixed
in a small test tube, heated to 55° C. for three hours and read off
from fifteen to thirty minutes after removal from the bath. The racks
were left on the bench until the following morning when a second
reading was made. In each experiment, when a number of patients’
sera were being tested, at least three and sometimes five samples of
normal sera were set up and tested in preecisely the same way.

III. Tae Emunsioxs oF B. INFLUENZAE USsED.

As some unexpected difficulties were encountered in the earlier
experiments the following notes may be of interest, and perhaps of
some use, to other workers on this subject.
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Eight strains of B. influenzae were used ; seven had been isolated
from the lung and one from sputum. In the earlier experiments
the orgamism was grown on unheated rabbit’s blood-agar, on plates
which were inoculated from a pure culture by making a series of
parallel strokes. The plates were incubated for eighteen to twenty-
four hours at 37° C., a number of colonies picked off and examined,
and if found satisfactory the growth was taken off with a platinum
loop and emulsified in a measured quantity of saline and diluted
if necessary. A unit volume of this emulsion was then heated to
55° (. for three hours, and if the suspension remained perfectly
uniform and unagglutinated the tests with diluted patient’s sermm
were proceeded with.

These precautions are necessary as it was found that different
strains of B. influenzae exhibit very varying degrees of °auto-
agglutinability °.  Some strains agglutinate after standing on the
bench for about an hour, others are stable at room temperature
but agglutinate after heating at 55° C. for three hours, while others
remain perfectly stable after heating at 55° (. even for twenty-four
hours. Moreover, it was found that a strain of B. mﬁuenzrm may
vield a perfectly stable and satisfactory emulsion on one day, yet
a few days later another generation of the same strain may yield
an emulsion which ﬂgglutinates spontaneously at room temperature
(strains 40 and 22 behaved in this way). The following observation
was also made : A eulture of strain 22 growing on unheated rabhit’s
blood-agar was examined and found to be typieal. From this parent
slope subeultures were made on two plates, one consisting of unheated
rabbit’s blood-agar and the other of heated (70° C.) rabbit’s blood-
agar. After incubation at 37° C. for eighteen hours each plate
showed a good growth, but in neither case was the organism quite
typical. e culture on the unheated rabbit’s blood-agar showed
long filamentous forms, while that on the heated rabbit’s blood-agar
yielded organisms which were a little longer than usual but other-
wise typical. In the former case it was found to be very difficult
to emulsify the growth in saline and the emulsion when made
agglutinated on standing on the bench. In the latter case the growth
emulsified easily, but spontaneous agglutination oceurred at room
temperature. Earlier in ifs history this strain had yielded emulsions
which were perfectly stable, and since the above observation was
madle it has returned to normal habits.

At the fime it was thought that the concentration of sodium
chloride in which the baecilli were suspended was a factor affecting
their agglutinability, but experiments showed that this was not the
explanation. As a matter of convenienee and routine the agglutina-
tion experiments described in this paper have all been carried out
in a solution in which the concentration of sodium chloride was
always the same in every tube, namely 0-5 per cent.

As a result of the later experiments, and other work on the bacillus
of influenza, the very distinet impression has been gained that the
blood used in making the media 15 a factor which affects the auto-
agglutination of the emulsion as well as the morphological character
of the organism. When using unheated blood one eould never tell
whether the resulting emulsion would serve for experimental purposes
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or not. The emulsion had to be made, examined, and tested every
time.

[n the later experiments Matthew’s medium was used and this
was found to be perfectly satisfactory. Luxuriant growths were
invariably obtained and these yielded stable emulsions of morpho-
logically typical organisms.

IV. Summary oF REsULTs,

Suries A.  Bramination of twenty-one Samples .':r_f Serum from the
Heart Blood of Fatal Cases of Influenza.

In most cases the same sample of serum was tested against several
strains of B. influenzae either on the same, or different, days.

Two readings of the tubes were made ; the first from fifteen to
thirty minutes after removal from the bath (the immediate reading),
and the second on the following morning (the late reading). It was
found that agglutination was sometimes observed after eighteen to
twenty-four %ﬂl‘ll‘S where none had been visible immediately after
removal from the bath. * Naked eye ' agglutination was looked for
throughout, no hand lens being used. In no case did any sample of
normal serum agglutinate any strain of B. influenzae used, and all
strains were tested before use for auto-agglutination and put up
again with the sera during the tests. No strain used exhibited
auto-agglutination.

The results obtained are set out below. The numbers refer to
serial numbers given to patient’s serum or fo the strain used. The
entry ‘late’ indicates that agglutination was not apparent after
heating for three hours at 55° C., but was easily visible to the naked
eye after standing at room temperature overnight.

TasLe I
Strains of B. mﬁ e nzae bested,
Patient s (@) Strains agglutinated by potient’s  (b) Strains not agglu-
seriim  Duration BETTH, tinated by paticnt’s
tested.  of illness. BETHN,
41 12 days  * Legee,” * Hudson® (late), 40, 24, 45, 22,
and 63

49 6 ., Legge, ' Hudson' (late], 40, 24, 45, 22,
53 11 ,, ‘Legge. ‘ Huodson ' (late), 40, 22

i 6 ., Hudzon, 22, 40 (late), 63, 64

& 8 ... ‘Hudson,6 24,22 45
30 8 ,, "Hudaon' 22, 63 40, 64

Froeeman ¥ ., 40, 63, 64

15 17 ,, 40, 63, 64

5 16 . 4, 63, 64
41 10 o Leﬁgo,’ 410 0 * Hudzon *
52 10, 24,82 45, 40, 63, 64

7 1 . 8%
51 105 40 {late)
25 8 ,, ‘Hudson’
36 8 ., 63 (late) 40
34 185 40, G4
26 1% &0
Ab e i

b L e i
23 14 ., 24. 45

24 1L 24, 45
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(b) Late reading. /
Of the 20 sera examined,
4 agglutinated one or more strains of B. influcnzae at 1/200.
ﬂ i L7 R L1 " L Lh ] L lfrlml

"i: mr LB e e b ] L ] l.r‘rm‘
6 failed to agglutinate any strain of B. inﬁu.g!;-m ngﬂimt which they were tested (4 of
these 6 were tested against 2 strains and 2 against 1 strain only).

Comparing the two series A and B, although the numbers of sera
tested are not great, the number of times that agglutination was
observed was about the same in the two series, but agglutinn.{riﬂn
oceurred at a higher dilution in series A than in series B. In this
eonnexion it i3 inferesting to note that the serum was taken, on an
average, ten days from the onset in series A, and, on an average,
- seventeen days from the onset in the case of series B. | :

Serigs |C.

Unfortunately there is, as yet, only one completed observation in
this series, the object of which was to study the agglutinin curve
to B. influenzae in patients suffering from influenza.

In this case the first sample of serum was taken on the sixth day
of the disease, and this agglutinated B. influenzae completely at
1 in 200 (immediate reading) ; a second sample was taken on the
tenth day of the disease, and this agglutinated B. influenzae at 1 in
100 (immediate reading) ; a third sample was taken on the fifteenth
day, and no agglutination was detectable by the naked eye at 1 in
50 at the immediate reading, but by next morning agglutination
had oceurred at this dilution. In making these agglutination tests
the same strain of B. influenzae was used throughout. |

V. CoxcLUsSIONS.

(i) The sera from forty-two cases were exammed for the presence
of agglutining to B. influenzae, and it was found that twenty-seven
of these agglutinated the bacillus at a dilution of at least 1 in 50.

(ii) The sernm of normal healthy persons did not agglutinate the
emulsions of B. influenzae used at a dilution of 1 in 50.

(i) Evidence was obfained that agglutinins to B. influenzae are
developed at an early stage of the disease and that there is a rapid
decrease of these agglutining during convaleseence (ef. Fleming,
Lancet, London, 1919, i. 139).
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