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SINCE th1e results of otur, pLelilminary experimenits 'weire
reported in the B13,1ZITISu MIEDICAL JOURNAL of December
14tlh, 1918,1 in, an,article entitled "A .Filtrable Virus as tlhe
Cauise of tlhe Early Stage of thbe Presenit Epidemic of
Influenza," furthe'r' work lias beeni carried out which
conifirms that already reported. We lhave also attempted
to cultivate the "filtrabte' virus" of influenza and hlave
made experiments in tlhe transmission of the disease to
animals by inoculation witlh tihe cu1tuncs so obtainecl.-
These cultural experlmepts vere suggested by one of
us (H. G. G.) at an early' stage of the work, and later,
a paper by G. Foster,2 to whichl we lhad access, clearly
showed that this part of the work might prove to be a very
important part of the investigation.
A full report of the work witlh whiclh this article deals

with complete data and plates, will appear later.' The

present report is merely a summary of tlle work done to
date and is framed in as concentrated a form as; possible.
It is forwarded at this time in order that other workers
wise may be engaged in the investigation of.'influenza may
have the opportunity of knowinlg on what lines we have
been working and the results that we have obtained.
The animals uised by us for experimental purposes have

been baboons, Matcacits rhesus monkeys, rabbits, guinea-
pigs, and mice. By the inoculation of spuLtumn, botli filtered
and unfiltered, from cases of influenza, we have succeeded
in producing, in all these animals, lesions that appear
similar to those seen in human cases of the disease.
For experiments witlh blood transmission we used M.

rh'esus monkeys and mice. Although the results obtained
in the only two cases in whichl monkeys were inoculated
with bluod were -.not wllollv satisfactory, the oxperiments
witlh mice gave a high percentage of positive results, and it
seems to be possible to transmit the virus by means of in-
fected blood to the latter animals. It should be noted that
tlle mice received a very much larger dose per body weight
than the monkeys, and this f[ctor, no doubt, played a part
in the results obtained.
With cultures it was found to be possible to infect

monkeys, rabbits, guitiea-pigs, and 'mice. -Owing to tlhe
grave nature of the influenza epidemic in progress, it wsas
not tlhought advisable to attempt any experiments in the
transmission -of the disease to h-uman volLunteers, both on
-account of- the danger involved and owing to tlle -fact -that
there would have been no guarantee, in the face of so
wvidely spread an epidemic, that the individual to be ex-

perimented upon had not already been exposed to infection.
A general description of the clinical symptoms and the

pathological lesions found po8t morte6l is not iniciuded
and will appear in a later report to the Medical Researchl
Comnmittee, as will also certain details regarding the pre-
paration of material for inoculation.

ANIMAL INOCULATION AND CULTURAL 'EXPERI-
MIENTS WITH FILTRABLE VIRUS.

The work may be divided into four parts:
1. Inoculation of animals with sputum from cases

of influenza.
11. Inoculation of animals with blood from cases of

influeenza.
III. Passage of the virtus frow animal to animal.
IV. Cutltural experiments and inoculation of culltures

into animals.

I. INOCULATION OF ANINIALS WITH SPUTUM1 FROMf
CASES OF INF ILUENZA.T.

Soutrce of Infected Material.
The sputtum used was, as a 'rule collected as early

as possible in the disease. As uncomplicatdcl cases of

I influenza as a rule present a pyrexial period of ouly a

few days' duration, we considered that it would be during
those fe*wdays' thlat-'-c sh1ould bi'ava tlie'--gieatdst chance6
of iecovering the virus. As a rule, a certain amount of
sputum was obtainable on the second or tlhird day, and
tllis, generally speaking, was frothy, of 'a grovislh-yellow
colouLr, teniaciotus, often muarkedly blood-stained, andldid
not present the nummnilar appearance' seen in cases of
br onchitis.

|Method f Itiioiulatiof aad Size of Dose Gin-en.
Emulsions of unlfiltered and filtered sputum were inoculated

I by the same routes and the size of the dose was the same in
each case. When dealing with monlieys the method of ad-
ministration of unfiltered sputum reported by Nicolle and
Lebailly was followed. This consisted in injecting 0.25 o.cmi. of
the emulsion uinder the conjunctiva of eaclh eye and instilling
0.5 c.cm. of the emulsion up the aniimal's niose. In one instance
we inoculated onie monikey by the conjunctival route alone; andf
gave another monkey 0.5 c.em. of the same filtrate up its nostrils
alone. The former gave a positive result, while the latter
proved negative. Rabbits *vere given 1.2 c.cm. of the filtere(t
sputum eithler intravenousty. or. subcutaneously ; positive
results were obtained by both methods. Gtuinea-pigs and mice
were always inoculated subcutaneously wbether, unifiltered or
filtered sputum, was used. Guinea-pigs were usually given
1 c.cm., anid i'iice, when uSed, received 0.25- c.cm. ot the
unfiltered or filtered sputmni.

' W~~~Rsultls.
In dealing wyith the r'esults obtainied it is convenient to

separate tlle various aniimals employed inito differeint
groups.

Monkeys.-We may divide these into kwo maain. groups accord-
inig to whetlher the sputuim used aT thd inifecting agent was
taken from the patient during the first tlhree days of the disease
or at a later date. The results are shown in the subjoineil
table:

GRouP I.-Spution Collected E,oa rl.

Day of Disease
Type of MIonlkey. MAateriallUsedt for on x'hich ResltTypeoflone3% InocLulationi. Sijutuni wasI

Taken.

1. -d. rhests IUfiltered sputumi Thuird Positive

2. .M. rhestus Unifiltered sputumii Third Doubtful

3. Md. rhesus Filtered sputtum. Third Posifivo
4. M. rhesus Filtered 'sputumi Thli; Positiv, ;
5. M. rhesus Filtered sputum Seeoind-tlhiid ,Positive
6. MT. rhesuis Filtered sputumi Positive

7. Ml. rhesus Filtered sputitiu Third Negative

Thfis gives 80 per cent. positive" results amoul-g the' 3I. IiresIs
monkeys inoculated wi-th fiite,-ed sputum taken.. from cases ot
influenza before the end of the third day of the dis&ase. 'Out of

the two monkeys inoeulated' with unfiltered sputum, take1i
during the same period, one positive result waS obtained, and

in the other instance, although th6e macrosc'opic examination
revealed little, the microscope showed patches of acute inflan-
mation with the typical :inflammatory exudate. -Thus 85.7 per
cent. of all monkeys itioculated with sputuim, filtered or other-
wise, gave positive results, if the doubtful case is included; if'
excluded, 71.4 per cent. were positive. Where sputum taken
at a later date was inoculated the results obtained were less
satisfactory. One monkey was inoculated with un/iltered'
sputum taken on the sixth day froiW'& case of infuenza. A.
negative result was obtained. A monkey inoculated with the
ftiltered sputum from the same case also shiowed no signs of
(disease post mtortemn. A mlonkey iniociulated with filtered sputum
from a case of iniluecu7a taken onl the fifthi day gave 'a positive
result.

(GR)uP II.-Spultlia (Colleetedl LUte'.

Typeof Molnke-Y. Material Used f
inloeculation.

1. IL. rhesus

2. M. rlOScu3 ...

Unfiltered splntu

Filtered sputumll

MI. rlheslls .. l'ilteredl splutuni

Day of Disease
'or -on wlich -sl

S6putumn was Result.
Taken.

[m Sixth Negative

L Sixtl 'Negative

4 Fifthl Positive

In this iinstaiice two ouit of three attempts failed, or only
33.3 per cent. were positive. These figures are very smail adtt
ilnsufficiCent to justify ally iniial opinion as to the period in which
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it may be impossible to obtain the virus from a case of in-
tluenza, blut witlh the number of monkeys which we had it was
tlhotught more profitable to concentrate our attentiont on sputum
obtainecl at an earlier date. The time up to which the virtis
cani be recoveredI must form the basis for further work oni this
subject. An attempt to infect a monkey with filtered sputtum
instilled up its nostrils, without any subconjunctival injection,
failed, althoulgh subconljunctival injection, without nasal ill-
stillation, of the same filtrate, gave a, positive restult in another
monkey.
(Controls.-Two monkeys were inoculated with filtered sputui

obtained from two cases of acute bronchitis on the third day ot
thte disease. The sputum vas prepared and filtered in the same
way, an(d the monkeys were inoculated subconjunctivally and
by iiasal instillation in each case. They were given-the same
dose, but were both negative as regards symptoms, and the
macroscopic and microscopic examination of their lulngs.
Aniother monkey died two days after arrival with a lobar pneuL-
monia associated with M'Gowan's bacillus of distemper. The
post-mortenm fIindings were totally different from those seeni in
our experimental animals. Microscopically there was no great
engorgement of capillaries, and nio haemorrhagic exudate in
the alv'eoli.

Tlhe obtaining or not of a positive resuilt by mieans of
the injection of monkeys witih filtrable virusQs depends
very muel i more, on thie dose given tlhan in ttie case of
experimeniltal infections wvith non-flltrable germins. At'
present it is not possible to determiine the dose that is
being given. It is known thlat While these viruses, as a
rule, reproduce tlhe picture of !the human disease, as, for
instance, in the case of poliomyelitis, the certainty of pro-
ducing a positive result is not nearly- so great as wlhen
dealing with the non-filtrable bacteria which are pathogenic
for animals. Inl view of these facts the animal experi.
ments witlhnmionkeys appear to uis to be quite significanat
as far as they go.

R'abbits.-Four rabbits were inoculated. Of tlhese, two were
inoculated with filtered sputum taken on the third day from a
case of influenza. One of these rabbits was given 1 c.cm. of the
filtrate intravenously and the other 1 c.cm. of the filtrate sub-
cutaneously. Both inoculations were followed by a positive
result. One lung, taken from the rabbit that ha(d been inocu-
lated subcutaneously, was ground up in a mortar vith normal
salinie and the extract filtered. The filtrate ws-as inoculated into
a second rabbit. (See passage experiments.) Tie kidney of the
'rabbit receiving the intraveiious dose was placed in a Noguchli
tube with ascites fluid. (See cultural experiments.) One rabbit
was inoculated subcutaneously withi 2 c.cm. of a filtrate of
bronichial pus taken post m.ortenm from a man who died from
infltuenza on the twelfth day of the disease. The result was
completely negative, and tends to conflrm otur opinion that it is
likely that the virus is not recoverable after the first few days,
of the disease.
Conitrol.-A rabbit was given 2 c.cm. of a filtered sputum

taken on the third day of the disease in a case of actute
bronchitis. Result negative.

Guinea-pif-p.-Four guiinea-pigs were inioculated. Two of
these were inoctulated with sputum taken on the night of
the second day and morning of the third day from a case of
influLenza. One guinea-pig was giveni 1 c.cm. of the diluLted
(1 iii 11) but unfiltered sputum, and the other received 1 c.cin.
of the same diluition of this sputum, filtered. In eacht case
a positive result was obtained. A guiiiea-pig in,oculated
subeutaneously with 1 c.cm. of the filtered bronchial pus
mentioned above gave a negative result.

(;onttrol.-Aguiinea-pig inoculated subcutaneously with 1 c.cm.
of the filtrate of sputum from a case of acute bronchitis also
gave a negative result.

lfice.-Altogether fourteen mice were inoculated witlh sputum,
unfiltered or filtered, from various sources. These may be
divided iilto those inoculated with

(a) IUnifiltered sputumi from cases of itfltueniza.
(b) Filtered sputum taken duirinig the first th;ree dayvs of tie

disease in cases of influenza.
(c) Heate(d filtered sputum taken durinig thie first tlhree da.-s

of the disease in cases of influeinz,a (heatea to 71'- for
half anl hour).

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

(e3 lF'ilteredl sputum taken on the third (day of the (lisease
from a case of acute bronchitis.

Untider Grouip (a) 3 mice were inoculated: 1 gave a neg'ative
result, 2 died of pneumococcal itnfectioti, 1 died of
streptococcal infection.

Under Group (b) 5 mice were inioculated: 4 gave -positive
resuilts, 1 was killed twventy-four hours after inloculation
-result negative.

Under Group (c) 2 mice were inocuilated: Both gave negative
results. (Mice inoculated with the samtie filtrate
un3heated all died.)

Unider Group (d) 2 mice were inioctulated: Botlh gave negativeregults.
Und(er G4rotip (e-) Cc'ntfol, nmouse was inocutlated Result

negfative.

1II. INOCULATION OI ANIMALS WITH BLOOD FROM CASES
OF INFLUENZA.

The following are summaries of tlhree experiments in
wlhiclh animals were inoculated with blood from cases of
influeniza:

Ih.rperiiiieii t 1.
A case of influenza of forty-eiglht lhouirs' standing wa.:A

selected; 25 c.cm. of blood was (drawn asepticallv into a flaslc
conltaining 2 c.cm. of 10 per cent. sodium ci6ate solutioii.
10 c.cm. of the whole blood was diluted withl 40 c.cm. of dis-
tilled water. This laked blood was then passed through a
Chamberland L 1 bis tilter candle, under a negative presslureCof
50 cm. of mercury. Both laked blood andl filtrate proved to ho
sterile with regard to non-filtrable organisms.
Monkey No. 8 was inoctulated with 5 c.cm. uinfiltered wlhole

blood subcutaneously. It was killed seveni dayss later, antd
both macroscopically and imicroscopically gave a completcly
negative result.
Monkey No. 6 receiVed 0.25 c.cm. of th1e filtrate subcol-

junctivally into each eye aiid 0.5c.cm. was instilled inlto eattch
nostril; five days later tile aniimal was' moping, an(d it was
killed on the seventh day. At post-mortemt examination tlI'
lungs appeared quite normal macroscopically, but micto-
scopically some capillarv conigestioni was seen wvitlh definito
small patches of iiflammator\- change.
Three mice were inoculat6d. Mout'se W 1 receive(d 0.25 c.cmi.

of the filtrate subcutaneotusly. It died th'e same niiglht, and tlhe
lutngs were founid to he markedly haemorrliagic. Mouse W 2
received 0.25 c.cm. of the filtrate subcutaneouLsly. It was killedl
oii the fourth day, anid showed marked baemorrhjages .i,lbothi
lungs. Mouse W 3 rieceived 0.25 c.cm. of the filtrate, whi eh.had
been heated to 55' for olne hlour. It died on the third day ater
inoculation, and also showed a marked haemorrhagic condition
of the lunigs. It might be noted that botlImouse \W 1 afiid
moouse WV 3 were infecte'd with coCcidia.

I'rperbwiniit P.
Three niice were. iniocullated subcutanleously witlh 1 c.c,. of

blood from influenza cases. One nmouse was inoculated with.
blood from a first-day case of influenza, and the lungs were
typically haemorrhagic. Two of the mice were inoculate(t
with blood from second-day cases. One was killed on the sixth
day, andl one on the eighth day, an(d both were definitely
positive.
As conitrols one mounse sas inioculate(d with. 1.25c.cin. of

normal human bloo(t atid( aniotlher with lc.cm., and( both gave
enitirely negative resultts.

lCxperitzent -3.
This experiment was uiidertakeni to attempt to obtaini

information as to the earliest time after inocuilation inlto mice
of blood from influenza cases that one may expect to find any
pathological lesions in the lungs of those animals. Six mice
were inoculated each with 1c.cm. of blood taken from a ;case
of influenza during the first twenty-four hours of the disease.
These mice were each given 1 c.cm. of blood subeutaneously.
and it was intended to kill these animals at varying interfals tiup
to eight days after inoculation. However, this intention was
frustrated by the fact that five ouit of the six mice died duiring
the first forty-eight liours after they receivedl the injectioni.
The results are best shown in tabular formi:

No. of Inociilated| Died Appearance of Lurng
Motuse. n .ost morte-1. _

U 1 Dec. 2, 1918 Sami-e night jLun-g sh1owed notbiug ah,-
norm-ial (inoculated intl-tL-
i)c-ritoneally).

U 2 .. . NNext luorninlg Iloth Ilungs showed haemitor-
. ~~~~~~~~~rbagic-like patches.-

U33 , , Saume night Nothing abnormal seeni in
iungs (inoculated intrat-
peritonally).

U 4 Next m1o-nilug Left lung showed haemor-
rlhagic-like patches.

U 5 N., Night of Dec. 3 Haenmorrhagic-like patche3
on both lower lobes.

U 6 K. ;iiled Dec. 3 Lungs apparently norm:al.

Of the six lungs examined microscopically, two silowe(d acuto
inflammatory reaction, with conigestion in one instance. Of thte
remainder, three showed actute collestion only aiid olne some'
leucocytic infiltratioin.

11I. PASSAGE OF THE VIRUS FROM ANIMAL TO ANIMIAL.
Filtered sputum from an early lhuman case of influenza

was aduiiinistered to a group of two' monkeys (Nos. 11
and 7), two rabbits (Nos. 1 and 2), and two muice (Nos. Z 1
and Z 2), on Decenmber 9tlh, 1918. Of tthis group, monkey
No. 7 received iio injection, but the filtered sputum was
merely instilled into the niose. This aniimal remained
negative. Mouse 'Z2 was given an injection of 7heatcd
filtrate, and, as was to be expected, remained negative.
All the other animilals were inioculated w%vith the unheated
filtrate and all gave' positive restults. Of these animals,

a
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ra-abbit No. 2 was selected to providle mtaterial for piassage
eXperinients.l

.I'ilterel ,Spultu /1UJ;
RIalbbit No. 2

abl)iit No. 6t-,

Pill)lhit No. 8 .

Guiinea-pig No. 5 +.

(luine- pJg No. 8 .

';. RABBIT No. 2.

This aimlullal vas ifloculate( subcutaneously withi I c.cm. of

-flitrate fromil sputum on December 9th. 1918. No sxmlptonms
-4of illnes-s wvere noted after inoculationl. It was ktilledl and1
.'e.xaniined on1 December 15th.

Post-iimortem Fbidh1g.:.
Tlhe lower lobes of 1)0th lung;S showed purplish discoloration

anud haemorrhagic areas. Micr oscopically, irregular acute
infiammatory chaniges, witli early leucocytic reactioni, were
sio' I in sections of the lungs, together. witlh engorgenment of
the capillaries. Bacteriological examination of the lungs was
.Aiegative so far as concerns noni-filtrable organisms.
The lower lobe of the left lutg of this rabbit wa.s now

reinoved, crushed, extracted' with mwrmal saline, Ad thle
*xtract passedl through Chamberland F filter anid used aa the
inioculum for further passage ex'perimenits, beinig injected iinto
rabbit No. 6 and guinea-pig No. 5.

RAnBliT No. 6.
Oni Decemiber 15ti, 1918, this rabbit was inioculated sfib-

,dtantieously witi 2 c.cm. of filtered luing extract from rabbit
NO. 2. It was hilled anid examined on Decemnber 23rdi.

Post-iortein Fiudiv9ngs.
Triaclete.-There is founid some tracheitis in the lower part of

the trachea, whicih is filled withi a frothy, blood-stained fluid,
which oozes up from the broncli.
Plettra.-Some fluid pes'ent iii each pleural sac.
1401/gs.-Retain shape on being placed' oni the table. The

-aaterior sutrface of the right ling shows a patch-'flhaemor-
&rhage at the root of the upper lobe. The anterior surface of the
left lung presents very little abnormality. Tlhe posterior
surfaces of both lunigs is uniiformly of a dark red colour. Oni
-sectionl, the lung suibstance is seen to be reddish-brown in
*atclies, anid some frothy, blood-stained fliid drips from thle
-cut surface. Cultures oni blood-agar and glucose broth were
-egative. Lniig substance from this aniimal was emulsified
and(l inoculated iilto rabbit No. 8 and( guiniea-pig N.7 8.

GUINEAt-PlI NO. 5.
Tr1j1i- ainimal was inoculate(d subcutanleously, on1 December

15th, 1918, withl 2 c-cm. of lilteredl luiig extract from rabbit
No. 2. It was killed oni December 23rd. At the post-morteun
.examiinatioti b)oth lungs Nvere foniii(l to shlow large dn-,rk red
i;atches oN er both anterior andl posterior surfaces.

RAB3BlIT No. 8.
Receive(d anl intravenous inijectioni of 2 em.Cm. of luing ext-act

fiomi rabbit No. 6 on-lDecembher 23rd, 1918, andl di*eidl about one
Uhour after inoculationi.

Post-mlorieill Exlalinatit;n (Dheemeber 24th).
Perilon?eul oeaity clear anid glistening. Bowel generally pale

and(l yellowishi.
'Trachea.-The upper part shows the blood vessels between

rtings outlined in leep red anid ani extremae degree of conigestion
seems to te present betweeni all the cartilaginous rings.
.F4'rothy fluLid wells up in the trachiei froni the bronchi.
Pleutra.-No 'eVidence of pleuritis on eitlher side. No fluid

,preselnt.
Lungs.-]oth lJungs appear much thle Fame. Genierally they

are pink, withl an overlying crinsoii anid deep red coloration
which looks haemorrhaglic. lt seems, in the gross, to be
:an extremiie grade of what has previously beeni seenl in inifecte(d
rabbits' lungs. On section, the sturface drips bloody fluid and
shows niumerous deep red small hacimorrliagic areas onl the
cut surface.

T'hyius.-Enlarged, soft; vessels (leep red anid enigorged.
Large niumbers of deep purple liaemorrhages seen on suirface.

Kiidnleys. Deep re(l. )rips blood Oil sectioni. C_tpsule strips
easily.

Liver.-Deep re(l. Oil sectioil, blood drips fiomllsurface antI
lobules app?ear outlinedlin deep re(l.

(IUINEA-PIP No. 8.
Was illoculltated subcutaneously witlh 2 c.cm. of lung extract

from rabbit No. 6 on December 23rd, 1918. It was killed on
December 31st, andti at the post-mtortent examianationi the lungs

alid otier organs appea-red to be iiormal.

REMARKS.
In time above series of experimenits a tendency to increase

CI virulenice was, notedl in passage through rabbits. The
'lesions found in rabbit 'No. 2 were of only mnoderate
Iseverity. Those produced ill rabbit No. 6 by inoculation
of miaterial from rabbit No. 2 were mnuclh more severe.
Tho iinoculation of luing extract from rabbit No. 6 into

rabbit No. 8 led to the rapid deatlh of the latter, thie
sym-tptoms and- -post-nortem apeaances being very
striliing, and suggelsting that the inoculum. may hiave
coitained a toxin of high virulence in addition to the
|living virus. It should be noted that this animal received
ani intravenous inocutlation, so thbat an'y toXin introaUced
would lhave been rapidly distributed tlhroughout tlho
organism. It is a remiarkable tlhing, lhowever, that an
equivaleint aniount, of the same lunig extract proved lharm-
less for guinea-pig No. 8, inoculated the same tihe as
rabbit No. 8. This result may, perlhaps, be explained by
assuiming tlhat this guinea-pig was unusually resistant to
infectioni. It is to be noted, too, that in this instance the
injection was subcutaneous, not intravenous. *

IV. CLULTURAL EXPERIJMENTS XND INOCULATON OF
CULTURES INTO ANIMALS.

In view of apparently positive results we lhad obtaineId
in the translmissiou 'of influenza to animials by yncans of
filtered materials, blood, sputum, etc., from cases of
inifluenza, it was decided to atte.}npt to obtain cultures:
f OPn the virus by mueans of the metlod used by Noguchi.
We had always obtained uniformly negative sresults in
attemptinig to-clture-different filtrates, using the ordinary
meidia employed by 'us in investigating the bacteriology of
sputumll, post- mnortem, material,, etc., from cases of influenza
-tlhat is, serum brotlh, blood agar, hleated blood agar, etc.

Altlhough tlle worki is incomplete, we consider that tlho
results are definite enouagh to warranit publication.

In Novemuber, 1917, Foster reported3 that in studying
tlhe etiology of common colds he had been able to isolato
an organism by means of Noguclhi's m-etlhodcs, and that lio
had reproduced the disease in hnmani beings by means of
nasal instillation of hiis culture. HIis miiethod anid tech-
nique are described in great detail in his monograph, and
we have foHowed them' as closely as was possible in a
laboratory in the field.

Preparation. of Noguclii CultuLre lTubes.
At first we liad great difficulty in obtaining a supplXy of

ascite,s fluid, and our earlier experiments were made witl
lhunman blood serum witlh negative results. lThlis is1not
surprising, as it is recognized that blood serum tends to
inihibit the growtlh of filtrable organisms, that of polio-
myelitis being an examuple.

Finally, a case of general polyserositis occurred aild a
litre -of clear amber-coloured ascites fluid was obtained and
proved to be sterile.

Special ttubes were obtained measuring 1 cm. by 20 cm.
These were sterilized by olOt air and filled witlh ascites
fluid to withiin 6 cmu. of tle top. Tlhese tulbes W'er'e then
allowed to stand five days at 37- to eliminate thv possi-
bility of contamination.
To obtain sterile rabbit kidney Foster's technique was

follo-wed as closely as possible. After removal fromll thie
rabbit a small portion of kidney was placed in eaclh tube
and 'allowed to settle to the bottom. Sterile liquid paraffin
was poured into eaclh to withiin 2 cm. of the top. The
tube was then plugged again-with cotton and a rubber cap
put on and they were allowed to stand for olne week beforo
being used.
Wlhen cultures were m-ade, the material to be cultuired

was drawn up into a long teated capillary pipette, and
then expelled until it had formed a drop on the tip when
tlle pipette was quickly plunged through the 'paraffin and
ascites fluid t'o the kidney, and the material all expelled to
witlin 3 or 4 cmil. of the tip. Tlhe pipette was now with-
drawn quickly, and the tulbe pluggedl againi.

S/aining M1ethods.
Wlhen it was desired to examine mnicroscopically mliaterial

from the bottomn of the tube, this was obtained with a
capillary pipette and the pipette brokeni off above any oil
that might have clung to it. A few drops were then
placed on a slide, spread slightly, and allowed to dry in
tlle open air upside down. Tlhey. were fixed for one lhour
in pure methyl alcohol, and stained for twenty-four hours
in 5 per cent. Giemsa, always lhaving tlle smear downward
to prevent any stain fromn depositing.
Foster stated that one should see in uniniocuilated tubes

in twenty-fouLr to forty-eight hours only a clear zone of
liaemolysis above the kidney, and possibly a very faint
opalescent zone, but nothing more, aInd we havo c'onfirmcd
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this., Even, the hlaemolytic zone may be very faint if tlle
animal fromn whVlich' the k;idney was removed had been
thoroughly exsanguinated.
When we first commenced the cultural work, in December,

1918, wo were temporarily somewlat slhort of animals.
This fact led to our obtaining our first culture from the
kidney of an infected animal instead of directly from the
material fromn lhuman cases. Thlis came about in the
following way:
Wishing to prepare some Noguchi tuLbes, and halvinrg no

normal rabbits from which to obtain the tissues, we used
the kidney fronm a rabbit that lhad been inoculated witlh a
filtrate of influenza sputum, and whiclh had reproduced
the characteristic signs in its lungs. The Noguchi tubes
thus prepared were placed in the incubator to ensure their
sterility. In twentv four lhours a clear pale-red zone lhad
developed above the tissue, and in forty-eight hours it was
noticed that a faint cloud was appearing. In seventy-two
hours this had increased, and a week later the cloud was
aliout 3 cm.' high, and a fine deposit had begun to settle on
the bottom of the tube. The cloud showed no- tendency
to blend with the clear ascites fluid above and was ratlher
mnore dense immediately above the kidney. 'The culture
was examined by subculturing for the presence of any
non-filtiablc contamination, and this was found to be
absent.
On the thlirteenth day a smear was made and stained

with 5 per cent. Giemisa for twenty-fotur lhours after
fixation in metlyl alcohol for one hour. In this smear the
following appearances were noted:
Numerous small coccoid bodies, in size varying from

about 1i, to 2,u, and generally single buLt often taking
on a diplococcal arrangement and sometimes occurring in
small agglomerations. Some showed a rather delicate
lhalo, the significance of which has not been determined.
With Giemsa, tlley usually stained a deep purple, but some.
which were apparently degenerate, were paler in coloue
and of a pinkish tinge. On this particular occasion tlle
cocci were Gram-negative, but it has since been shown thlat
very young cultures may be Gram-positive.
The cloudy material was transferred to otlher Noguchli

tubes and the same phenomena occurred. Smears made
from the restultingr subcultures, stained with Giemsa,
showed the same picture as described above.

ANSIMAL EXPERIMENTS WITH CULTUREI'S.
Experiment No 1.

Original cultures were put up on December 15th, 1918. nin
December 28th, when the cultures were thirteen days old, a
mouse was inoculated stubcutanieously witlh 0.25 c.cm. of tie
original culture. It died six days later. Its lungs showed some
haemorrhagic areas.

Post mortem its kidneys were removed with aseptic precaui-
tions, and, implanted in.a Noguchi ascites fluid tube. A sub-
culture was obtained. but not proceeded with further.
A rabbit was also inoculated intravenously with 1 c.cm. of

the cultture. It was killed seven days later, and, although thle
lungs of the animal did not show any typical signs of a marked
infection, a culture was obtained from the rabbit's kidney.
In addition to these animal inoculations, subcultures of this

virus were mllade on December 28th, and a definite cloud was
obtained. Fifteen days later, on January 12th, 1919, these
cultures were mixed together, and the following animals were
inoculated as shown in the table below.
At the same time as the animals were inoculated the sub-

culture R.2 was inoculated into another Noguchi tube. Tlis
culture produced the ustial cloud, and the smear showed the
presence of the typical coccoid bodies. Thus the tljird genera-
tion by direct subculture has been reaclhed, and at the time of
writinig it has-not yet been talien fuirther.

Besides these experiments we hiave also succeeded in growinlg
the organiism: From a filtered sptttum from ancaseof influenza-
this also has beeni carried throulg.to the second generation;
from the filtered luniig extract of Babooni 12; fromn the kidniey of
another infected rabbit.

CJontrols.-The kidneys fromi normal r abbits when cultured in
Noguchi tubes have failed to produce these organisms on
c-ulture, as also the kidney frorn a miionliey inoctulate(d witb
splutum from a case of simple acute bronichitis.

CONCLUSIONS.
The nuLmber of experiments carried out by us is t00

small to justify tlle drawing of final conclusions. These
experiments were brourght to an end by the cessation of
.the epidemic, and tlhe loss of laboratory attendants conse-
quent on demobilization. We feel, however, that we are
in a position to mnake the following deductions from
our work:

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

II. The pathological lesions in what may be called
experimental influenza in animals cl.)sely resemble those
seen in the lungs of men.

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

IVr. Inoculation of time filtered and unfiltered sputumn
taken from cases of influenza, especially at an early stage
of the disease, has been found to produce lesions in thme
lungs in a hiigh proportion of inoculated aniimals. Thle
inoculation of blood may not always produce suell striking
results.

V. A minute lmicro-organism of a coccoid shape may
be growvn by Noguclhi's cultural metlhods from: (a) The
kidney of infected animals; (b) the filtrates of lung tissue,
and (e) the filtered sputum from cases of influenza. The
cultures lhave been carried by uis to the third generation by
direct culture. The cultures wlhen inoculated inito aninmals
produce typical "experimental influenzal" lesions, and
cultures can be recovered again from the animnals so
inioculated.

VI. In view of these findings we consider that tlhere are
v-ery strong grounds for considering tlhat-

(a) The organism isolated by us is capable of passing
tlhrough a filter.

(b) That it is in all probability the cauLse of influenza
as seen to-day.

A similar organism, lhavitn time same properties, has also
been described by Captain J. A. Wilson, R.A.M.C., worlking
quite independently at No. 20 General Hospital.4 Sinee
tlle publication of his work on this subject we have shown
him our preparations, And lhe considers the organisni
isolated by us to be the same as his own, in wlich opinion,
after examination of his slides, we are in agreement.
We are indebted to the Medical Research Commnittee for

providing the material for the work; to Colonel S. L.
Cammins, C.M.G., A.M.S., Adviser in Patlhology, British
Armies in France, for valuable advice; to tlie Officers
Commanding No.2 Stationary Hospital and No. 3 Australian
Gleneral Hospital for allowing us the use of the laboratories
attached to their hospitals; and to tlle Officer Commnand-
ing No. 2 Stationary Hospital for the use oflio;s wards.

O(riginal Cuiltlme-
IRabbit 1 (see texL).

Mlixed subculture R. 2, 15 days old.

Baboonl12±. Baboon 13-. MouIse t. Rabbit.11+. Guinea-pig, 1G+.

Rabbit 12+F.
(Rteceived 2c.ctn. imtua-
venously of filtered
lulng extract fro4u
baboon No. 12.)

Rabbit 1±+.
(2c.cin. filtered ltunig
extract from rabbit
No. 12.)

Rabbit 13+.
(2 c.cm intrascutously

unfilteredeliiig es-
tract fromii baIbooni
N,o. 12.)

Filleredl

Guiinea pig +.
(Died 15th clay.)

Guinea-p4it.

IMonkey 15 4-.
I

l. UnfilLered.
Guinca~pig.* Gu

C;uincaspig.* Guinlea-r)i;.*

* = Still un(ler observation.
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The help of Private We'bster, A.I.F., and Private
WhIally, R.A.M.C., Ias been -invaluable in the care of the
tuitnals, and our thanks are also due to Private Urquliairt,
R.A.M.C., our laboratory attendant, for muelh lhard worok
in the preparation of mnedia.

NOTE BY COLONEL S. L. CUMMUINS, C.M\I.G., A.M.S.,
Adlvisor inll athology, lBritish Armnies in Fraince.

Wlhile Major 1. G. Gibsoin, R.A.M.C., waas actually
engaged in preparing tie above suimimary lhe was hiimself
ataclied by tlhe disease in itss severest form. IHe and
lhis colleagues had been working- for long lhours in the
laboratory at culitural and passage experiments wiith the
orgAnismi believed to be the "' filtrable virus " of influenza,
and the attack found liim overdone anid weary fromi his
lf-forgetting efforts to solve a problenm of pressing military
an,d general imiiportalnce. M1ajor Gibson lhad no oppor-
tunity of revising or even finishing the suiiimmary, wvlich
has lhad to be completed fromi hiis notes and reco'rds.

H1is death, a grievous: loss to mledical science and to tell
Royal Army Medicalr Corps, was still such an end as: a
.%oldier would lhave clhosena. Laborious tasks cheerfully
undertaken and dangers resolutely faced are -no less
glorious in the laboratory than in the trenches.

A Filtral)lo Virnvs as tlhe Cause of the Early Stage of the Present
E1pidemie of Intluenza, Major H. Graeme Gibson, R.A.M.C., Major
1Ft 33. B13owman, C.A.M.C., and Captaiui J. I. Connor, A.A.MLC., RIaTIsris
RBInIC,AL . 0JRNA., December 14tli, 1918. 2 Thje Etiology of CommII0on
4Olsds, George B.3 F6te j.iun., Mlajor, Medical Corps. U.S. Army,
ki;?11a of Infectious Diseas8d9' vol. ii, No. 5, Novemnber, 1917,
4")451-471. 3 JourAal'of Infactiots Diseases. vol. xxi, No. 5. 4 Pre-
firlinary Report On %hq Pr.seICBe of a 'FiltAr-passing' Virus in Cer-
lin Diseases, Major-Ge1nerl Sit JV Rose'Brdford, A.M.S., Captain
t4. F. Bashford, lt.A.L.( Captain J. A. Wilson, R.A.M.C.. BRqrisi
MADuCAL JOURNAL., f ebruiary 1st, 1919.

SYMPTOMS OF IIYPERTHYII1IDISt OBSERVED
IN 1AllRAlVSTAi) SOLDI ERS.

W. ,JOHNSON, MAJOnR R.A.M.C.(S.R.).

THIJ close association between emotional states andGraves's
disease lhas long been pointed out. Durin)g the course of
ttie present war r6ference to mild conditions of thle disease
occurring in soldiers h-as been fairly frequent, aiid warrant
a consideration of the questioil of -the relation between
emnotion and hypertllyroidism.

In tlle later part of tlle year 1917, in a certain forward
Ruea, I was able (lairgely withi thie lhelp of Captain F. S.

WValkcr, R.A.M.C.T.) to observe and takc brief niotes on
lity cases in whichl the condition was clinically demon-
strable. These cases were admuitted into a centre for
piycdioneuroses and formned a smiall percentage of thle
total admissionns.

EMAOTIONS AND THEI INTE1RNAL SE RETIONS.
The observations of Cannon htave thrown considerable

light on the intimate relation existing between emlotions
and the internal secretions.
Beginning by directing attention to the fact that the

well known m-anifestations of emotional states (for ex-
&mple, pallor, blushing, palpitation, increased cardiac andl
respiratory action, etc.) are all evidence of sympatlhetic
nervous activity, he proceeded to investigate the question
of how an emotional uipset produces suchi results. By
experimnents oni animals kept in a state of fear, anixiety.
and anger, he was able to demonstrate tlhat suprarenal
activity was stimulated; and thlat an increase in thle
adreniin content of the blood in the suprarenal vein could
be dem-lonstrated. Adrenin acts by direct stimulationi of
that portion of tble symiipathetic nervous system which
is styled tlhe vertebral symnpathetic or the sympatlhetic
proper. It is therefore seen that it is the increased output
-of aireniin, by producing plrofound symipathetic activity.
whicll is responsible for tlle plhysical miianifestations of
emotion.
Cannoi also points out tlhat the sympathetic activity

produced by increased adrenin secretion is all directed
towards toniin UP anid su1stuaiiiilg the ph1ysical powers, for
battle-t1hat is, the staying powcr. WithIout goinlg inlto
the questioni of the relative degree to wvlich1 the varliousts

organs of internal s6cretioni may be involved in the pro.
duction of tlhis result, it seemus certain tlhat, at least. t
suprarenal and tlhvroid glands are -two of the yaout
important.

Increased adrenin secretion causes:
1. An increase in the blood sugar;
2. An iuprovemlent in the contraction of a fatigued

muscle;
3. An inicrease in the coaguilability of the blood;
4. A rise in the blood pressure by conistricting the

splancihnic area.
5. An increase in force and frequenlcy of the cardlia

beat.
In view of'the cases abouLt to be described, I addl hero

the, generally accepted view of the ftunction of tlhyroid
secretion.

1. It is said to reinforce tlhe action of adrenlin.
2. Wlen it is absenit or dimlinished, conditions of

mental inactivity-tlhat is mlyxoedlema and
.;cretinism, re.sillt.
3. Where it is present in excesS' thlere is a state of

enta,l excitationi.
In an individial wlio is exposed to emiotional stress for

weeks-sonmetimes miontlhs-without beinig able to perfornm
the active bodily movemients (fighting. running, etc.) whiclh
are the natural expression of the iemotion, the increiased
internal secretions wbich-have been produced in his bodl-y
become, as it were, a drug on tthe marlket." Tl1oiLr
physiological circle is uncompleted, and wlhere thie
emiotional state has been excessive and prolonged-as was
the -ease witlh sldiers under recebut military conditions-
it seems possible tlhat tlhe accumulation of the .excessive
products of internal secretion in the body may produce
pathlological conditions.

ft would appear, then, that thle varioufs symptomis ex-
Ihibited by mien breakina down in the lilne lhave a deflaite
basis. Tlie patieent presents those states which are recog-
niized as beinCg produced by sympathetic activity, but hio
presents thiem] in a riotous way. He lias palpitationand
tachiycardia, disordered activity of the alimentary canal,
dilated pupils, protrusion of tihe eyeballs, sweating andi
vasomotor disturbance. Added to these re thli varioUs
subjective com-iiplaints which are the results of theso
states-tlhat is, headache, dizziness, dyspepsia, indig.s-
tion, loss of weighit, 'weakness on exertion, and that
general unliappy condition describedl by tlhe patient as
nervousness." In. this latter term<1 lhe includes tlht

feeling of itrritability wliichl he is distressed to find lie: is
unable to conitrol.

In. a recetnt paper' it was stated that a series of cases,
betlonging to thle group of irritable heart, psychoneuroses,
etc., shlowed a hyper-susceptibility to injections of adrenin.
The present paper supplies evidence that in the early days
of severe exhaustion, symptoms attributed to ylyper-tliyroidfsnm may be observed. Tlhese symuptoms were
observed within a few hiours of the patient leaving the
battle line, and it was found that, after two or tlhree weekl'
iest, aarked amelioration of the condition occurred.
Details as to the particular nature of the fighting and
the relatioii to the total number of psychneuroe
adiuitted during the time, cannot be given, and systematic
and scientific investigation was impossible under the
clrcumstances.

Clinlic l D'<scr~it.cn7.
In tlle first two cases that drL-w attentioni to the con-

dition exophthalmos was proni unced and there was
definite enlargement of the thyroid gland. In five other
cases only was any increase in size of the thyroid gland
noted, and in these the enlargement was limited to onie or
oth-er lobe. The clinical picture of Graves's disease vwa,
in all these cases, complete.
In the remuaining forty-tlhree cases it could not be said

that the tllyroid gland showed any alteration 'in size,
although in mnany there was a slight fullness about the
neck. The degree of exophthalmos, however, sufficed to
occasion remiiark and to call for special observation and
examination. It th-en beame apparent that the whole
fifty cases formed one clinical grouip and varied only inl the
degree withl whlich thse symptoms wvere exhlibited.

Th17e aye.s of thZe patienlts varied from 21 to 43 years-the<
majority being betwveen the ages of 23 andl 35. In only one


