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CHAPTER V.

THE BACTERIOLOGY OF INFLUENZA.
BY

SIR FREDERI&KX W. ANDREWES M.D., F.R.S

In the previows chaptes of this repot the generé features
of the epidemis of influenza haw been described In dis
cussirg thos features which are conventionaly termed epidemi
ological, the assumptio has been implicit that sone living
organisn is the essentih " materies morh " of influenzg and we
have not attemptel to define its preci® nature In the presen
chapte this questiom mug be explicitly raised and a review
will be attemptel of the bacteriologich findings in the recen
epidemic

Nearly 80 yeals hawe elapsél since the lag world-wide
outbre& of the diseaseand during this period notabk advancs
have been made not only in the technique of bacteriology but
in the interpretation of the data which it reveals It will be
convenient in the first place to note certan of the factors
which hawe contributal to widen the outlodk of the pathologis
in face of the problens offered by epidemt influenza and
especialy thoe which are'relevan to the discussim which will
follow.

In 189Q the bacteriologis who sough to establi® the
connectim betwee a given microbe and a given diseag was
restrictad to the fulfilment of what were traditionally known as
Koch's four postulates Thes conditions laid down at a time
when the "germ theory' of diseag was on its trial and was
the subje¢ of hostile criticism, were designeé to remow all
possibility of doult as to the caus& relationshp of a microbe
to an infective disease They hawe lost nore of their force with
the advane in our knowledge indeed the gem theowy of
diseag is now so firmly establishd that we are in dange of
too readily acceptig a microbe as the causé agen of a disease
and of neglectirg the rigid proofs which shoudd be demanded
The conditiors laid down by Koch are to-day easie of fulfilment
than they were in 1890 : our mears of cultivation have been
greatl improved and our range of experimenth animak has
been extende@ not merely to monkey and anthropod apes but,
with increasim daring to man himsef where the risk could be
justified. We are further, able to employ lines of evidene
unrecognisd when the postulats were laid down and lying
beyord their scope  Since 1890 the whole sciene of
"immunologs " has been developé ; all the dat@a which arise
from the study of immunity reactions from the resuls of
specific serun treatmen and of prophylactt inoculation may
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now justly be usel in suppot of the causé relation of a
microbe to a disease

A secoml direction in which the horizon of the bacteriologis
has widenal lies in the fact that he is no longe restrictal to
the bactera propea in his seart for a pathogené microbe
Many infective diseass hawe bee found due to animd micro-
parasites while in not a few of our commones fevers the caus4
agen is, on good evidence thoudh usually without the strict
fulfilment of Koch's postulates referred to the so-calla " filter-
passing group of microbes that is to say to organisns so
smal that they are invisible, or barel visible, with the higheg
powers of the microscope and are capabé of passimg through
the pores of afilter which will keegp badk most if not all, known
bacteria It neal scarcey be sad tha evidene as to sud
invisible agens of diseag mud be even more jealousy
scrutinisel than where a visible and readily-cultivabe virus
is in question

There is a third direction in which much has been learned
and it is one of particula importan@ in relation to influenza
Even when the primary microbic caug of a diseag has bem
establishd beyord question it by no mears follows that all the
customay clinical phenomean of the diseag are to be tracel to
this cause On the contrary they are often due to what are
termal "seconday infections' by microbes othe than that
which is the primary cause and sud seconday infectiors may
be fraugh with greate dange to life than the primary infection
itself. It is now well known tha the healtty human body
harbous on its cutaneos and especialy on its mucous surfaces
a teemirg and variable bacterid flora, mary membes of which
are potentid causs of disease That they habitually produe
no suc effed depend upon two inversely-relatd factors—tte
resistane of the healthy body and the virulence of the microbes
Equilibrium of this natur is, however readily upseé : the
resistane of the body may becone lowered to a point at which
even feebly-virulert organisns can invade it, or the virulence of
the saprophyt¢ flora may be raisal to a point at which even
the healtly body may be invaded We know, too, that this
saprophytc flora, and notabl that of the respiratoy tract isin
a constam stae of flux. In crowdal centres of population
individuals are constanty exchangimg bactera by a mechanim
identicd with that by which ordinaly infectiors spread—i the
main, so far as respiratoy disease are concerned by the
channé of "mouth-spray’. |If prod of this be neededit is
furnished by moden investigatios into the prevalene of
meningococcs carriers when cerebro-spinkfever is rife.  The
importane@ of seconday infectiors is well exemplified in sud
disease as scarla fever and measles We do not it is true
certainly know the primary cau® of eithe of thee fevers though
there is strorg evidene in ead cas that it is a filter passer
But we haw goad reasm for believing that neithe of the
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diseasesin an uncomplicatd form, is a very seriows affection
at leag in this country. Their mortality is due to their com
plications which depem upon seconday infections; strepto
coccd and pneumococdainvasiors are the usud dired causs
of death The effed of the primary virus is so to depres the
resistane of the body as to enabk thes almog ubiquitows
saprophyte to gain a foothold Their virulence is enhancd
by successfuinvasian of the tissues and when sud fevers are
epidemt there is little reasm for doubting that the very mears
by which the primaly virus spread from ca® to ca® serves
at the samne time, to convey the dangeros agens of seconday
complicatiors in a stak of increasd poteny for harm

Such consideration as thee mug be kept clearly in view
in a discussio of the primary cau® of influenzg in which it is
also true that it is the complicatiors which kill—complications
too, which are largely identicd with, and due to the same
seconday infecting agens as thos of such a diseag as measles
For where the primary virus is obscue and difficult of detection
it may easiyy happe that a seconday invade masquerade as
a primary cause A well-known exampk of suc an error is
offered by swine fever. Salma and Smith describe in this
diseag an organisn which they termed the " hog-cholea
bacillus;’ now known as B. suipestife or B. choleee suis
This organism undoubtedy pathogend for the pig, long passd
as the cau® of swine fever, till Dorseé and Bolton demonstrate
that the true virus was a filter-passe and B. suipestife a
seconday invada from the intestine The latter organisn will
produe in the pig certan of the phenomen of swine fever,
but the diseag so causeé does not sprea to othea pigs after
the fashimn of the genuire disease

The precedimg remarks have not been made at random but
to illustrate certan of the advance in knowledge gained during
the pag few decadeswhich hawe deepy influencel the mentad
attitude of pathologiss and bacteriologis$ in face of such a
problem as that presentd by epidemt influenza

The History of Pfeiffer's Bacillus.

From a bacteriologich point of view the outstandimg resut
of the previows grea epidemt was R. Pfeiffer's discovey of the
organisn associatd with his name and which he called the
"influenza bacillus® This discovey was not macde at the time
of the primary outbreak but during a seconday epidemt wave
in 1892 ; it was publishal in that year but a more complee
accoun was furnishel by Pfeiffer in a pape entitled " The
Aetiology of Influenza " in the Zeitschrift fur Hygienein 1893
In this admiraby lucid and well-written pape he describs
how he found in the sputum and pulmonay lesiors of the
cass which he studied a minute Gram-negatie bacillus in
prodigiouss numbers The difficulties attending the cultivation
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of the organisn were successfull overcome and it was shown
to require haemoglobn for its artificial growth.  Pfeiffer failed
to cultivate it from the blood of human cases and he discredis
Canon$ observatios to the contrary He demonstraté the
toxic effed of cultures upon the rabbit guinea pigs and mice
were found more resistan to the toxin : he endeavouredthoudh
with indifferert success to reprodue the diseag in monkeys
He was unabk to satisfy himsef of any multiplication of the
bacillus in his experimenth animals when deah occurral it
seemd due to a purely toxic effect

Pfeiffer's observatios arouse wide-spred interest and his
resuls were confirmed by others but opportuniy to put the
causa relationshp of his bacillus to the diseag to more crucid
tests disappearedfor the epidemc was at an end The matte
was therefoe left in this position :—a new bacillus had been
discovered in connectim with a diseag not previousy studid
by bacteriologists though only in a seconday wave of the
epidemic It had been shown to be toxic for laboratoy animals
but the diseage had not truly been reproduced in them : Koch's
postulats had not been fulfilled. Nevertheles the clos
associatio of the organisn with the lesiors of the respiratoy
tract in human influenza and the profusicn with which it was
found in the sputum were so suggestie as to make out a prima
facie case for Pfeiffers bacillus as the cau® of the disease
This conclusim was widely acceptd and the "bacillus
influenzae " took its place in bacteriologich text books perhap
with an admissim that full prod of its relation to the malady
was still wanting

As commony happers after a sevee visitation of influenza
localisal outbreals of influenza-like disease varying in exten
and severity hawe recurre at irregula intervak since the
pandem¢ of 1890 Pfeiffer's bacillus was naturally sough for
in sucdh outbreaks and not infrequenty found But often it
was not found, and othe pathogené bactera becane recognisd
as the apparemn caush agens in mary of the minor epidemics
the eviden@ being of much the sane orde of validity as that
attachirg to Pfeiffer's bacillus in 1892 One has only to look
at alist of the microbes which it is now deemea right to include
in a " polyvalent catarh vaccire " to realis how mary are the
organisns which now appea to be associatedand commony on
fair circumstanti& evidence though without the strict fulfilment
of Koch's postulates with febrile catarrts of a more or less
"influenzal' nature Amongg the ingrediens of sud a
vaccire we find not only Pfeiffer's bacillus but streptococgi
pneumococci micrococc catarrhals and its allies staphyle
cocci, Friedlanders bacillus and B. septus And we may well
begin to wondea whethe an affection which has some claim to
be regarde as a clinical entity, can possiby own suc avariety
of causé agents for it is clearly possibé that they may be of
only seconday importance the primary cau® of febrile catarh
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being still unknown The latter view is supporte by
Kruses experimens on the transmissio of " comma cold" by
materid which has passd throuch a Berkefel filter; similar
experimens havwe more recenty been carried out by Foster and
with even greate success Shoul febrile catarrls be prove
primarily due to a filter-passimg virus, the importane of the
bactera just enumeratd would not be disproved thouch they
would be relegatel to a seconday position The prophylactt
value of polyvalen anti-catarh vaccine is though by mary to
be not inconsiderable though no trustworthy statistics on the
subjed are forthcoming

The question however which is here at isswe concerrs the
relation of Pfeiffers bacillus to influenza and the light which
has been shal on the subjed since its discovery A primaty
difficulty with which we are confrontal at the outse lies in the
difficulty of defining influenza What is the relation betwea
pandem¢ influenza and the minor epidemic of somewha
similar character which occu irregularly during inter-pandenmi
periods and betwea these again and febrile catarrts? It is
probabk that the mog likely persa to answe this questia is
the epidemiologist for it is in the "naturd history " of thes
respectie visitations that their mod conspicuos difference
lie. Theclinician is baffled by the fact that the affectiors shad
off into one anothe in such fashion that he can draw no clea
line betwea them The bacteriologist who ough to be able
to answer is on the horns of a dilemma: for until the clinician
can tell him the differene between epidemc influenza and a
febrile cold he cannad sit in judgmen on Pfeiffer's bacillus ;
and until he knows whethe or not this organisn is the primaty
cau® of influenzg he cannot by bacteriologich means decide
betwee the two affections

The following facts concernimg Pfeiffer's bacillus may, how-
ever, be regardel as having been establishd in the cour®e of
the lag five and twenty years :—

(1) It is not infrequenty cultivated from swabbing taken
from the pharymx of normd persons living there as
a temporay and apparenty harmles saprophyte

(2) It is still more commony found in catarrh& conditiors
of the respiratoy tract and its presence unde sud
circumstances may, or may not be associatd with
fever and constitutiond symptoms

(3) It is familiar to laryngologiss and rhinologiss as the
appareh causa ager of mary chronic inflammatoy
conditiors of the throat nos and accessor sinuses

(4) Certan cass of meningitis hawe been associatd with
the presene of this bacillus or of one very closely
related to it.

(5) In rare instance it has been found to be the exciting
cau®e of malignan vegetatie endocarditis
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Thes facts at leags shav that Pfeiffer's organisn is a not
uncomma pathogené agen in man and one more especialy
related to catarrh& affectiors of the respiratoy tract They
do not, on the othea hand disprow its causa relation to
epidemtc influenza It might be argua that the origind
bacillus discovere by Pfeiffer was only one of a group of
closely-relatd organisms that it was the true cau® of epidemc
influenza and that the febrile catarrls of inter-epidemé¢ periods
were due to othea membes of the group  Sud an opinion,
was indeed put forward by Pfeiffer himself who found in
certan catarrts and broncho-pneumoni not associatd with
influenzg strairs of bacilli relatel to B. influenzae,. but in his
opinion separabd from it by certan slight morphologicd and
culturd differences : he called such strairs " pseudo-influena
bacilli." Many bacteriologiss would agree tha we may be
confoundirg unde the commm term, B. influenzas a numbe
of closel relatel species Bordets " whooping couch bacillus "
would fall into such a group and the bacillus describeé from
meningitis casa is sad to presem certan difference from the
classicé B. influenzae Very little seriots systematt work has so
far been attempta on this group of minute haemophilos bacilli.

Or again it might be argual that, even if all the forms of
the bacillus encounterd in non-epidemi times were referabé
to a single species this might comprise a numbe of serologicé
races and that true epidemt influenza was due to the sprea
of sone race of peculia virulence Sud a hypothess would
be supporte by the facts which hawe come to light concernimg
cerebro-spink fever, in which epidemt outbreals haw bee
shown to be associatd with the sprea of certan types of the
meningococcs (Gordon) or agan by the relation of certan
definite types of pneumococicwith lobar pneumonia It would,
however be pure hypothesis supportel only by such analogie
as these for the "influenza group' of bacilli does not readily
lend itself to serologich study. until the recen outbre& no
facts were forthcomirg as to the existene of well marke
serologichraces amongs$ thee organisms

Looking badk upon the experiene gainal betwee 1890 and
1918 it cannd be sad that the statws of Pfeiffers bacillus as
the caue of epidemt influenza had materialy altered No
further confirmation had been obtained nor had the observe
facts disprovel a possibe relationship Nevertheles the
establishmen of its widespred occurrene in non-epidemi
times often undea conditiors having no apparenh relation to
influenza had renderel bacteriologiss somewh& more critical
of its claims—clains which, it was felt, could only be decidal
when a new pandem¢ arose

Pfeiffer's Bacillus in the Outbreak of 1918

It was therefoe with considerald intere¢ that the bacterio
logical resuls in the recen epidemc were awaited They haw
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been conflicting, especialy so during the summe outbreak but
it is now possibe to take a gener&d survey of the repors
published from marny parts of the world. There is a striking
lack of unanimity in the opinions expressd by different workers
in differert countries and it may be added at differert periods
of the epidemic Competeh bacteriologis$ in France America
Germary and a few in this country, eithe failed to find the
bacillus or found it in a proporticn of cases so smal as seriousy
to damag@ its reputation ¢ This was particulary the cas
during the outbre& in the summe of 1918 : in the autum
outbrek& it was more commony found On the othe hamrd
mary British bacteriologists working both in this county amnd
with our forces in France were able to find the bacillus in so
mary case that they were convincel of its aetiologica role in
the disease

The first questio which arises concers the validity of the
negatiwe resuls recorded Pfeiffer's bacillus is admittedy not
an eay organisn to cultivate and its colonies on mog media
are smal and readily overlookal ; but thanks to Pfeiffers
researchg and to his discovey of its haemophile proclivities, the
methods of successfu culture had long been well known.
Shortly before the summe outbreak Levinthd had publisheal
an accoun of a new medium made with boiled blood agar
which greatly facilitated the cultivation of the bacillus while
Matthews alittle later, also describel a medium macde by the
addition of trypsinisel blood to agar on which the bacillus
grows with exception& luxuriance Thoudh some workers may
have useal thee media during the summe epidemic it is
probabk that the majority employa ordinaly huma blood
agar Sone of the failures to grow Pfeiffers bacillus are
perhap due to this cau® : it is certan that during the autumm
outbreak when the new media were more widely known and
used the proporticn of case in which the bacillus was found
and of observes who found it, was greate than had been the
cae in the summer

Such an explanatim of the facts recorda is, however
unconvincing Pfeiffers bacillus can be cultivated by an
experiencd bacteriologis without the aid of the new media
usefd as they haw proved Apart from cultivation the
bacillus when presen ininfluenza sputun or in the lung-juices
is usually there in immen® numbers and is so readily found
in well staina films that a competeh observe could hardly
overlok it. Amongg thes who hawe recorda their failure to
find the organisn are bacteriologiss of the higheg repute: the
failures were perhap more numerows in Germaly than else
where : such men as Kolle, Gruber Friedemam and mary
others failed to find it, while Uhlenhuh and Pfeiffer himsef
were puzzlael at their want of regularity in finding it. It is
expressy statel by Sobernhan that using precisey the sane
technique he uniformly failed to find it in the summe epidemt
and almog uniformly succeedé in October
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But even in Germary sone observes reportal the commm
presene of Pfeiffers bacillus for instance Simmondg at
Hamburg and Dietrich in the Germa Army, while in the
auturm mary found it. In Englard it was commony found,
even from the first: Matthews got it in ever one of a dozen
cases and Mcintosh found it frequently In the British
Armies in Frane it was the organisn mog regularly and
abundanty present thouch the figures availabk refer more
particularf to the autunmm epidemic Gibsn and Bowman
recod it in 68 per cent of the bronchid fluids examined
32 per cent of the lungs 85 per cent of the trache# scrapings
and 20 per cent of the pleurd fluids. Tytler, Janes and
Dobbin found it in 56 out of 67 case examined and Patterson
Little and Williams, in 46 cases failed only oncee to find it in
the bronch and lungs The Frend bacteriologists in Paris
and elsewhere found it commony in autumn though by no
mears always in the summer In the United States observes
were divided in their opinions The Danish observersin a
repott publishal by the Serun Institute at Copenhage sum up
againg Pfeiffer's bacillus as a caug of influenza They found
it in only 37 per cernt of the cases InBuda-Pedt it wasfound
in abundanceand in ltaly it was frequenty met with. In the
sudden outbre& at Johannesbuy in South Africa, Lister found
itin the lungs in 53 out of 56 fatd cases It may be adda
that Pfeiffer's bacillus has repeated} been cultivated from the
blood, during the epidemic but only in a smal proportian of
cases

The foregoirg is only a brief summay of some of the more
important records It makes no pretene at completenessbut
it suffices to give a fair idea of the findings. Put still more
shortly, it may be sad that during the earlie outbre of the
diseag in the summe of 1918 Pfeiffer's bacillus was found in
some countries in alarge proportion of the cases sometims in
nearly all. In othea countries it was sometims found and
sometim& not; in one country—Germany—ti was found only
exceptionaly during the summer Our troops in Mesopotama
experiencd both the summe and autunm epidemis in 1918
yet Dr. Ledingham who was then acting as pathologich con
sultant informs us tha Pfeiffer's bacillus was not found during
the epidemt in that country. In the autum epidemt it was
found more regularly everywhere even in Germany

The eviden® does not carty conviction as to the primaty
causéarelationshp of Pfeiffer's bacillus to epidemc influenza
The varying resuls cannda be correlatel with the competene of
the observers The observe facts notably the earlia negatiwe
findings in certah localities and the more gener& positive
resuls in the autumm outbreak would be bette explaina on
the assumptio that the bacillus played a very importan
seconday role in the diseaseand was not the primary infecting
agent So far as the evidene derivad from associatio with
influenza can take us, the cas for Pfeiffers bacillus mug still
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be deemé& unproven as regard its primary causd agency
though its intimate connectim with the diseag is even more
firmly establishd than before

Association with the diseag is not, however the only field
in which evidene may be sought Attempts haw been made
to suppot the eetiologica role of Pfeiffers bacillus by a study
of the specifc immunity reactions It has been shown that
specifc antibodies arise in the blood during the coure of
influenza The evidene is clea that, both by agglutinatior and
complemen fixation, such antibodies specifc for Pfeiffers
bacillus are demonstrald in a considerald proportin of
sufferes and convalescerst from influenza  Thus Hartley
examina 42 cases and the serun of 27 of thes agglutinatel
Pfeiffer's bacillus in a dilution of a leag 1 in 50. Contrd
normd seia failed to do this. Gibsmn and Bowman obtaine
very similar resuls ; severaof their casa showeal agglutinatio
with aserun dilution of 1 in 640. What is true of agglutinatio
is true also of complemen fixation, in regad to which
Wollstein's observatios may be cited In the cag of mary
disease sucth observatios would, be of high significance but
we cannd attribute to them much importane as evidene of
the primary role of Pfeiffer's organisn in influenza For it is
of such commam occurrene in the disease as a definitely
pathogené invader, that it would be strang inded if antibodies
were not formed againg it. As a matte of fac similar anti
bodies hawe bee found in influenza when looked for, againg
othe bacteria such as streptococgi which are admitted to be
merely seconday infecting agents

In anothe direction however thee immunologicd studies
in influenza havwe proved of interest for they distinctly sugges
a wide range of antigent variation in the bacillus recovere
from different cases in the same epidemic Of Hartley's cass
some agglutinatel certan strairs and not others Valentine
and Cooper reporting on agglutination and absorptim tess on
171 strairs in New York, could hardly find two which were
serologicaly alike a resut which suggest that their method
were too delicake to be of practicd value The resuls of
the complemen fixation te¢ hawe also indicatad more than one
race of the bacillus

Furthe evidene may be sough in the effeck of attemptel
immunisation againg influenza by mears of vaccine containirg
Pfeiffer's bacillus The resuls of sone of thes efforts on a
sufficiently large scale haw now been published e.g., figures
from Australia from the Home Forces of the British Army,
and from New Orleans The true significane of the figures
which at first sight are striking, is amatte for expet statistich
analysis and will be discussd elsewhee in thisreport The
figures appea to show a considerald decreas in the attak rate
amongs$ the inoculated as compare with uninoculate controls
a still greate decreas in the liability to seriows pulmonay
complications and an extraordinay diminution in the fatality of
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the diseag which, in the British Army, was only 0.12 per 1,00
in the inoculatel as again$ 2.25 per 1,00 in the uninoculated
The deah rate figures cannd be held relevan to the primary
causa role of Pfeiffers bacillus which is admittedl responsibé
for alarge proportin of the fatd pulmonay complicatiors of
influenzg even if it is held to be a seconday invader If,
however a due statisticd analyss of the figures for the attadk
rate shows them to be significant they will constitue the
stronges argumen yet brough forward in suppot of the
bacillus as the primary caug of influenza*

Attempts to conve influenza to human voluntees by
sprayirg the noee and pharymx with pure cultures of Pfeiffers
bacillus recenty isolatal from fatd case of the disease hawe
been carried out by Lister and Taylor in Souh Africa, and by
Wahl, White, and Lyall in America The experimens were on
such a smal scak that the negatiwe resuls recorde can hardly
be regarde as of seriots significance especialy as the subjecs
of the experimens were in both casesfor one reasm or another
unsuitabé ones

Evidence as regards a Filter-passing Virus in Influenza.

When as mary believed Pfeiffers bacillus was discreditel
by the findings in the summe outbre& in 1918 the attentim
of numerows observes was directad to the possibiliy of a
filter-passe as the primary caue of the disease It was
indeed difficult to think of any other alternative for Pfeiffer's
bacillus was the only known organisn with any seriows claim
to this status The charactes of the so-callel "Diplococcus
epidemicus; describ&l by sonme bacteriologists can hardly be
regardel as differentiating it from previousyy known inhab#
tants of the normd respiratoy tract

During the yea 1918 a numbe of different observes
recordel experimens with materid from influenzd cass
filtered free from ordinaly bacteria Nicolle and Lebailly first
testad the unfiltered sputun from a cas by introducirg it into
the conjunctiva and nostrils of two monkeys After an incu-
bation periad of six days the animak developé fever lasting
three days after which they remaine thin and depressed
The blood of the monkeys injected into a man produce no
effect The sputun from influenza cases diluted with saling
centrifugael and passd throuch a Chamberlad L 2 filter, was
injected into one man subcutaneougland into anothe intra-
venously No effed was producel by the intravenos injection,
but the man subcutaneougl inoculated after an incubatian
period of six days develope headack and an evenimgy rise of
temperatue lasting 11 days The blood of this case injected
into anothe man producel no effect

De la Riviere took blood from four influenza cases prove
its sterility on culture and passé it throuch a Chamberlad

* Vide pp. 64-5,149 175-6 194.
O 10699—I&c H
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L 3 filter ; he injected 4 c.c of the filtrate unde his own skin,
and after three days got headachge muscula pains and slight
fever lasting a few days ; later his pulse becane irregular.

Selte spraye his own throat and that of anothe person
with a salire filtrate of materid from, the throas of influenza
case ; both developé mild but typicd influenza

Leschle filtered sputum lung juice, and similar materid
from influenza cases diluted with saling first through three
layers of hardend filter pape and then throudgh a Chamber
land or Berkefel filter. The experimens were controlled by
cultures on ordinaly media He claimead to cultivate a filter-
passe which grew as massse of smal round bodies; he could
not grow it beyord the first generation After mary unsuc
cessfll attempts be finally succeedeé in infecting human
beings by spraying Typica influenza was producel the
sane day or on the day following, with fever and tracheitis
On ore occasim two peopke who nursel the experimenth
subjed developd influenza

Gibson Bowman and Conng carried out an elaborae
series of experimens at Abbeville during the heigh of the
epidemt amongs$ the British Expeditionay Force  They
used animd experimen only, justly remarkirg that human
experimens during the epidemc would hawe been of little
value  As a criterion of a positive resut they relied, on
heemorrhagi and inflammatoy changs in the animals lungs
identicd with thoe seen in early fatd case of influenza in
man The animabk employal were monkeys baboons rabbits
guinea-pigs and mice, and with all these successfu resuls
were obtained The techniqwe of the filtration experimens
was carefuly controlled A Chamberlad L 1 bis or F was
employed In monkeys the inoculatiors were carried out
subconjunctivaly or by nasa instillation, or both ; in rabbits
intravenousy or subcutaneousty in guinea-pig and mice,
subcutaneously With filtered material free from ordinay
bacteria positive resuls were obtainel with sputun from
early casesbut less easily in later ones ; controk with sputum
from ordinaly acue bronchitis were negative Filtered blood
from influenza cases gawe a positive resut in a mouse and a
doubtfd one in a monke ; unfiltered blood readily producel
positive resuls on mice. Passag experimens from animal to
animd were successfyl three rabbits in series yielded positive
results and an increag of virulence during passag was
noted The virus was also submittel to culture by Noguchis
method and apparemn growth of smal coccod bodies (from
0.1 to 0.2 in diameteJ was obtainel and carried on in
subcultue ; with these cultures positive resuls were obtainel
on a baboon a monkey, rabbits guinea-pigs and mice, filtered
and unfiltered extract of the lungs of sone of the animak
thus affectadl agan yielding positive resuls in further animals
The coccod bodies were cultivated from the kidneys of infected
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animals filtrates of lung tissue and filtered sputum from
cases of influenza In all successfu animd inoculatiors the
symptons appeard on the fifth to the sevenh day ; the
clinical symptons were usually slight in comparise with
the severiy of the pulmonay lesiors found after deat ; the
main lesion was a patchy haemorrhagi condition with oedema
Broncho-pneumors was neve observed

In Japan Yamanouchi Sakakimj and Iwashima made an
emulsin of the sputun of 43 influenza cases in Ringers
solution  This was injected unfiltered into the throa and
noxe in 12 healtlty persons and a Berkefel filtrate of the
emulsin into 12 othe healthy persoms in a similar manner
All, excepg six who had recenty sufferel from influenza
developd the diseag after an incubation period of two or three
days thos receivirg the filtered emulsicn equally with the
others A filtrate of the blood of influenza cases injecta into
the throa and nos of six healtly persons produce influenza
in all. Subcutaneosiinjection of filtrates of blood and sputun
into eight persors equally producel the disease excep in one
pers;m who had recenty had it. On the contray emulsiors
of Pfeiffer's bacillus alone and mixed with pneumococgi
streptococci &c, injected into the nose and throa of 14 normd
persons producel no effed at all.

Lister and Taylor experimentd in Souh Africa, in Februay
and March 1919 with filtered and unfiltered nasa washing
and sputum from case of influenzg and also with cultures of
Pfeiffer's bacillus using human voluntees and monkeys as the
subjecs of the experiments The epidemt had alread swep
the country, and the 11 volunteers who had escapd the disease
were presumabl men of high resistance With unfiltered
sputun they succeedé in infecting two men out of five, the
incubation being 36 hours but neithe men nor monkeys were
affectal when filtered materid was used nor did the applica
tion of living cultures of Pfeiffer's bacillus yield more than a
doubtfd indispositian in a single cag only.

In Germany v. Angere claimed to find and grow a filter-
passe in influenza but he does not recod experimen on man
or animals Binder and Prel also claim to haw found and
grown a filter-passe which they tem " Aenigmo-plasm
influenzae"

While it is apparen that some of the observatios sum
marisel abowe are suggestie of a filter-passe as the cau® of
influenzg it cannd be sad that any of them offer conclusiwe
prod of such a proposition Human experimentin presene
of an epidemt is a somewhé&a dangeros guide while animd
experiments howeve similar the appearance produced leawe
us in some doult as to whethe the diseas causeé was truly
epidemt influenza If we compae the descriptim of the
pulmonay lesiors upon which Gibson Bowman and Conna
relied as evidene that they had reproducd the diseag in

H 2



122

animak with materid which had passé throuch a filter, with
that given by Wollstein of the lesiors causé in her expert
mentd animak with filtrates of cultures of Pfeiffer's bacillus
it is noticeabé that they are largely identical True, there
was no long incubatian periad in Wollstein's experiments but
she injected large doses of her toxic filtrates intravenously
Oedema and hemorrhagt patche in the lungs and congestd
or haeemorrhagi trache and bronchi were presen in the one
se of experimens as in the other Indeed all who haw
experimentd with the toxin of Pfeiffers bacillus which
appeas to be a solubke one bea witnes to its selectiwe
haemorrhagi action upon the lungs

The strengh of the ca® argual by Gibsn and his
colleagus lies in the facts that there was a definite incubatian
period in their experiments that they succeedé in carrying
on the effecs through more than one generatio of animals and
that they producel them with cultures The weaknes liesin
the fact that the lesiors in their animak do not afford convincing
prod of influenza The incubation period in their experimens
was longe than in the naturally occurrig human disease and
this is true also of the experimens of Nicolle and Lebailly,
though not in thos of de la Riviere of Leschke and of the
Japanes observers

The cultivation of filter-passig organisns is notoriousy a
difficult thing, and besé with mary fallacies as Arkwright has
well pointed out in his recen criticism of the subject The
resuls so far recorde in influenza mug be receival with
caution

It is plain tha far more data are required before we can fully
accep a filter-passimg virus as the primary cau® of influenza
The mog that can be sad at the preseh momern is that a fair
ca® has been macde out for granting the possibility, some would
even s& the probability, of suc a cause

Secondary Infections in Influenza.

Whateve opinion may be held as to the primary caug of
influenza the organisns responsibé for the infections of the
respiratoy tract to which its chief terrors are due are well
known. They are Pfeiffer's bacillus the pneumococcusstrep
tococci and especialy streptococt of hemolytic type, and more
occasionaly staphylococci and othe organisns to be mentionel
in due course Pfeiffers bacillus may be placel in this categoy
without prejudie to its possibk claims to be regardel also as
the primary cau® of the disease

Uncomplicatel influenza i.e., fever and toxic constitutiond
symptons without seriows involvemen of the lower respiratoy
tract is not uncommony seen in individuad cases during an
epidemic thoudh sone degre of catarh is the rule, so that
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bronchitis would be included in any accoun of the symptoma
tology of the affection The uncomplicatd disease though
annoyirg and painful, and often attende by prostration and
followed by prolongel cardiac debility, is rarely of itseff fatal
Exactly the same is true of measles and scarleé fever ; deah
from thes affectiors is almog invariably due to complicatiors
sd up by seconday infectiors with microbes which are well
known, and are certainy not the primaty infecting agents
In all cases including influenzg the secondariy infecting
bactera are specis commony found as saprophyte of the
respiratoy trad or fauces in normd persons The normd
resistane of the healtly body prevens any harmfd invasion
But in the presene of acue infection of the respiratoy trad
by the specifc microbes of the zymotic disease in questim the
lowered resistane of the body is apt to permi of local, or even
generd invasicn by thes saprophytes which are potentially
pathogend ; and the invading bactera will be thos which
chane to be present or predominant in the affectal individual.
That is to say, the seconday invasicn may be a differert one in
two separag case of the sane disease differert in two differert
localities during the sane epidemic different on the whole, in
different epidemics Moreover when once sudc a seconday
invadea has achievel success it tends to becone exalta in
virulence by the ordinay mechanism of animd passag and
by repetiticn of the process still further exaltation of virulence
may be brough abou till it can attak healthy persons For
the seconday agens which lead to the respiratoy complicatiors
of influenza are presem in the bronchid secretios and hawe
the same opportunities for spreadig from cae to cae as the
primary causé agent There is even reasm for the belief that
the seconday infecting agents may, unde favourabé condk
tions, go on spreadig in epidemc fashion after the primary
infecting cau® has disappeared In the opinion of Macallum
the pneumonia which devastatd sone of the military camps
in the United States began as complicatiors of epidemc
measles but later sprea as epidemc pneumonia after the
measls had ceased It is thus clea tha the phenomen pre
sental by the recen pandem¢ of influenza shoull be regardd
from a doublke point of view; the outbre& of influenza per se,
is not necessaryl the same thing as the outbreals of respiratoy
complicatiors which accompanid it. There were so to speak
epidemic within the epidemic It is precisey suc considera
tions as the® that rende it so extremey difficult to determire
the position of Pfeiffers bacillus in relation to the outbre& as
a whole

Whethea or not we assiq to Pfeiffer's bacillus the primary
or seconday role, there can be no doult that it played a pan
of vag importan@ in the recen epidemc of influenza Though
we know it, at normd times as a mere ager of catarrh the
more virulent types which preval in epidemt times are more
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highly toxic and seen especialy to lead to escap of blood from
the smalle vesses$ in the lungsand bronchi It seens probabe
that we mug regad Pfeiffers bacillus as the chief cau® of the
heemorrhagi oedena and the localisel haeemorrhagi area in
the lungs which hawe been so conspicuos a feature of the late
epidemic

Next in frequeny and importance as seconday infectiors
in influenzg come the streptococciand here all are agreal that at
leag two types are concerned If, as mog bacteriologiss hawe
done we group them accordirg to Schottmullers classificatio
by their charactes on blood agar we find that his streptococcus
viridans, representig the types of feebk virulence habitually
preseth in the respiratoy tract has been very prominent often
exceedig in abundane ary othe organisn in the pulmonay
secretions It is unlikely that streptococi of this type hawe
played a part of much importan® in the phenomea of the
epidemtc ; they are notoriousy of low pathogené power, and
their abundane merely reflecs their normd frequeny in the
bronchid secretions It is otherwie with the streptococcus
hoemolyticus, an organisn which probaby correspondsin grea
part, with that more usualy known as streptococcs pyogenes
The presene of this streptococcs in the pulmonay lesiors has
been a distinguishirg featue of the epidemi¢ especialy in the
autumrm when the diseas exhibited its higheg fatality, and it was
found in the worg cases It was responsiblein conjunctim
with Pfeiffers bacillug for the hemorrhagé lesiorsin the lungs
and it was more frequenty found than Pfeiffers bacillus in the
heemorrhagi pleurisies and empyemaa which were of comma
occurrence

The pneumoeoccusdoes not appear from mog reports to
have played such an importan part as a seconday infection,
as eithe of the preceding thoudh it was not infrequenty
found in some countries Although pneumonias catarrhal
interstitid and sometims lobar, were not uncommon the
pulmonay lesion regardel by mog histologiss as characterist
of the epidemt was a hemorrhagé oedena rathea than a
pneumonia  Consideral#d variation occurred however at
different centresin the frequeng with which pneumococic were
found.

Staphylococci were noted by Tytler and his colleagus at
No. 3 Canadia Gener& Hospitd in France as the mog abun
dant organisns in the bronch after Pfeiffers bacillus This
experiene does not sean to hawe beer a generd ong though
these comma organisns were naturally found at times elsewhere
The same observes note the infrequeny of hemolytic strep
tococd in their findings.

The meningococcuswas noted in a certan numbe of case
in this country, and notabl in a group of case in Scotlard and
in cases landal from American transpors at Southampton It
is probabk that no gred significane attaches to this finding;
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when influenza attacks a perssmm who happems to be harbourirng
the meningococcs in his nasopharynxit is not unnatura that
the organisn shoull multiply in the respiratoy tract but there
is no evidene that it played any importart par in the patho
logical processs sd up.

This list of seconday infecting agens does not, of course
represeh all the organisns isolated from the lungs during the
epidemic but it includes all those which can be regarde as of
seriows import in the respiratoy complicatiors of the disease
Our information abou the bacterioloy of othe complicatiors is
too fragmentay to be summarisd here though it is probabk
that the toxins of Pfeiffers bacillus exerciseél an importart
influence on certah orgars suc as the heart

Before leaving the subjed¢ of seconday infections in
influenzg mention mug be made of the termind septicaemis
which were not infrequenty observed Blood cultures were
carried out by large numbes of observers The majority of
resuls were by all accouns negative but the large amouns of
blood now taken as comparel with the practie in 189Q
yielded a certan harves of positive results The organisns
usually found in the blood were streptococcgi both of the
viridans and haemolytt type, pneumococicand Pfeiffer's bacillus
Severd writers explicitly stae that their positive resuls were
mog frequert in advancd and sevee cases and it is a fair
conclusio that they represeh an overflow into the blood from
the pulmonay lesiors rathe than a primary septicemia It is
perhaps too, not without significane that Pfeiffer's bacillus
was not more often found in the blood than othe organisns
admitted to be seconday invaders

Summary.

A surve of the eviden® obtainel during the epidemc of
1918 as to the bacterioloy of influenza appeas to lead to the
following conclusions—

(1) The position of Pfeiffer's bacillus as the primary cau®
of the diseag has been in no way strengthened Its
ca® remairs unproven and the crucid tess to which
it has been submittel seen to indicate it rathe as a
seconday infection of the highes importane and
significane than as the primary " materies morbi."
At the sane time it cannd be assertd that as a
primary cause it is wholly out of court

(2) The evidene for a filter-passimg virus as the primaty
caue of the diseag is suggestivebut at presen a
final verdiad cannd be given.

(3) The complicatiors to which the epidemt has owed its
abnorma& fatality hawe been due to seconday infec
tions, in which Pfeiffers bacillus and the haemolytt
streptococcs hawe played a predominanh part
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