
£gIXtcut[t ALifiiwiwtff t 3hrnnuta
VOL. XI. TORONTO, JULY, 1921 No. 7

THE AETIOLOGY OF EPIDEMIIC INFLUENZA
A CRITICAL REVIEW

H. B. MAITLAND, M.B.
Assistant Professor of Pathology and Bacteriology

AND

GORDON C. CAMERON, MI.B.
Fellow in Pathology and Bacteriology

From the Department of Pathology and Bacteriology in the University of Toronto.

THE recent and widespread outbreak of epi-
demic influenza has been the occasion for

very extensive research regarding the cause of
this disease. In many places the clinical material
was only available during a short local epidemic
and for this reason the preliminary experiments
were often intensive and not fully developed until
the epidemic had passed. The present time,
therefore, would appear to be favourable for
reviewing the more important results of these
investigations.
Epidemic influenza is notably a pandemic

disease and manifests itself by an unusual nuniber
of clinical conditions. In the recent literature
there have been excellent descriptions, both
clinical and pathological. The more severe
form was the acutely fatal influenzal pneumonia.
The lungs of these cases presented pathological
findings that have only been seen during epidemics
and were recognized as typical of epidemic
influenza. There were, however, during these
periods cases of all degrees of severity, the mildest
showing only acute fever, headache, general
pains and weakness for a few days, and having
ino lung involvement. These milder cases were
considered to be epidemic influenza because
they occurred during these periods. But until

a causative agent has been found for both mild
and severe forms it will be impossible to decide
whether or not they are manifestations of the
same disease. The clinical pictures of the milder
types are seen in non-epidemic years and yet
they are not diagnosed as epidemic influenza.
No doubt sporadic cases continually occur-the
virus must in some way be maintained between
epidemics-but such cases can not at present
be recognized with sufficient certainty to furnish
experimental material. The aetiological agent
must be sought in typical cases during epidemic
periods. The sporadic cases can then be eluci-
dated by demonstrating that they result from the
same virus.
Two views regarding the nature of this virus

have occupied the attention of nmost investi-
gators. The first, originally advanced by Pfeiffer,
regards B. influenzze as the causative agent;
the second, of more recent date, believes that the
disease is due to a filterable virus. Rosenow, 1, 2
it may be added, has isolated a green producing
streptococcus from cases of influenza and obtained
experimental evidence which led him to believe
that it is the cause of influenza. His work, how-
ever, has not been confirmed.
When considering these two views in detail
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one has to keep in mind the conditions that
must be fulfilled before one is justified in con-

cluding any virus to be the cause of influenza.
An admirable discussion of this point has been
written by Fildes and McIntosh3. Briefly stated
the conditions are those which Koch laid down
for himnself in his studies on the axtiology of tuber-
culosis. These are as follows:

1. The virus should be capable of being recog-

nized in a large proportion of the cases of the
disease, preferably in relation to the chief lesion.

This may be accomplished by staining the
tissues, by cultivation on nutrient media, or by
reproduction of the disease in' animals.

2. The virus should be shown to be living.
This may be demonstrated either by growing
several generations of the virus, or by carrying
out several animal passages.

3. The virus should be capable of reproducing
the disease in other animals.

This condition offers several difficulties. The
inoculation of the animal should be made with a

pure virus. It is necessary to choose a sus-

ceptible species and a suitable route for the
introduction of the virus. Should the animal
become ill it is required to demonstrate that the
disease in question has been reproduced and to
recover the virus from the diseased animal.
The demonstration of immune bodies, par-

ticularly agglutinins in the serum of patients
is not to be considered as indicating that the
agglutinated organism is the cause of a disease.
The agglutination of B. proteus by the sera of
typhus patients is a case in point. The presence

of immune bodies, either in patients or infected
animals, is, however, of considerable confirmatory
value.

FILTERABLE VIRUS

Several workers have reported negative results
from the inoculation of volunteers and animals
with filtered materials from influenza cases.

Lister and Taylor4 sprayed the nasal cavities
of fifteen men with filtered nasal washings from
early cases.

Wahl, White and Lyall5 inoculated six men

with filtered extract of influenzal lungs by intro-
ducing it into the nose and naso-pharynx.

McIntosh3 inocullated monkeys, rabbits and
guinea pigs with filteed nasal washings, sputum
and lung juice.
Keegan6 and Roseneau7 reported similar results.

Nicolle and Lebailly8 observed symptoms of
influenza in two volunteers inoculated subcu-
taneously with filtered sputum; also in two
monkeys inoculated under the conjunctiva and
by nasal instillation with the same sputum
unfiltered.

Dujarric de la Rivizre9 was'himself inoculated
subcutaneously with filtered influenzal blood
and afterwards had symptoms of influenza.
Such negative or indefinite results can hardly

be regarded as more than suggestive.
The first extensive experiments supporting a

filterable virus as the cause of influenza were
reported by Bradford, Bashford and Wilsonl0;
Gibson, Bowman and Connor1l. The former
described a minute, filter-passing organism which
they found constantly in cases of influenza and
which they were able to grow by special cultural
methods. Inoculation of monkeys and guinea
pigs with these cultures resulted in symptoms
and lesions that were noted as typical of in-
fluenza in man. The organisms were recovered
in pure culture from the animals.

Gibson, Bownman and Connor independently
isolated an organism which both groups of
workers considered identical with that described
by Wilson. They produced "typical experimental
influenzal lesions" in monkeys, rabbits, guinea
pigs and mice by inoculating them with the
cultures, and recovered the organism from the
animals. The lesion regarded as typical was a
peculiar type of hemorrhage into the lung.
This they were able to transfer from one animal
to another by reinoculating the Berkefeld filtrate
of haemorrhagic lungs. The same lesions were
seen in animals inoculated with bloQd and sputum
from influenzal patients. Therefore the organiI-m
was considered to be the virus of the disease.
At a later date Bradford and Wilson in a note

appended to a criticism of their cultures by
Arkwright12, retracted their claim that a filter-
passing organism had been grown in pure culture
and stated that degeneration forms of bacteria
and protein particles in their cultures had been
mistaken for such an organism. This retraction
may also be applied to the work of Gibson,
Bowman and Connor, for they state that they
were in agreement with Capt. Wilson that their
"organism" was the same as he had found.
Further light has been shed on the nature of

the lesions found in the animals through experi-
ments carried out in our laboratories13, 14.
During the epidemic of influenza in Toronto
early in 1920, guinea-pigs and rabbits were
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inoculated with filtered material from influenza
cases. None bectime ill but when they were
killed a few days later approximately half of them
had lung changes. These were of two types.
The most striking lesion was haemorrhagic.
Sometimes the lungs were spotted with small
areas of haemorrhage 2 or 3 mm. in diameter,
seen on the pleural surface and on section. In
other cases they coalesced to fcrm irregular
larger areas that extended into the lung sub-
stance. The most extensive change involved
the larger part of one or more lobes. No fibrin
was seen. Congestion and haemorrhages were
occasionally found in the tracheal.mucous mem-
brane and the trachea contained frothy fluid.

Microsopically the haemorrhage varied in extent.
The smallest lesion was extravasation of red
cells into the alveolar walls. In places this broke
through the walls into the alveoli. Where it was
most extensive the air-holding tissue was almost
completely obliterated, a few empty alveoli
standing out prominently in the midst of an
area of solid haemorrhage. Various grades of the
same lesion were to be found in the same section.
In places there was also cedema. In some
cases the lumnen of the bronchi contained red
blood cells. Two striking features of the haemor-
rhage were the absence of leucocyte reaction
about it and the absence of hxemosiderin in the
cells of the lung tissue.
The second type of lesion was proliferative.

In the gross it could not always be detected.
Microscopically it consisted of a thickening of
the alveolar walls due to prolifieration of' en-
dothelial cells. Where the change was least,
the outline of the alveoli could be easily traced
but the air space of the lung was considerably
lessened. In places of greater change, single
alveoli were completely obliterated by the
proliferation; others nearby were only a small
fraction of their original size and the outline of
the alveolar walls was lost in the diffuse mass of
cells. Where this was most marked, the tissue
was solid and the air space entirely obliterated.
The cell masses included capillaries. Giant
cells were occasionally seen. A recent thrombosis
of a small branch of pulmonary artery was
associated with this type of lesion.
Although some lungs showed only proliferation

it was common to find haemorrhage as well. The
picture presented by the combination did not
suggest that the two processes had a common
cause or that one resulted from the other. Both
the haemorrhage and the proliferation occurred

alone so definitely and so frequently that their
association appeared to be accidental and could
not be construed as signifying a more funda-
mental relationship.
By passing an extract of a haemorrhagic lung

through a Berkefeld filter and reinoculating the
filtrate into another guinea pig we found that the
lesions were reproduced in the lungs of the
second animal. In one instance they were carried
through seven reinoculations, in another series
through six, and in another th ough five. By
employing a special technique an attempt was
made to obtain cultures of a virus from human
and animal material but without success. Some
of the cultures became turbid and showed very
fine regular bodies much smaller than bacteria
and very difficult to stain, but the same features.
appeared in cultures of control material. Al-
though none of these cultures contained ordinary
bacteria, guinea pigs inoculated with them showed
the typical lesions.
The haemorrhage was undoubtedly the most

singular and striking lesion in our animals and'
corresponded to that described in the articles
already mentionedl0, 11, as typical of "experi-
mental influenza" in animals. One of these
authors11, who examined our specimens in our
laboratory, agreed with us that they were the
same lesions as they had obtained.

After the Toronto epidemic had subsided we
incolulated a series of guinea pigs with control
material from healthy patients who had not had
influenza. The animals were killed after a
similar interval. In their lungs exactly the,
same lesions were found, and in the same per-
centage as after inoculation with influenzal'
material. We then killed some healthy guinea
pigs from our stock pens,-pigs that had never
been inoculated. They too showed the same
pulmonary lesions; and in order to determine
if some condition peculiar to our pens was
responsible for their production, guinea pigs
from another laboratory were killed, with the
same result. In view of these controls it was
quite apparent that the animal lpsions had no
connection with the infective agent of influenza.

Further experiments 4 were made in an en-
deavour to explain their causation and resulted
in demonstrating that the haemorrhage was an
agonal phenomenon due to the method of killing.
Our routine had been to give the animal a blow
on the back of the head. It was shown that-
haemorrhages did not occur when the guinea
pigs were killed by a sudden incision with sharp,
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pointed scissors which opened the chest wall
and the ventricles of the heart with one snip.
But they did occur, in a small percentage of
animals killed by bleeding from the vessels of the
neck or by rapid chloroform anesthesia.
The histology of the proliferative lesion showed

it to be essentially a slow inflammatory pro-
liferation of endothelial cells. The exact atio-
logical agent was not determined although there
were some reasons for suggesting that it might
be due to B. bronchisepticus.
The lesions described by Bashford, Bradford

and Wilson; Gibson, Bowman and Connor, have
thus been accounted for. They were evidently
not the result of the virus of epidemic influenza
and one is not able to deduce from their experi-
ments that such a virus is a filter-passing organism.

Similar lesions have been obtained by others
and advanced as evidence of the operation of a
filterable virus. Major Alilton W. Hall15 inoculated
filtered sputum from influenza cases into rabbits,
guinea pigs and mice. The animals showed
no uniformity of clinical symptons and many
remained in perfect health. They were killed
by a blow on the back of the neck. The lungs
showed haemorrhages, the description of which
corresponds remarkably in its details with that
which we have given above. The hamorrhagic
areas were regarded as undergoing organization
resulting in irregular masses of large mononuclear
cells, in some places retaining the outline of the
alveolar walls. The photograph of this "carni-
fication of thickened alveolar w-alls" is undoubtedly
the proliferative lesion that we have described.
The lesions were transferred through as many
as nine animal passages by reinoculation of lung
emulsion. However, when viewed in the light
of the possibility that the lung changes were
agonal phenomena or a spontaneous animal
disease, there would not appear to be any evi-
dence in them to indicate that a filterable virus
is the cause of influenza.

Olitsky and Gates, in a series of papers16,'7,18,19,
have reported experiments made during two
epidemics and the period between. They inocu-
lated rabbits intratracheally with filtered and
unfiltered nasal washings obtained from cases
of influenza during the first thirty-six hours of
symptoms. In the absence of bacterial in-
fection no animals died. They were killed by a
sharp blow which dislocated the cervical verte-
bra. The respiratory organs only were affected.
The typical pathological change consisted, in the
gross, of hamorrhage, cedema and emphysema.

The appearance of the hamorrhagic areas was
like the typical lesion we have described. Micro-
scopically the lungs showed foci of haemorrhage,
cedema and emphysema. The aveolar strands
were infiltrated with large cells of a foreign
nature. Although mononuclear cells were seen
in the alveoli and interalveolar walls there does
not seem to have been any prominent leucocytic
reaction. The oedema appears to have been
greater than in our lesions but on the whole
there is a striking resemblance between these
lungs and those we have described. A com-
parison of our sections with those figured by
Olitsky and Gates18 shows a picture almost
identical with that which we have obtained in
control animals and by special methods of
killing, and we do not feel that these lesions are
characteristically similar to those found post-
mortem in epidemic influenza in man.
By reinoculating affected lungs the lesions

were transferred through several animal passages,
rabbits and guinea-pigs being used. They found
that washings from patients later in the disease
produced lobar consolidation, when any lung
changes were found. Control animals inoculated
with washings from rnon-influenzal cases did not
show the "familiar clinical and pathological
action". A few developed lobar pneumonia
and others gave "inconstant effects".
Blood changes were also observed. The change

corresponding to the typical haemorrhagic lung
condition was a leucoptenia largely due to de-
crease in the mononuclears. The lobar in-
fections were associated with a polymorphonuclear
increase and the unaffected lungs were not
accompanied by any great change.

In a later communication20 small bodies were
described which appeared in anaerobic cultures
of influenzal material and which passed through
a Berkefeld filter. Animals inoculated with these
bodies showed a leucopsenia, a decrea e in mono-
nuclear cells, and at autopsy the typical lung
lesion.
To what extent this evidence warrants one in

concluding that these bodies are the virus of
influenza and that the typical clinical and patho-
logical changes in the animals are due to the
operation of this virus is a matter for discussion.
The typical pulmonary lesions bear a very
striking resemblance to those described in our
experiments, so great in fact that it seems probable
that. the method of killing has been a factor
in producing them. By itself the leucopxenia
has no very great significance, at best such
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changes are only corroborative evidence of
reproduced disease. The culture and recognition
of filterable organisms is open to many pitfalls
and in the absence of any more definite evidence
it would seem justifiable to wait for further
confirmatory work rather than to accept at
once this virus as the cause of epidemic influenza.
But, from the fact that with inoculation of normal
material and a definite method of killing the same

haemorrhagic picture was obtained by us, we are

not inclined to accept either the observations of
Olitsky and Gates or the English observers.
At the time of going to press, a preliminary

report of experiments by Loewe and Zernan36
has appeared. They have cultivated a minute
filter-passing organism which they state does
not appear to differ from that isolated by Olitsky
and Gates. The cultures were obtained from
nasopharyngeal washings of influenza cases.

Rabbits inoculated intratracheally were killed
after one or two days and showed "characteristic"
lesions. Cultures were obtained from the rabbit
lungs, and emulsions or filtrates of these lungs
produced similar changes in other rabbits,
several animal passages having been made.
The pulmonary lesions were of the same order as

described by Olitsky and Gates and so far as we

can determine from the preliminary report, their
experiments are open to the same criticism as we

have applied to the work of Olitsky and Gates
and the English investigators.

B. INFLUENMLE (PFEIFFER)

This organism was discovered by Pfeiffer in
1892 who advanced it as the cause of epidemic
influenza because he recovered it in pure culture
from many cases during that outbreak. He did
not succeed, however, in reproducing the disease
in animals. Further study of hamoglobinophilic
bacilli, of which Pfeiffer's organism was the
original type, revealed a large group of organisms
having the common property of requiring blood
pigment for their growth. B. influenza? formed
but one type.

Pfeiffer recognized another group which he
called pseudo-influenza bacilli. Davis21 considers
this to be a heterogeneous group, morphologically
the same as B. infiuenze, the organisms of which
have little else in common w-ith one another
except their hwemoglobinophilic property. They
have been found in a variety of diseased con-

ditions and in normal tissues.
Stillman and Bourn22 investigating sputum from

cases of influenza and pneumonia and the pharyn-
geal secretions of healthy people found typical
B. influenza? and pseudo-influenza bacilli which
differed by having the property of haemolyzing
blood agar, the typical group causing no hemno-
lysis.

It is the typical B. influenzwe of Pfeiffer that
has been considered by some to be the cause of
influenza.
During the recent pandemic it was present in a

large percentage of cases, associated with other
pyogenic organisms. The latter were regarded
as secondary invaders and chiefly consisted of
streptococcus, staphylococcus, pncumococcus, micro-
coccuts catarrhalis and B. mucosus capsulatis.
The percentage of cases in which B. influenza?

was demonstrated varied considerably both in
different localities and in the same place at
different times. This was also true of the
secondary invaders, and for this reason some
have regarded B. influenace as having the same
relation to the disease-viz., a secondary invader
following in the path of some specific virus
which had primarily affected the respiratory
organs.
However, it must be admitted that B. infiuenzce

has been demonstrated in relation to the chief
lesions of the disease in a sufficiently large per-
centage of cases to warrant one in considering
it as having fulfilled the first requirenment of
Koch's postulates. The fact that it occurs in
other diseases and may be present in normal
throats duiring epidemic periods or between them,
and that it is present in a varying proportion of
influenza cases, do not in themselves ruile out
the possibility that it might be the cause of the
epidemic disease.
The most important evidence, however, conies

from inoculation experiments.
Probably in no other connection lhave so many

volunteers offered themselves for the investi-
gation of disease.
Roseneau7 sprayed the nose, throat and eyes

of nineteen men with an emulsion of living B.
influenzwe containing thirteen strains, some of
which had been recently isolated from lungs of
fatal cases. None of the men became ill.

Lister and Taylor4 introduced into the mouth
and nose of nine men, living suspensions of three
stock strains of B. influenze. All but one re-
mained well and his illness could not be con-
sidered as an attack of influenza.
Wahl, White and Lyall5 inoculated five volun-

teers with large doses of four strains, one being
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the first subculture from a fatal case. None of
the men became ill.

Yamanouchi, Sakakirna and Iwashima23
sprayed pure cultures of B. influenzce and mixed
cultures of the common cocci into the nose and
throat of fourteeni healthy people and did not
cause any illness.

Sellards and Sturm, and Bloomfield have also
reported negative results.

Cecil and Steffen24, on the other hand, inocu-
lated the nose and throat of six volunteers, who
became ill. Two were given massive doses of
saline suspensions from agar, two received peri-
toneal exudate from a monkey, and for the last
two a blood broth culture was used. In each
case an upper respiratory infection was produced.
Considering the size of the doses the saline
suspensions caused surprisingly mild infections;
the growth from one chocolate agar slant was
used for one patient and that from two slants for
the other. Smaller doses of the fluid cultures
gave better results. The local symptoms re-
sembled an acute coryza and were miore striking
than the constitutional disturbance. "The sys-
temic reaction in the experimental disease was
not so profound as in true influenza and re-
sembled more the prostration that accompanies a
severe cold or bronchitis." The absence of fever
in the cases was also unlike epidemic influenza.
The authors conclude that "virulent bacilli,
when injected into the nose and throat of healthy
volunteers, may excite in them an acute respira-
tory disease similar in many respects to influenza,
but falling short of the typical clinical picture."
Thus attempts to reproduce epidemic in-

fluenza in man with B. influenza? have been
markedly unsuccessful and the results suggest
very strongly that this organism is not the
primary cause of the disease. There is general
agreement, however, that it played a part in
producing the pneumonias, but in the light of
these experiments it would appear to have been
present as a secondary invader.

Blake and Cecil25, 26 have worked extensively
with animals. Two groups. of monkeys were
inoculated,-one group by way of the nose and
throat, the other by intratracheal inJection-with
a strain of B. influenzae from an empyema following
influenzal pneumonia. Its virulence was in-
creased by passage through eleven mice and the
peritoneal cavity of thirteen monkeys before it
was used for the experiments.
The question arises as to what findings one

would require in the animals, as a result of

inoculation, to support B. influenzae as the cause
of the disease in man. In animals clinical
signs are suggestive but in themselves not con-
clusive. Decisive evidence would come from the
character of the pathological changes in the
respiratory organs and the association of the
xetiological agent with them. As a standard of
lung lesions to be expected from B. influenza
there are on record 27, 28 the descriptions of
human lungs from patients who have succumbed
to a pure infection of this organism.
The first group of animals consisted of twelve

monkeys which received as much as 3 c.c. of a
blood broth culture or peritoneal exudate from
another monkey. Signs of upper respiratory
infection followed, in five complicated by acute
sinusitis. None of the animals died. Nine were
killed in from three to six days. At autopsy three
showed bronchopneumonia, from two of which
B. influenzwe was recovered. But the organism
was also recovered from three without pneumonia,
although two of these had tracheo-bronchitis.
The second group comprised eleven monkeys

inoculated intratracheally. Five received massive
doses, the growth from our four or five plates
having been used for each animal. They were
killed in from two to six days. Four had broncho-
pnuemionia, but only two yielded cultures of
B. influenza. Cultures from the other two
were sterile. The fifth monkey showed tracheo-
bronchitis but no pneumonia. As a control a
massive dose of killed organisms was given to
the sixth monkey. It was killed on the sixth
day and showed bronchopneumonia. The re-
maining five received the growth from one plate
or the equivalent amount of peritoneal exudate
from another monkey. They were allowed to
live for from one to seven days. Three had
bronchopneumonia, two of which yielded no
B. influenzce, the other giving a culture from the
bronchus. The fourth had tracheo-bronchitis
and sterile cultures, and the fifth did not become
ill.
When these results are analyzed for evidence

capable of being applied to the elucidation of the
aetiology of influenza in accordance with the fore-
going discussion, it is seen that only three animals
had a bronchopneumonia associated with B.
influenza?. The monkeys inoculated with massive
doses cannot be included in the evidence because
a similar dose of dead organisms also produced,
bronchopneumonia. Six animals with lung
lesions yielded no B. influenza? and on this account
cannot be considered as satisfactory evidence,
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although it was possible that the organisms had
died out.
The bronchopneumonia of the three animals,

shown by culture to be due to B. influenzce was
compared with post-mortem lesions of human
lungs in which a pure B. influenzae infection had
occurred. There was agreement in some par-
ticulars but the pictures were not the same.
Because of this discrepancy and in view of the
lung chaniges without associated organisms, and
the production of bronchopneumonia by killed
bacteria, the value of the experiments has been
somewhat impaired. The experimental method
has considerable merit, as shown by the clear
out transference of measles to monkeys which
has recently been reported29, so that if B. in-
fluenzwe had been the virus of influenza one would
have expected more decisive results than were
obtained. A bronchopneumonia was initiated
by B. influenzae which in some respects resembled
the human lesions but it is not possible to con-
clude from the experiments that this organisin
is the cause of epidemic influenza. In fact the
authors themselves do not make this claim.
The theory has been advanced that a special

strain of B. infiuenze with a markedly exalted
virulence might have accounted for the epidemic.
That variations exist has been demonstrated by
several observers.

Cohen30 found that strains from meningitis
differed in agglutination and protection experi-
ments and produced a fatal septicaemia in rabbits.

Stillman and Bourn22 have made cultural
distinctions in the production of indole and the
fermentation of saccharose.

Recently in this laboratory two strains of
B. influenzce have been isolated from the same
patient, one from the sputum the other from the
lung at autopsy. The former was a coccoid
bacillus, fairly uniform in size and shape, the
latter a slender bacillus whose length was 1.5 to
4 times the width. The difference in morphology
definitely indicated that the organisms wer not
alike and this was further borne out by ag-
glutination. An immune rabbit serum prepared
from a third strain, having a titre of 1 in 2560
for the homologous organism, agglutinated the
autopsy strain in a dilution of 1 in 1280 and failed
to agglutinate the sputum strain in a dilution of
1 in 20.
Thus the $nding of B. influenzce in sputum

should be controlled whenever possible by
culture at autopsy since the strain in the sputum
may not be identical with the one obtained

from the diseased tissue. As the latter organism
is the one likely to be taking part in the in-
fection the culturing of sputum only, may lead
to inaccurate conclusions.

Bell31 has noted three main morphological
types, the two we have just mentioned and a
third, consisting of fairly long slender straight
or curved bacilli with pointed ends, which we
have also seen. These types did not correspond
to agglutination groups. In one case two strains,
isolated from one plate, differed in morphology
but were identical by agglutination tests. In
another case three strains isolated from the
same plate differed in both mo-phology and
agglutination. Most of his strains were not
alike and he concluded that the group is hetero-
geneous but that identical strains do occur.

Valentine and Cooper32 in Park's laboratory
did agglutination and agglutinin absorption
tests on 171 strains with 25 sera and could not
detect any serological relationship by this means.
Continuing this work in the same laboratory
Povitsky and Denny33 obtained similar results.
They found that 185 strains from inifuenza
cases were almost unrelated, five being the
largest number to fall into any one group. Some
meningitis strains had more in common, four
out of seven belonging to the same type.
Cocoa and Kelly34 have confirmed the r sults

of Valentine and, Cooper. The argument has
been advanced by Park35 and his assistants,
supported by Cocoa and Kelly, that if B. in-
fluenzce had been the primary wtiological agent a
pandemic strain would hav existed, and there-
fore organisms obtained from cases in different
places and at different times would have be-
longed to one type as revealed by agglutination
tests. But the results did not reveal any such
pandemic strain and therefore they belive the
conclusion is warranted that B. influenzce is not
the primary iinfecting agent.

SUMMARY

At present we believe there is not sufficient
evidence to indicate what is the cause of epidemic
influenza. There is no experimental certainty
that the virus is a filter-passer. The experi-
ments which favour this view have been criticized
in the light of results obtained in this laboratory.

B. influenza? i undoubtedly present in a large
but varying percentage of cases, and is a factor
in producing the pathological complex of the
disease. However, the failures to inoculate man
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form impressive evidence that it is not the primary
infecting agent. The failure of animal inoculation
and the absence of a pandemic strain are further
facts in support of this view. The evidence
favours the opinion that B. influenzae is a secondary
invader.
The difficulties of making any advance in the

problem arise mainly from the want of exact
knowledge as to the essential lesions of the milder
forms of epidemic influenza, and therefore of the
lesions in animals which would indicate a repro-
duction of the disease.
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