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some symmetry, to realize the ideals of its founders, and
only erred in evincing timidity in recognizing tlhe need for
an Imperial Sellool of Science and researchl as distinict
from a local instituition. Somethiing not dissimilar has
previously occurred in Medicine.

VIRTUALLY A SCIENCE UNIVERSITY.
I have described this confederation of colleges as

virtually a science and teclhnical uniiversity, and the
plhrase may stand. It has been taken to assume the
formation of a uni faculty university, and is regarded as
at once a heresy and a paradox. It is neither. 'lihe pro-
posal is for a three-faculty university-science, mining,
and engineering. I am not myself wedded to tile plhrase,
but if an imperial ideal has been the tlhouglht fundamental
wlhiclh lhas all througlh led to the establislhment of tile'
College, the dependence of suchl an imperial institution
upon other universities for its academic distinctions is
surely destructive of tlje imnperial ideal. Nor is tlle idea
distinctive of the Imperial College. It exists elsewlhere in
other branches of work, and may find realization later by
the coalescence of simiilar movements inito an ImIperial
University. However' that may be, tlhis trend of thought'
has definitely inflnenced,,tbe character of the teaclling and
the research at Kensingtnm, as was intended, and it would
be folly to depart from a policy so thoroughly considered,
and upon wlhich so much money and effort has been
lavislhed.
The institutiou has been established for the vocational

training of men intended for the professions of chemistry,
the various branches of engineering, economic biology, etc.,
and this vocational training requires for its essential sub-
structure a wide general scientitic training of such a kind
that the special courses in the special professions are all
founded on common courses in science. The system of
training is that still known as the Huxley system. The
tutorial and laboratory method characterizes it at everypart.
The students in the departments of physics, chemistry,
geology, etc.., learn the use of instruments by handling them
until technique and scientific metlhod become part of their
very- being. Set lectures are reduced to a minimum. The
student may be said to discover for himsolf under the in-
spiration of his-tutors. The applications of science'serve
as the models to illustrate the principles. The ample
equipment renders, possible the, adoption of a 'system
whilci avoids dependence for its teachling on textbooks and
demonstrations.

A LESSON AND A MODEL FOR MEDICINE.
In tle daily round of mv own duties as servus profe8-

eorurn it would be strange indeed if miy tlhouglhts di'd not
frequently turn to miy own profession and its splendid,
possibilities in the educational sphere, especially in
London. It often strikes me that the parallel between
medicine, chemistry, biology,' mining, etc., is complete.
Th-e foundations are 'tlhe same, and only the applications
are different. At a' particular period in his career at the
Imperial College a student of any of the departments of
knowledge could be di'verted to- medicine without delay or
disadvantage, for, as I have said, the foundations are the
same. Tile systems and methods of Kensington are,
applicable to medicine, and since they are costly they
could only have been attained by combination of effort
amongst the thjree constituent colleges.

Is there not in the history of the Kensington move-
ments an example which may well be followed bv the
London nmedical sclhools? If the individuality of the
separate scllools here is retained while a coiubined effort
for mutual assistance and support is sustained in the con-
federation of collqges, why shiould not the same system
operate in medicine -It is true thiat combination of effort
is difficult to secure in medicine, but, after all, in my ex-
perience, it is no less diffic,ult in other professions. It
miust not be, supposed that thle ,path of the reformer at
Kensington has been strewn with roses any more than it
is anywhere else.' All thlat can be said is that a nense of
a common misfortune has proved stronger than' vested
interes'ts. The tendency in medicine is centrifugal.
,'Combination,'di3cipline, establishment of principles have

qarried Kensi,ngtoni~ as far a~it' has' yet gone. S(imilar|
efforts in London medicine should lead to similar'tresults,
and oners.ay per*tuniwemaysee,dic.Lone don andelr where,,
an Imperial Schlool of Medicine, au Imperial School of

Law, an Imperial School of Art, as we hiave to-day an
Imperial Schiool of Scietnce and Techlnology. It may be
the mission of the Universities Bureau to bting togetlher
the now scattered elements of suclh a. confederation for the
formation of a great Imperial University.
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IN the account of a research on the action of ozoneI carried
out some years ago with M. Flack, after pointing. .out the
poisonous action of too high concentrations on the lung,
and the oedema and pneumonic condition produced thereby,
and that very low concentrations could safely be used to
add a quality to the air and take away offentive smell, we
added the opinion " that ozone might possibly have some
value in the treatmqet of disease of the respiratory tract
if used in a concentration which produced a siglit irritation
and thus brouglht more blood and tissue lymph to the par

Observations have demonstrated that the concentratioi.
whiich can safely be used in ventilation does not destroy
bacteria in the air, and inhibits their growth on media
slightly if at all. The respiratory membrane is much
more easily attacked than the mnicro-organisms protected
by their waxy or other resistant cuticle.
A poison gas like ozone, phosagene, or chlorine,, when

inhaled is concentrated by solution in the secretion cover
ing the membrane, and the membrane defends itself by
secreting fluid and so diluting and washing away the
poison; hence the oedema of the lung, wlhich increasing
finally puts an end to the gaseous exchange and droWnu
the subject. The membrane responds in the same way to
bacterial toxins.
Ilow much a poison gas may liave to be concentrated is

shown by some experiments we carried out in 1915 oen
ciliated epithelium. Whlile 1 in 100,000 of chlorine by
volume is too irrit0ting to breathe, it took over 1, in 40,000
by volume of chlorine to stop. t4e movement of the cilia
when chlorine water was added to the preparation.,

In the case of, smells, while it is true of certain
substances that, 1 in 100 million parts of air 'may be
smelt, yet concentration of unknown extent muqt in this
case also take place in the fluid bathing the olfactory
sense organ. The act of sniffing, by directing the air 4n
to one part of the membrane, must bring about this
concentration.

In researches on the influence of atmospheric conditionx
on the nose2 I have put forward the important influence
wlicil cool air-cool and therefore of low vapour tension-
has on bringing mnore arterial' blood to the respiratory
membrane, and increasing evaporation from and therefore
flow of tissue lymph thiroughi it. Warm moist athni6gpheres
are against this niatural washling and immunizing defence.
In this, I claim, lies one explanation of the good effect of
open air treatmaent, and the ill effect of crowded tenements.
Exercise in tlje open air, by increasing the breathing
perilaps five times, greatly increases the blood flow through
and evaporation from the respiratory metnbrane, and in
this lies one of the good effects of exercise. At Alpine
healthi resorts the air is not only cool, but owing to its
tenuity a greater volume must be breathed.
By some observations made in the recent speli of frosty

weather, breathing first in and out of the nose, next
in by the nose and out through the mouthi, then in by
the mouth and out thiroughi the nose, lastly in and out
throughi the moutlh, and taking the temperature, with a
tlhernio-junctioIl inserted far back in the nose, I find the
cooling, and therefore the evaporative, power of:the air
is by no means spent in the nose, but acts on the deeper
parts and probably right down to the smaller tubes of the
lupg. Especially is this the case whien the breathing
ta made deep and' the lungs fuljy expanded. A;ipan may
in an hour easily evaporate an ounce and a half of water
from his membrane whlen taking.exercise in c'1& weather.

Thlre, is another thing to consider, namely, the actual
cooling of the rtmbrane, which nmay check the growth of
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sensitive pathogenic bacteria-for example, those of cerebro-
spinal fever. Hence, again, tlje ill effects of crowded hjuts
and tenements in spreading respiratory diseases. Mouth
breatljinjg, or a blocked airwav on one siile of the nose,
keeps tlje nose (or one side of it) at a ljigher temperature,
and makes it a better incubator for the growtlh of such
bacteria, wlhile it lessens blood flow thlroughi and evapora-
tion from it.
There is some evidence (tlhis is now being investigated)

that workers in S02 factories are relatively free from
colds, also those in comliiercial gasw rks; clhemical
manufactuiers, as a class, lhave a low plhtlhisis miortaity
rate; thle taking of ordinary snuff htas been praised for
keeping off influenza; nose-drill and the daily use of somIe
mild "nti*eptic as a nasal wasih, snuff, or spray are
recommended for the same purpose; and recently evi-
dence has come fortlh of considerable interest-namely,
that the clerks in ce-tain offices of the electric tube
railways ventilated witlh ozone-air lhad 3 per cent. of
absences in the late 6epidemic, while the clerks in tlhe
otlher offlces, not so ventilated, lhad 10 per cent. All
these auencies, just as the sntiseptics used by surgeons in
woundk, and Almrot-h Wriglht's salt treatment, lhave the
effect of drawing out lymphp, and so waslhing and cleanising
tle part. In thje case of the respiratory memijbrane they
take the place of the natural action of- breatlhing the
cool outside air. Probably tobacco-smoking in sedentary
indoor Workers brings about an increased outflow of
lympb required by the membrane. The need for smoking
is not felt when taking vigorous exercise in tlhe open air.
Thie smelling salts which used to be popular must play
the same part.
To combat the influenza infection, then, I would urge

the deep breathing of cool air, brotight about by exercise,
sleeping in open air, and as an adjunct any spra.y, gargle,
or snuff wlhich enlhances the outflow of secretion from
the respiratory membrane of the nose and tlhroat.

Th1e wearing of a ma-k by raisiiig the temperature and
hunjidity of the air breatlhed is against the natural defen-
sive meclhanism. People must eat and speak touetlher,
and will continue to kiss. Thle public may in time be
taught Fo sneeze and Co1gh into handkerchiefs or news-
papers and not at larg4, `4sd so les'sn the dissemitoatiou
of infected -spray. Public conveyances, canteens, schools,
cinemas, etc., require to be far more freely ventilated, but.
infectioi cannot be prevented by such mesans. The naturJal
defence nitst be raised bytlhe disciplinei of open-airexercise
and by'pioper housing, and until thiis is brough-t about the
public will continue to ie' scourged by diseases whlich kill,
maim, and impoverish: far' miore than the }ate war.

Experiments for Determining the Temperature of
f.; 4 the Nose.

SUBJECT H.-Left side of nose largely blocked by deflected
septum; right side of nose quite free. Temperature of air
1.50 C.

Tempqrature of left side of nose-
1ngpiring througlh nose, expiring through mouth ... 30.6° C.

moiubh ,, ,, nose ... 32.3
Tem0erature of right side of nose-

InsDiring through no-e, expiring through nose .,. 30.0 c
nose ,, ,, mouth.. 28 0
mouth ,, ,, nose .. 33.3

Very cold early morning, just after bath and dressing.
Temperature of air -5° C.

Temperature of right side of nose-
Inspiring through nose, expiring through nose ... 21.4° C.

nose ,, , , mouth ... 19.0
mouth ,, iouth ... 27.1
mouth ,, ,, nose ... 27.1

After tobogganing:
Temperature of righbt side of nose-

Inspiring through nose, expiring through nose* ... 2R.50 C.
nose ,, ,, noset 26.6
mouth ,, , nose 30.0

,, nose ,, ,. mouthf... 24.3
Quiet breathing.. t Deep breathing.

Warm after two hours' walking:
Temperature of right side 6t niose-

Insbiring through nose., expiring through nose ... 31.10 C.
nose ., , mouth 31.1
illoutb ,, , hose 33.3

SUBJECT ll. A.-Observations taken in open air, after restinh
in warm r6gom. Temperature of air -1.20C.

Temperature of 0eose-
Itipi*ihg through nose, expiring through n6se : 33.8°aC-
- . -'?.i. nose,, , ,, nouth... 32.8

mouth, It mouth ... 34.4mout ., ,, 'niei . 34.4~

After walking fast for forty-filve minutes, but not heated
by the exercise. Temperature of air-0.5° C.

Temperature of nose-
bmpi ing through nose, expiring through nose ... 29.6° C.

nose ,, ,, mouth ... 26.8
,,, moth I,s, mouth ... 32.8

mouth St ,, nose ... 34.1
The- nose was warmer in the fourth observation than in the

thir(d because it had had more time to warm up after being
cooled during the seconui observationi.
The same stubject, very warm after an hour's skating and

rapidly waiking back.
Temperature of nose-'

lnspiring through nose, expiring through nose ... 37 400.
nose ,, ,, mouth ... 37.4
month ,, ,, mouth ... 37.4
,Imouth ,, ,, nose ... 37.4

The membrane at the back of the nose in contact with the
thermo-juInction was sufticienitly flushed with blood through
hard exercise to keep ti e junction at blood heat whatever tihe
manner of breathing was.

Estimation of the Water Evaporated, and Heat Lost fromt tha
Membrane, which Determsne the Flow of Arterial flood (int
Lymph through it.

Observations taken at open winidow. Fine, overcast, stow oui
the grounid. Temperature outside window:. Wet bulb, 1° C.;
dey bulb, 10 C.

Temperature of nose-
Inspiring through nose, expiring -"urough nose ... 31.80 C.

nose ,, . ,, mouth ... 29.8
mouth ,, ,, mouth ... 32.4
mouth ,, ,, nose ... 32.4

Volume of air expired in 10 minutes, collected by means of
a mouthpiece, suitable valves, and a bag = 68 litres (pressure
759.5; temperature = 279 abs.).

Volume of air expired in 1 hour = 408 litres = 408 x 2
=401 at p = 759.5; T = 274 abs. 279

That is, volume of air inspired at 10 C. (274 abs.) = 401 litres;
401 litres saturate(d at 274 abs. contain 5.18 x 0.401 gram H20.
Now the 40llitres inispired at 274abs. will at 304.8 abs.occupya

volume 401 x 3. -- 446 litres, an(l will tlherefore contain
274

33.10 x 0.446 gram H2O. (See tables of mass of water contained
in saturated air at differenit temperatures.*)

No. of grams H20 evaporated per hotr F 33.10 X 0.446
-5.18 x 0.401 14.76 -2.18 12.58.

Exercise, might raise this to 60 to 120 granm per hour.
Beat required to evaporate 12.58 grams = 12.58 x 598 = 7523

gram calories,
Now 'tlhe heat required to 'raise a volume V of air in o.c. a'

temperature T and pressure p thrtough t0'0.i"s--

Vx 2 x x C x 0.622 x 5x t.
T 760

Where C = density of dry air; S = sp. heat of air.
Heat required to raise 401,000 c.c. at 2740 abs. and 759.5 mm.

pressure through 31.8 - 1 30.80 C. is
273 759.5401,000 x _ x XX 0.001293 x 022; x 0.242 x 30.8
24 760

- 2393 gram calories.,
Totl heat required to raise 401 litres of air saturated at 10 to

31.80 C. artd saturate at tl;at temperature is 2393 + 7523 = 9916
gram calories, or 10 kg. calories.
Exercise mijyight raise this to 50 to 100 kg. calories per hour.
Observations taken sitting in a room, gas fire burning.

Temperature of room: Wetbulb, 4.80; dry btulb, 5.60; dew-
poinit, 3.70 C.

Temperature of nose-
Inspiring through nose, expiring through nose ... 31.6°C.

nose ,, ,, routh ... 30.6
mouth , ,. mouth ... 33.6
mouth ,, ,, nose ... 33.8

Volume of air expired in ten minutes = 61-5 litres; (p = 759.5;
T. 279 abs.).

Voliime inspired in one hour = 369 litres, against 401 litres
for the open air.
A difference is clear, witlhout carrying through the full

calculation, between- the frosty open air and this very cold
room. It is very great between cold and warm humid air,
and tlle sudden change from one to the other obviously
strains the functions of the membrane. The body is pro-
tected bv clothes-not so the respiiratory membrane.
Hence tlht need to stay in a uniform atmnosphere when
infected w1ith a catarrh.
A further discussion of this subject, and of the influence

of open air and exercise on- mnetabolism-a subject of no
less importance-will be given in a report on "The Science
*Ma;s, of wter vapour in gramis per c. metre ot saurated air

.32" F.. 6Si 60"F.P 31 1000 U'.48

I
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of Ventilattion and Opetn-air Treatnwent," to be published
by the Medical Research Committee, the first part of which
is now in the press.
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CAUSE, PRE3VENTION, AND TREATMENT OF
INFLUENZA.*

B-y W. M. CROFTON, M.D.,
LECTURER IN SPECIAL PATHOLOQY, UNIVERISITY COLLEGE,

DUBLIN; VISITING PHYSICIAN OF NATIONAL
HOSPITAL FOR CONSUMPTION.

DURING the first epidemic in Dublin last summer I isolated
the Bacillus influenzae (Pfeiffer) without difficulty from
the respiratory discharges of the first patients investigated.
The culture medium I use as a routine is agar + 10 in
reaction carefully made according to Eyre's directions and
containing 1 c.cm. of fresh defibrinated unheated blood
to each 10 c.cm. It will grow any aerobic pathogenic
microbe with facility and profusion, not only the
B. influtenzae, but such difficult customers as Micrococcus
meningitidis, M. melitensis, and even the gonococcus.

It appeared, therefore, very significant that in all my
years of routine cultures of sputum I had not come across
a microbe satisfying the cultural characteristics of the
influtenza microbe until the present epidemic.
There are several reasons why this bacilltus hias come

under suspicion as the cause of tile epidemic:
1. It has not been grown when present in the

discharges.
2. It has often not been recognized when it has

been grown.
3. Other microbes, ordinary catarrh - producing

mnicrobes, suclh as members of the pneumo-strepto-
coccus group and M. catarrhalis group, always grow,
and since noiie of them can conceivably be lheld to
account for a pandemic, a filter passer is thought to
be responsible.

-1. Certain conditions are necessary for the cultivation of
blie influeniza bacillus. It rapidly dies out if allowed to
tool to roomu temperature. Therefore the disclharges Imiust
be got to the laboratory in the shortest timne and kept
varmii if possible. The medium must be suitable-suclh a
one as I have described above, which for vaccine making
purposes is far the most suitable owing to tlhe hormonic
influence of the fresh human blood on the bacillus. Tlle
commonly used blood smneared agar gives very poor results.
Fildes, Baker, and Thompson,1 when using this medium,
failed to isolate the bacillus, but when they used a more
suitable medium-l they succeeded constantly, and caiue to
the conclusion that it was the cause. Otlhers-for example,
Macintosh-have isolated it in over 80 per cernt. of cases.
Has any one ever is3lated this bacillus in such percentages
from any series of oases of respiratory catarrh apart from
an epidemic of influQnza ? Orn thle blood smeared agar at
the end of twenty-four to forty-eight hours the bacillus
forms tiny dewdtop-like colonies which are very difficult
to see. On mily myediuiim the colonies at the end of forty-
eight hours muay be several millimetres in diameter, are
smootlh, round, and lhave a ground-glass appearance.

2. At the end of twenty-four lhours, when just isolated,
the individual microbes are exceedingly small, and are
often quite indistinguishable from cocci, especially if the
magnitication is not sufficiently hjigh. Three times lhave I
known the bacillus to be mnistaken for bocci aind the
amicrobe said to beloug to the Ml. catarrhalis group.
Isolated fromn the cerebro-spinal fluid in a case of cerebro-
spinal mieningitis, I have known it to be mistaken at first
for the meningococcus. In this respect the bacillus is not
singular; for many years the bacillus of Mediterranean
fever was thought to be a coccus, hence its name,
M. mizelitensis; on suitable mediunm it invariably grows as
a bacillus. So, too, young colonies of B. coli consist often
of solely coccal forms, which become bacilli on further
growth.

3. The microbes well kmown as catarrlh-producing, such
as members of the M. catarrhalis or the pneumo-strepto-
coccus groups, can at once be dismissed as causes of the

* lJead before the Medical Society, Univ-ersity College, Dublin.

pa-ndernic. None of them have ever been known to pro-
duce a pandemic. All of them are, of course, capable of
producing epidemics and are responsible for the annual
occurrences of pseudo-influenza. More recently certain
very minute Gram-positive anaerobic microbes have been
isolated in Frauce in trench tever, polyneuritis, influenza,
mneasles, rose measles, and two cases of typphus. They all
appear to be similar and to have produced ill-ness of very
much the same type when injected into animals. They
have also been isolated from the excreta of infected lice.
I have no doubt such microbes do exist and do produce
disease, but do they produce influenza? QuLite similar
microbes lhave been isolated from epidemnic cerebro-spinal
meningitis, from which t-he meningococcus can always
be isolated. Does the filter passer produce this disease?
If it does, we must stop using antiserum. It is important
to remember that filter-passing Gram-positive cocci have
before been isolated fromn cases of anterior poliomyelitis,
and have been proved to be a plhase in the life-history
of streptococci and to lhave pr-oduced the disease in
monkeys. Furtler, anaerobically and otlherwise, strepto
cocci can be grown so sm-all tlhat btey pass throug,h the
Berkefeld and the coarser pcrcelain filters. I hiave mi1ade
experiments withl suclh a stolid microbe as the Stap/tylo-
coccut aurues, and by varying the constitution of th.
medium have been able to nmake it vary in size from
minute almost invisible dots to giant for-ms. It is well
recognized that the tubercle bacillus can infect by such
minuite fotms. Now streptococci of various sorts are
constant inhabitants of the mouith and respiratory
passages; they are always prepared to becomne pathiogenic
and complicate othier infections. I suggest that in these
cases these filter passers may be forms of streptococei
or complicating infections 8si yeneris.

Tlhe result of prophylactic inoculation with the antigen
of the pure influeuza bacillus adds great weiglht to the
evidence for it as the cause. It is extremely easy to
deceive oneself in this respect, because the inci(lence of
the infection cannot absolutely be known. For instance,
I know of one school of over 150 boys, all of wlhomii got
prophylactic iinjections, and none of them got the disease
althoughl it was raging in the vicinity. Dr. Paarsons
relates his experience of a school in wlichl 30 per cent. of
the boys got thle disease. Half of the rest of the boys were
then inioculated and half not. None of tlhem, either
inoculated or uninoculated, got the disease. Dr. Cremin,
of Newcastle West, informs me that he inoculated 52
people in the midst of the epidemic, and only two mild
cases occurred amongst them. On the other lhand, much
more significance is to be attached to the followina results,
because we lhave an indication of the extent of the infec-
tion. Dr. Keelan, of Mullingar, inoculated four members
of the staff of forty-one of a racing establishmnent-all the
uninocu!ated got the disease, not one of the inoculated.
Armong the students of University College, Dublin, of
182 uninoculated, 43.95 per cent. contracted the disease;
of 113 inoculated, 21.2 per cent. contracted the disease, and
of these all but 14.42 per cent. contracted it within twenty.
four lhours of inoculation; 14 per cent. as against 44 per
cent. is a very remarkable contrast. If I had eliminated
those who coutracted it outside the thlee or four days'
incubation limit tlle contrast would be still inore remark-
able. Among the attendants at Mullingar District Asylum
only 4 per cent. of tlle inoculated developed the disease,
over 50 per cent. of the uninoculated.

I think, then, it is certain that this pure influenza
antigen had a miarked prophylactic effect. The doses used
were only 25 million in tllose who had colds and 50 miiillion
in those who felt normal. If I were doing it again I shiould
not give more than 10 million to those wh1o felt tired or
-had a slight headache, as tlley probably have the disease,
and 25 million is too large a dose.

It is interesting to relate that several apparently quite
normal persons lhave reacted to different doses and lave
lhad symptomls, lasting usually only aif lhour or two, exactly
like those of influenza namely, frontal and occipital hlead-
aclhe, pains in the back and limabs, and severe malaise. I
know of no other. antigen wlhich produces symptoms quite
1like these.

It is very important that the stock influenza vaccine
shlould be potent. Making large quantities involvebs ex-
tensive subciiltuwing. If the medium does not contain a
substancefor example, fresh human blood-to induce the
microbes to produce their specific toxins, they lose to a


