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Hon Col Secretary

In answer to the letter irom lilg sXelency the (;roverno'Ir
in reference t: suspected abortion in sheep at ki1ll Cove and)
rfort noward, I beg to state that since the letter was writen
I nave seei. botii wWr wille. and kr kvans and they are of the

oplnion that thnis m.tter should be investigated, and they told

e that they intended forwarding a request that this snould

be dJdone.,

It would be necessary for we to visit both Pprt howard ang
J1CL

€Xt and rcuain there until the

laribing season was over.

101 bacter ]
dctelologlcal €Xanlnutions

POt 80 woyaq have




Jave to take the Iwicroscope with we, which could be
easily arranged .

ln answer to (4) there are no slices in this officen nor vwere there
!
any when I took over frowm kr Atxins.
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1 picpose to visit Port how.rd and unill
| “ove gtations ol thne purpose of investiguting
Suppogeu Avortion 1ln Sheep, in order to properly
' caly thils out it wiil be necessary to be on the spot
Trow Judy tisti the wnd of woveubel as hwes abort from
l apout two wonths alter being tuppsd up till the
Norwad time of wwwodug.
L propose to spena most of the time cyumlly betwasn
| these two stetlions, lewving the mocroscope, stains etc
ot tie wost convenlent placeg,and Carylng the sliides
plppets ete on horseLack, these can then be eXxammined
% ielsure and il traces are round of ipozootic
Avortion they cun be ToiWwarded to Sir Stewart
Stocanarn,
I w180 propoge to visit Charters and Port Howard
(PaCus With a view ol seeing 1f they arc free from
Lice. Theve inspections can be carried out when
riding Troo Port howara to Kiil Cove,
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Chief Inspecﬂai ¢ Stock
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Hon Coionial secretary

i beg to Btate that 1 thoroughly
exapined the ewe flocks &t hlil Uove and rprt soward
during the lamoing season, the stuu riocks at both
stations and three sBelected 11ocke at Liil vove,
all these Ilocks Were kept under close personal
observation, and alili the shepnerds on voth stations
were warned to report at once any signs of abortion
smong the outside flocks.
unly‘tio cases O avortion were notec at rort noward
these being due to injurles and not bkpizootic
Abortion
g§lides were made of voth cases out no signs of the
Vibro of Kpozootic Abortion were found .
There were no cases &t uili Uove.
I &n quite convinced thal this dipease dose not

exlst on these statious
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vhiel Inspector of stock
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303/22.

12¢h lav, 22,

Sir,

I an dirvected by the Uovernor to acknowledge
the receipt of your letier of the 2%th of April,
1922, on the subject of abaption in sheoep at IHill
Gove, and to Inlforpl vou thav liis Lxcellency has
arranged for the Chief Inspector of Stock Lo visit
your etation carly iun August for the purpose of

carrying out investigntions 1r the maitter.

Sir,

Your obedlent sorvant,
H. Henniker-Heaton,

Colonial Socratary.

Se Millel", EsQes Jeles
11411 Cove,
HWEST FALKTARD.
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305,/22 .

12th Junc, 22.

Sir,

T am directed by the Goveraor to
acknouledge the receipl of youwr letioer of theo
10th of tiay, 1922, on the subject of abortion
in Buee and te inform you that the Chlefl
Inspector of Stock has been ingtructed Lo visit
your statlon early In August for the purposo of

investlgating the matter.

i &1
gin,

Your obedieat secrvant,

H. Henniker-Heaton,

Colonlal Socretary.

Re Co Pole~Evans, Raqe, JePs,
Port ioward,

WEST FALKLAND.
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Hill Cove

oL July 14zs

L beg ta leport that on arrival at Hiil Cove and after
the aeparture ol the S.u.kalklana I vislted ana inspectea two
ewe T'locks atv this station, and at present have not fomnd any
8igns of ApOrtvicn.

L propose to visit the Iive remalring ewe 1'loCcks here auring
the next Lwo weeks. the seven rleocks wild laterly oe spliit up
into eight 1oy lamblng, and il any aborticn in noticea there
wlll a nother subdivision on orded To nave the aborting rlock
undexr close observaticn,
At the end of two weeks 1t 18 my intenticn to proceed 10 rort
loward and arrange witn ur wvans to inspect nisg ewes, uniess
there are any signs of avortion thele pelore. Frobably 1t wiil
be necegsary To remaln there itwo or three weeks as | am anxXlous
to inspect &ll nis sheep in order to see il there are any signs
2wvgﬁmx;ft of lice, also at the sSame time 1t woula pe advisable tc sSee the
fh@f:ﬁt ELQﬁJLsneep &t racks rort Howard ror the Sale reason .

ol WT O 1 -
»-r A _,;HKJ have sent out the Iorms redating tc the 1088 ol lambs and the

0 I O 7 L

Vil (2 s Mt :
4 \weignts ol wool,s8pecimens ©I which are enclosed. You wWill notice
£ ekt ;thiaf | nave askea ror the lamping return Irom L8ido to 19%x

| which shoula give a good aversge to WOLK rrom.

|
jf dne Wooi return only goes bacCK as lar as 140U as there seems to

pili -

Le S0me udoubt 11 accurate rigures can be optained earlier,
hhowever ) nave askea the alflerent laimers tvo lel me have any
\?arlier data 1I posslble.

i you could ooyain simiial returns Ircnw the kest 10r the same
periods it would pe very uselul. ine returns Irom the west will
not be receivead in vime ror this maii pbut shoula pbe in ror the

next one
I have the nonour to ne ,. sSir

x your obealent servant
ihe Hon volonial secretary

Stanley /953/3?5‘"@%

Chief lnsgpector of stock
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September <wnd 192&

Sir
Please note for the information of His Lxelency the wovernor

that upon arrival at rox Hay in the *Altergliow" i proccaea with

MI WilSOon TO bunnose Head where . examined all the Ilocks on that
[saation, as some ol the wes nad been oblalned Irom XMAICXHAMAKANAX
ifott Howard two years ago, there were no signs of lice.

»rom there returned to vox pHay and then went to Charters where

I examined the sheep that were on the Charters-rort howard ooundlry
and failed to fina any signs of lice.

¥rom there 1 proceded to rort howard and aipped two flocks that
were slightliy intected, one 11lock o0l about 400 cast ewes that

| wewe badly infected was destroyed DY Wr &vans as he did not
|wish to Grive thew over clean ground o the dip.

Iinis was the only flock that showed seveie 1nfection since the
dipping of 1ast rebrusrménd 4 consiaer kr ikvans most thorough 1in
| his endeavours to stamp out thnis pest.

1 then proceded 1o illl COVe &8 the lalping B5€as80n Was CoOmANg on.
Up to the present 1 nave falled to find any signs of abortion
elther in the ewes on this statien or at rort neward

I ap returning to rort Heward in & day or ;; a8 wl &vans 18 trying
tne experiment of herding about 1000 ewes oy uay and yarding them
at night and naving two shephedras to watch them whiist in the
yard, tnas will enabie a Ch&cK 1O De Kept on the lamolng as regard
age, number of baren ewes etC and should D¢ very instructive 4
After the lamblng 18 over 1 ehall de going to reort Stephens and
Bpring roant and Koy veve il possible pelore returning to tue
kast.

il a8 , Bir.

Ben ol Becretary
Yeur QObedient bervant

134 wen

bhlef lInspector of wtock

staniey
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DEPARTMENTAL COMMITTEE ON EPIZOOTIC ABORTION.

REPORT.

PART II.—ABORTION IN SHEEP.

Final Report of the Departmental Committee
appointed by the Board of Agriculture and Fisheries
to inquire into Epizootic Abortion.

ABORTION IN SHEEP.

To TiIE PRESIDENT OF THE BOARD OF AGRICULTURE AND FISHERIES.
Sik,

W have the honour to submit the following Report and Appendix embodying
the principal results of our investigations concerning abortion as it has heen found to
occur m sheep. The Appendix, which gives a detailed account of the experiments
and observations on which the Report is based, is by Sir John McFadyean and
Sir Stewart Stockman, by whom the work has been carried out.

The inquiry has been surrounded by many unavoidable difliculties necessitating a
considerable amount of organisation in addition to investigation, and although some
of the most mmportant results were arrived at as [ar back as 1906, it was thought
inadvisable to report sooner, for reasons which will be apparent on perusal of the
Report.

Although the present Report deals specially with abortion in sheep, we have during
the last three yvears paid attention to certain points to which reference was made in
our last Report in counection with cattle abortion. and especially to the comparative
merits of the agelutination test and other methods of arriving at a correct diagnosis in
suspected cases of contagious abortion and the value i actual practice of protective
inoculation as a means of dealing with outbreaks of the disease.

With regard to the hirst of these, we now feel warranted in stating that by means
of one or other of the methods of diagnosis deseribed in a previous Report (Part 1.,
Appendix) it is now possible to distinguish with practical certainty between cases of
contagious abortion in cows and those of a sporadic or accidental character. Moreover,
the agglutination test by itsell appears to be likely to render great service in dealing
with outbreaks in the future, since it can be employed to detect the disease while it is
still in the incubative stage, u.e., hefore the act of abortion has occurred.

Our experiments and observation have not led us so far with regard to the question
ol immunising cattle against contagious abortion. We are satisfied that a high degree
of immunity against the disease can be conferred on healthy animals, and to that
extent the question has heen carried beyond what may be called the laboratory stage
of investigation. Furthermore, protective inoculation has already been employed in a
considerable number of infected herds, but some time must elapse belore it will he
possible to judge the results in these cases or to estimate the general value ol this
methaod ol dealing with outbreaks.

The work in connection with immunisation is being carried out at the laborvatory
of the Board of Agriculture and Fisheries, and we suggest that it might be left to the
Board of Agriculture to complete this work, and report upon the result when they are
satislied that a suflicient number of observations have heen made to justify a special
report.

H:story.

Abortion in ewes does not seem to have engaged the attention of scientifie
investigators in the past, and in consequence ‘rihere is practically uothl_ng to relate
regarding the history of previous investigations iuto the pathology (_)f ovine abortion.
In Report, Part 1., it was shown that pregnant ewes could be experimentally infected
with the virus of cattle abortion, and bearing this in mind, together with the fact that
cattle and sheep are not infrequently pastured on the same land, it did not seem
1mprobable that the disease in these two species arose from the same cause.

A3
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T'here appeared to be, however, epizootiological reasons for thinking that the §
diseases might be different, viz., that unlike the disease of cattle, abortion in sheep
assumes enzootic characters, that is to say, 1t seems to confine its operations to a
comparatively small proportion of farms without showing much tendency to become
widespread. On the other hand, it may be pointed out that a disease does not owe its
epizootiological character to its contagiousness alone, but also to the opportunities
given it for dissemination. The opportunities whicl operate in relation to the disease
in cattle and not in sheep are as follows :-—(¢) Breeding goes on all the year round in
the case of cattle, whereas with sheep i1t 1s almost entirely confined to a season, and a
considerable interval of rest intervenes. (b) Cows are frequently sent to the bull on
other premises, where the disease may prevail, but this does not apply to ewes to any
extent. (¢) There is a very considerable interchange of in-calf and newly-calved cows
through markets, while ewes are practically always tupped on the owners’ premises,

| and remain there throughout pregnancy. In fact, the distinction between an epizootic
and an enzootic is somewhat artificial, and bearing the above considerations in mind
it will be understood how the same disease in sheep and cattle might present very
diferent characteristics according to the species of animal affected.

In a previous Report (Part I., Abortion in Cattle, page 15) it was stated that we
had never found the microbe of cattle abortion in connection with outbreaks of
abortion among sheep, and that a totally different microbe—a vibrio—had been
repeatedly isolated from outbreaks of abortion in ewes, and that 1t had been success-
fully used at the laboratory to experimentally infect pregnant ewes with abortion.

It is almost entirely with this vibrionic disease of sheep that the present Report
is concerned.

Method of obtaining Material for Investigation.

It was found to be a much more difficult matter to obtain suitable material for the
investigation of ovine abortion than was the case in the disease of cattle, and it was
still more difficult to keep the disease going at the lahoratory after material had been
obtained. These difliculties did not arise from the disease not being prevaleut,
although in certain years the absence of reports from the field was a material
hindrance to progress. They were for the most part unavoidably conmected with
the investigation of a seasonal disease and the peculiar pathology of the disease in
question. The difliculties will be more readily realised after perusal of Appendix IIl,,
but it will be useful to state some of them as shortly as possible here for the purpose
of providing a preliminary idea of the disease and the organisation which was
necessary for its investigation, and in explanation of why it was considered advisable
not to publish results, some of which were acquired several years back, until they had
been repeatedly confirmed.

(a) Abortion in sheep is from existing circumstances a seasonal disease. It only
becomes alarming enough to be reported about six weeks before the end of the
lambing season, aud in consequence the period during which suitable material can he
obtained from the field is limited to the short space of six weeks in the year.

(b) Under ordinary conditions of infection (that is when only comparatively sinall
amounts of virus have been introduced) the feetus often dies some time hefore it is
aborted. The uterus is open, however, and becomes rapidly invaded along the
external genital passages by the germs of putrefaction, with the result that in most
cases when indications of approaching abortion present themselves, and an examination
is made, the uterine contents consist of a putrefying mass, which is useless for
bactericlogical or experimental examination.

(¢) One of the essential proofs of a microbe heing the cause of ahortion in the field
is to find it in pure culture in an aborting uterus of an animal belonging to the flock
in which abortion is taking place. Taving regard to the facts stated in (J) and that
ewes practically never show signs of being infected until the uterus has been open for
some time, the obvious method of killing an animal in the infected herd for
examination before the uterus becomes open did not offer much chance of success.
Nevertheless, by adopting tl_li_s metI_]od we were fortuna_te enough on several occasions
10 obtalp material from uteri in which the vibrio prevml_ed to such an extent over the
other microbes present that the latter were clearly contaminations, and on two occasions
the ewes selected from infected flocks for slaughter and examination showed typical
lesions of the disease m the uterus, which was still closed, and contained enorimous
numbers of‘ the vibrio In abso_lutely. pure culture_ (see Appendix III., and particularly
TFlocks 2, 13, and 15). The investigation was aided by the fact that the vibrio was
found to invade the tissues of the feetus, and could be obtained in pure culture in its
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intestinal fluids for a short time after the uterus had become confaminated from
without, but this, of course, could not be accepted as proof that the microbe was the
cause of the discase.

(d) Since the disease is only reported towards the end of the lambing season it Is
a difficult matter to olitain a large supply of ewes in the carlier stages of pregnancy
[or experiment at the laboratory with material obtained from outbreaks in the field.
To meet this difliculty maiden cwes were obtained, and put to the tup each montlh
starting from October, so that they would lamb late in the season. [t was found
to be no easy matter, however, to ensure an adequate supply of late lambing ewes
without employing an unreasonable number to start with, and it was found extremely
diflicult to get the ewes to take the ram later than February and become pregnant.
In fact, it was found impracticable to keep in hand a suflicient supply of pregnant
ewes, even by using Dorsets, to keep up a supply of natural virus to continue the
investigation through the interval between the ordinary lambing and tupping seasons.

(e) It was also found that the vibrio soon lost its virulence under conditions of
artificial cultivation, so that the experimental work with pure cultures could only he
carried on for a limited period after the supply of natural virus gave out.

Owing to the above-mentioned circumstances the experimental work on this
discasc was limited to a period of about two months in the year.

A circular letter was issued to the Board’s Honorary Agricultural Correspondents
and Inspectors asking them to make it known to farmers that the Committee were
carrying on investigations in relation to ahortion in sheep. We desire to take this
opportunity of thanking those gentlemen who complied so sympathetically with our
request, and to state that by means of their assistance we were put in touch with
a great cleal of material which might otherwise have been lost. When a report was
received that abortion was occurring amongst ewes, the practice was to send one of
the Board’s Veterinary Inspectors to obtain full particulars of the outbreak, and to
forward what material the investigators at the laboratory required. This consisted
mainly of smears from cotyledons from ahorting ewes, aborted lambs, and, in some
cases, the gravid uteri of ewes suspected of being infected. The last-mentioned
material was collected in the following way. The ewes were selected with the
assistance of the shepherd and slaughtered. “The abdominal cavity was immediately
opened, the neck of the uterus ligatured, and the organ was excised. It was then
packed in a waterproofl bag which was placed in a padded hox, and despatched to the
lahoratory by passenger train, a telegram of advice being sent. The instructions were
to make these post-mortem examinations in the early morning so that the material
might reach the laboratory in time to be dealt with on the day or evening of arrival.
The pregnant ewes, for experiment, were kept for the most part in isolated pastures
some distance from the laboratory, and were only brought on the premiscs to be put
under experiment. After infection they were isolated in pens or loose-boxes under
strictly experimental conditions.

A list of questions bearing on the prevalence and distribution of abortion in sheep
was also sent out to farmers who had been good enough to promise to tabulate their
experience ; a summary of the information obtained in this way will be found under
other headings.

Post-mortem. Appecrunces of Iwes affected with Vibrionie Abortion.

By consulting Appendix IIT. B., in which the post-mortem description ol ewes
abtained Irem infected herds in the {lield and those experimentally infected at the
laboratory are given in detail, it will be seen that the appearances in both cases are
identical. The method adopted was to open the abdomen after slaughter, ligature the
neck of the uterus, cut out the organ, and remove it to the laboratory for minute
examination. To obtain material for bacteriological examination the surface of the
uterus was sterilised, with a red-hot ivon, an incision was mado with a heated scalpel,
and scrapings of exudate were removed with a sterile platinum scoop.

Lesions were not found in any organ other than the uterus, but in one casc
haemorrhage had taken place into the pelvic tissue (Ap_pen(lix I'II. B., Experiment 40,
Ewe 226). Externally, the uterus may show no alteration, but in a number of cases it
1s considerably thickened and cedematous in the posterior third. On cutting into the
cedematous part the tissue has a gelatinous appearance, and a yellowish fluid exudes
from the cut surface (Appendix III. B., Ewe 101, and Flock 5, Lwe E.). In some
cases livid patches on the mucous membrane could be seen through the uterine wall
(Appendix 111, B., Experiment 21, Ewe 103).

A
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The mucous membrane of the uterus may be normal in appearance in the early €
stnges. When the disease is more advanced the mucous membrane is reddened. and
it occasionally shows patches of intense congestion in the sub-mucous tissue. In the
carly stages there is only a small amount of grey exudate of a mucoid character: it
looks as if the normal uterine secretion had been slightly increased owing to catarrh
(Appendix III. B, Flocks 2 and 5). In the later stages there is a very considerable
amount of exudate between the chorion and the uterus. This exudate is of a durk
red colour, indicating the presence of blood colouring matter. The consistence of the
more solid parts is that of thick mucus, of which it seems to be mainly composed.
Sometimes a large amount of red watery fluid is also present, in whichh the mucus
appears as floccules. The cotyledons are firmly attached in the early stages, but on
| separating them a milky juice is scen on the surface. At a later stage the cotyledons

are deeply congested, soft, and pulpy, and some are found separated. The exudate is
odourless in uncomplicated cases, but it may be, and frequently 1s, very putrid, owing
to the uterus being invaded by putrefactive germs. Sometimes the separated
cotyledons show yellow anzmic looking areas, such as are found in connection with
the bovine disease (Appendix III. B., IFlocks 4 and 5).
i | It may be stated here that no particular difference is discernible between the
] advanced lesions in which the vibrio is found in pure culture and in those in which
the contents of the uterus are putrid, and no vibrios can be found. It will be observed
from the above deseription that the appearances are very different from those seen in
aborting cattle.

It would appear from the experimentally produced cases that the condition of the
foctus depends to some extent on the period of pregnancy at which infection took
place, that is to say, a foetus may die shortly after mfection but a considerable time
belore it is aborted. Thus a feetus which is aborted at a late period of pregnancy
may be very little bigger thau a rat. In such cases the feetus is dark brown in colour,
macerated, and sometimes pulped up with the membranes; it is then difficalt to find
the vibrios. In other cases the fwtus may be well developed for the period of
pregnancy and show no lesions, but it is not uncommon to find blood-tinged fluid in
the abdominal muscles and peritoneal cavity.

We may add as the result of inquiry in the field, that in the great majority of
cascs the [aetuses and membranes are expelled in a putrefying condition.

:
!

The Microbe of Ouvine Abortion.

The best preparations are obtained from the exudate, contents of the foetal stomacl,
and the surfaces of the separated cotyledons. In early cases the microbes can be
found in the latter situation when no exudate is present, but, given an uncontaminated
exudate, it is the best material for examination.

If smears be made from the exudate, and suitably stained, large numbers of “ S ”
shaped microbes are scen in the preparation. There is also present a considerable
number of spirillar forms, which give the appearance of being made up ol a variable
number of the curved elements joined cnd to end. No limiting membrane is specially
cvident. The individual organisms vary in length from 15 to 3 microns, and the
breadth is from } 1o % of a micron at the middle part, which is broader than the
extremities. The spirillar forms vary in length, according to the number of elements
composing them, and it is not uncommon to find six or even more spirals. The
appearance is very like that of a spirocheete, indeed it was at first thought to be
a spirochwete, until its behaviour under conditions of artificial cultivation put this
classification 1n doubt.

Awaiting a more definite classification in relation to spirillar micro-organisms,
which inciude those which have been referred to by various authors as spirillum
vibrio, and spirocheete, the organism under description is referred to as a vibrio. ’

Some of the single elements show a deeply staining area at one end like the head
of a comma. Some of the vibrios have a granular appearance, and they apparently
break up into small round granules, which can be seen free in the exudate as well as
in cultures. In hanging drop preparations the *‘S™ and spiral forms are actively
motile ; the granules can also be seen. Ixamination by the method of dark eround
illumination gives very good results. i

Staining.—'The various forms, with the exception, perhaps, of the free aranules
stain well with preparations of methylene blue or diluted carbol-fuchsin t;l‘hey do
not retain the stain when treated by Gram's method. The granular forms ur‘ld oranules
stain well well with toluidin blue. "
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Physical requirements in Culture.—The vibrio grows best at the incubative
temperature—30°-37° . [t grows well, however, in the substance of solid media at
roont temperature, but its growth is slower. 1In the incubator growth is apparent in
from 3 to 4 days, but it is 10 days or more at room temperature before it hecomes
visible. It does not grow under strictly anzerobic conditions, but a rarefied atinosphere
seems to suit it much better than a free supply ol oxygen. The peculiar requirements
of the vibrio in relation to media and subcuitivation are specially referred to below.
The medium should be changed about every 10 days to keep the strain active in the
vegetative sense.  The vibrio appears soon to lose its pathogenic power under
conditions ol artilicial cultivation, and so far our efforts have failed to devise a method
of keeping this property active apart from the natural habitat.

With regard to the thermal death point of the vibrio, subcultures cannot be
obtained from material which has been heated for 10 minutes at between 55° and
56-5° C. Subcultures were obtained, however, from material which had heen exposed
to the same temperature [or only five minutes.

Cultural Characters.—-I'ull details in relation to the cultural characters of the
vibrio are given in Appendix ITI. A.

Agar-gelutin-serum was made use ol in the first instance, as it was in that material
thut the buacillus of cattle abortion was first obtained in artificial culture. The
medium was varied at times by the introduction of ascitic fluid from the feetus in
place of the serum. This medium has nothing special to recommend it, and its
preparation and manipulation are more complicated than some of the others in which
the vibrio grows equally well. The employment of the medium, however, brought
out the rather remarkable [act that the vibrio, when it was inoculated into tubes
which had bheen liquefied and quickly solidified by plunging into water, gave a
growth which was identical in appearance to that given by the bacillus of cattle
abortion, and preparations had to be examined by the microscope before it was
found to consist of a totally different microbe. After three days incubation at
35°-37° C. a faint grey cloudy ring appears about [—% inch below the surface of the
medium. The grey ring is composed of innumerable colonies of vibrios, and distinct
macroscopic colonies can he made out after about 10 days.

If plain agar tubes are liquefied, cooled to about 45° C., sown with material
containing the vibrio, and solidified by plunging into cold water a growth similar to
that on agar-gelatin-serum appears. Frequently there is also an abundant grey growth
just under the surface of the mediun, such as is found in agar-gelatin-serum cultures
of the bacillus of cattle abortion, when a large amount of material is used for sowing.
In cultures about a month old the sub-surface colonies vary in size from a pin point
to a pin head, and the larger ones show a reddish-brown centre. In agar cultures of
this age, one or two large isolated round colonies also frequently appear deep down
in the medium, practically in the anserobic areas. There may even be a large number
of small colonies in the deep layers of the medium. At first sight these large
isolated colonies were thought to be contaminations, bhut repeated examinations showedl
them to consist of pure cultures of the vibrio. The explanation of their presence
seems to be that the vibrio grows best in a rarefied atmosphere. When impure
material containing vibrios and other organisms is sown 1n liquefied agar, it is
often possible to identify the vibrios by their mode of growth. On the surlace ol
agar slopes the vibrio grows very poorly ; most frequently there is no growth at all.
In a tew tubes in which growths appeared they were usually in the form of a very thin
grey [ilm of the most meagre description. 4

On gelatin good cultures can be obtained by l_iquefying the medium before sowing,
and solidifying afterwards. In gelatin tubes, which are kept at room temperatuie to
prevent liquefaction, the vibrio grows more slowly. There may be no visible arowth
for 10 days or even longer, according to the temperature. The first appearance of
growth is in the form of a delicate grey cloudy ring about half an inch below the
surface of the medium, and no growth takes place in the deeper layers or on the
surface. The colonies never attain the sume size as those in agar. No liquefaction
of the gelatin takes place. ) _ _

On solid potato no growth ol the vibrio has been obtained, but it was found that
small blocks of potato added to broth favoured its development.

: In peptone broth good growths are obtzlingcl in from 24 to 48 hours after SOWIng
with natural material, such as exudate, scrapings from the cotyledons, and fluid from
the feetal stomach. If the tubes be shaken up after a period of incubation a greyisk
vibrating c‘)udiness 1s observed.
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five days before full time, but no vibrios could be found. FEwe 150 aborted 40 da
A i, . ays
after contact hegan and 43 days before full time. Vibrios were found in the
discharges, the foetal membranes, and in the stomach fluid of the feetus from Fwe 150
We have considered whether any part in the spread of ovine abortion is attributable
to the ram. It seems most improbable that a ram could spread infection mechani-
cally from ewe to ewe in a flock merely irom the fact of having been contaminated by
an aborting ewe, because in the great majority of cases both rams and ewes, when
the breeding season begins, have been excluded from sexual intercourse for nearly a
year, and the ewes must have been free from maternal duties, other than suckling,
for about six months. There seems only to be the possibility that a ram from infected
premises may be a carrier of infection owing to the upkeep in some way of virus in

its body, but of this being actually the case there is no evidence of any consequence,

Symptoms.

No particular symptoms in connection with abortion seem to have heen observed
in the field except just before the act, when, if the period of pregnancy is advanced,
and it usually is, the ligaments are relaxed, the mamma: and the vulva are swollen
and a sanious, mucoid discharge 1s seen around the latter. The symptoms immediately
following infection in some of the experimental cases, such as elevation of temperature
and diarrheea, can hardly be considered to be of practical interest, as they almost
certainly arose from the virus having been introduced by unnatural channels, or from
the material having been someswhat putrid.

We would, however, draw attention to the fact that some of the experimentally
infected animals showed the sanious, mucoid discharge at the vulva some days, and
even weeks, before abortion took place, and sometimes even a few days alter infection.
Vibrios could in some cases be demonstrated with the microscope m this discharge,
and we would point out that a pregnant ewe, which before her time shows soiling of
the fleece by sanious material, should be regarded with great suspicion, and the
discharge should be examined. The evidence from the field is that many of the
feetuses are putrefying when expelled. We would point out, however, that this seems
to apply more particularly to thosc which have died in utero at a comparatively early
stage of pregnancy. "

It would appear from an examination of the cases experimentally produced by
introducing virus by way of the natural orifices, that the interval between infection
and abortion varied between 13 and 113 days, and in this connection we would again
refer to the two cases of infection [rom the pasture (Ilxperiment 66) in which one cwe
aborted 46 days and another 40 days [rom the beginning of contact. In the 15 out-
breaks which it was possible to investigate particularly, the percentage of abortions
varied between 5 per cent. and 50 per cent., average 23" 2 per cent.

It is not uncommon to meet with inflammation of the womb, which may end
fatally, as the resnlt of abortion in ewes, cspeeially when the contents of the uterus
are putrid.

Distribution and Prevalence of the Disease.

In the absence of an Order requiring notification of the discase we can only report
upon what has come to our knowledge through our inquiries, and the sympathetic
co-operation of larmers, honorary correspondents of the Board, and veteriary
practitioners. Of the 15 outbreaks which were particularly inquired into, three were
in Hampshire, one in Devonshire, three in Lincolnshire, one in Scmerset, one in Berk-
shire, two in Suffolk, two in Wiltshire, one in Sussex, and one in Cambridgeshire.
Vibrionic abortion was also found in material from aborting cows in Ireland and
Wales. We are not prepared to say that the vibrio is responsible for all serious
outhreaks of abortion amongst ewes ; we can only report that we have not as yet et
with any other specific form of the disease.

By means ol the circular letter of inquiry containing a series of specific questions
we have been able to collate from farmers a considerable amount of presumptive
evidence in relation to the prevalence and distribution of abortion in sheep. Replies
on this point were received from 476 sheepowners, running approximately 252,733
breeding ewes year in and year out. The recipients of circalars were asked to eliminate
barren ewes as far as possible from consideration, and to enter the latter in a separate
column, so that an oppori-;unity JI}igh@ be obtained of judging whether the proportion
of barren ewes was sufliciently high in any case to lead to the helief that foetuses had

”
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].)ee? cas}; unobs.erlved in the very early stages of pregnancy.
rephes, that abortion commonly occurs amongst ewes to the extent of 1 per cent. to
3 peﬂlcttaﬂz.,lcg evi;l mokre, without any very serious outhreak ever arising.
g R 331_1 Jr.ea s 25_1‘3_egmllyl mvest]gate:d (see previous section), the average
PRy :«19)01 1.0115 was 25°2 per cent., but in only three cases was it below 10 per
cent., viz., J per cent., 8'3 per cent., and 5 per cent. We have, therefore, for the
purposes of this section of the Report fixed 10 per cent. and over as the indication of
something definite having operated on the ewes, though we are aware that the
percentage 1s very considerably above the ordinary.
On 70 of the 41()‘ farms (14°7 per cent.), representing 34,135 breeding ewes,
10 per cent. of abortions and over had oceurred in one or more years of the five to
which inquiry related. On 17 farms the proportion was 20 per cent. and over, and
on seven it was 30 per cent. or over.

The flocks in which 10 per cent. of abortions and over had occurred were located
in the following counties :

It would appear from

Berkshire. [Leicestershire. Carnarvonshire.
Buckinghamshire. Lincolnshire. Denbighshire.
Cambridgeshire. Norfolk. Flintshire.
Cumberland. Northamptonshire. Radnorshire.
Derbyshire. Northumberland. [Lanarkshire.
Devonshire. Oxfordshire. Orkney.
Durham. Somerset. Peeblesshire.
Tssex. Suffollk. Perthshire.
Hampshire. Susserx. Roxburghshire.
Isle of Wight. Wiltshire. Stirlingshire.
Huntingdonshire. Worcestershire.

Kent. Yorkshire.

In 26 flocks, representing 16,850 sheep, the proportion of barren ewes was 10 per
cent. or over.

Species of Animals which are suseeplable.

Tn the section of Report, Part [, dealing with the same subject in relation to bovine
abortion it was mentioned that this vibrio had heen isolated rom aborting ewes, and
it was stated that it had not been found possible to infect cows with vibrionic aborlion.
Since the publication of our first Report the work ol investigation in connection with
sheep abortion has been extended, and it has been found that cows can be experimen-
tally infected with vibrionic abortion. By consulting Appendix IIL D. (Experiments
57a—G4), it will be seen that infective material was administered to seven pregnant
hovine animals by the veins, natural oritices, or by both channels, and that only one
cow (Cow 46a, Experiment 63) became infected. It is of great importance to note,
however, that two natural outhreaks of vibrionic abortion, one in Ireland and one in
Wales, were met with in cows (Appendix IIL. D.), therefore it must be admitted that
the disease enters into the pathology of cattle, and that cattle may be a factor i the
epizootiology of the disease.

A goat aborted (Experiment 59) four days after being inoculated with virulent

material, but no vibrios were found in the cotyledons, dischurges, or uterus. The
period, however, between inoculation and abhortion was too short to admit of a
plentiful culture having taken place.
" The small animals of the laboratory-—guinea-pigs and rabbits- - do not sulter any
illness when inoculated with vibrios, but, in one of the few cases where pregnant
guinea-pigs were submitted to experiment, abortion followed inoculation in 12 days
(Experiment 8, Guinea-pig 451). We desire to point oud, Lowever, that the experi-
ments carrierd out on pregnant animals other than sheep were necessarily comparatively
few in number, for reasons which have already been mentioned.

We might add here that from information collected fron the replies to our circular,
nine sheepowners stated having abortion in their cattle and none in their sheep, and
21 admitted having had over 10 per cent. of abortion amongst their ewes, and at the
same time abortion amongsi their cows.

Diagnosts.

T o = P . = < |15 o o
When onc or two ewes in a flock abort or bring live lambs prematurely, it is of
the utmost importance in relation to preventive measures to know whether or not

B3
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the trouble is contagious. The symptoms and the proportion of abortions mentioned
in the two previous sections will to a certain extent act as a guide to diagnosis. The
discharges before the act, the expelled membranes (especially the cotyledons), and the
contents of the foetal stomach should be examined microscopically for the specific
micro-organism. Its presence is sufficient to establish the diagnosis, hut failure to
find it does not justify the conclusion that the case is not one of vibrionic abortion
(consult Appendix ITL. B., Flocks 6, 7 and 8); especially when the material examinecl
18 putrid. . '

It is known that as the result of infection with a micro-organism, the_ sexum of
the blood may acquire certain specific properties in relation to it, one ol which is that
it canses the micro-organisms to become agglutinated into clumps when added to an
emulsion of an artificially grown culture.” This general method ol diagnosis was
particularly referred to in Report, Part 1., and Appendix. The applicability of the
agglutination test in relation to the diagnosis of vibrionic abortion was studied at the
laboratory (Appendix IIT. E), and it would appear that, in so far as the observations
have gone, the test promises to be of practical value. Iurther observations on the
agglutination test and the fixation of the complement test (Report, Part I., and
Appendix) are being carried out, and we would here observe that differential tests
acquire all the more importance from the fact now established that bovine animals
may also become naturally infected with the vibrionic disease, and abort.

Natural and Acqurred Immunaty.

We have found no evidence to justify the opinion that any particular breed of
sheep possesses natural immunity, though 1t seems not improbable that some
individual animals are more resistant to infection than others. This is suggested by
the fact that the same virus introduced experimentally in the same way to a number
of ewes at the same time did not cause abortion in every case, added to the ficld
observations in which only a proportion of the ewes aborted although the flock had
been kept under conditions which were calenlated to expose all the animals to
infection (crowding and penning on crops). 'There remains the question of whether
the ewes of a flock which have suffered from abortion, acquire a degree of resistance
which is maintained over one or two subsequent breeding seasons. It appears to be
the case that abortion in sheep does not usually repeat itself in the same flock in two
successive seasons. The replies from 205 owners, owning about 131,023 ewes, show
that outhreak had recurred in successive seasons in the same flock in only 45 cases.
On the other hand, we do not feel justified in attributing, without reserve, the absence
of successive outbreaks to the original animals of the flock having acquired immunity,
because in the case of 158 owners the disease was not observed to recur in the new
breeding ewes introduced to the old flock in the following season. Only 86 owners
replied that the new ewes suffered from abortion in the following season.

Imamunisation.

Experiments were conducted for the purpose of inquiring whether it would he
possible to immunise ewes hy subentaneous injection of living cultures of the vibrio
about two months before putting them to the ram (Experiment 65, Appendix III. I.).
Tt seemed likely, from the experience acquired in connection with hovine ahortion,
that good results, if obtainable, would only be acquired by using large doses. This
presented seme difliculty, because the vibrio did not grow luxuriantly on artificial
media. The difficulty was got over to a certain extent by adding solid portions of
potato to the peptone broth (Appendix III. A.), but it could not be said that the
cultures were very luxuriant.

It does not appear from the results of these few experiments that the immunising
dose had a preventive effect of any value. We think, however, that these ohserva.
tions might be continued, and extended, by the Board of Agriculture and Fisheries.
Sero-therapy will be dealt with in the next section.

Curative Measwres, including Sero-therapy.

For the production of an anti-serum a heifer was hyper-immunised by suh-
cutaneously injecting artificially prepared cnltures of the vibrio. The difficulty of
obtaining luxuriant cultures arose as in the case of immunisation, hut this was got over
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by injecting enormous doses. We understand, however, that there is hope of heing
ab_le to cultivate the vibrio freely on the surface of specially prepared solid media, which
will greatly lessen the difficulties in the wuy of obtaining material for immunisation,
serum production, and the diagnosis tests. o

The design of Experiment 67 (Appendix IlL. L) was to infect six pregnant ewes
(Ewes 140 to 146) with vibrio, and afterwards treat them by injections of ani-serum
to see if abortion could bhe prevented by such treatment after infection.

The experiment was undertaken_ be(_:ause 1t had been learned that abortions hegan
Lo occur seriously towards the beginning of _the lambing season, and that, given a
heavy infection, abortion might take place in less than a week. It was therefore
thought possible: (¢) That owing to heavy infection of the pastures from recent
abortions, it might be that a large number of ewes aborted at the end of pregnancy
from quite recent infection with an enormous dose of virus. (b) That once cit was
established by examination of the first cases that the trouble was micro-oreanismal in
character, it might be possible, by injecting a potent serum, to endow thec remaining
ewes with immunity of sufficient duration to earry them on to full time. I

It will be observed that, in Txperiment 67, one ewe (240) aborted 48 days after
infection and only the day after treatment hegan, that is before the serum could have
exercised any effect. The appearance in the uterus was typical of the disease, but no
vibrios could be found. Allthe other ewes carried theirlambs to full time. 1t is to be
noted, however, that the material used for infection consisted of pure cultures, which
had been for some time under conditions of artificial cultivation, and, having regard
to the irregularity of results with such virus, it is possible that it failed to establish a
footing in the uterus owing to its nature alone, and not owing to the action of the
serumn.

No experiments with drug treatment have as yet been undertaken, hut, bearing in
mind the nature of the micro-organism and the specific effect which certain drugs
have recently been shown to exercise on similar micro-organisms in the body, it does
not appear impractical to think that in the early stages of infection at least, when the
parasites are confined to the cotyledons, certain drugs may be found useful. Further
investigations are proceeding in relation to the possibilities of the serum and drug
treatment.

Preventive Meusures.

It has been already explained that serious outbreaks of ovine abortion o not
usually oceur on the same farm year after year. There may be, and often 1s, little or
nothing to warn an owner that infection has entered his flock until the disease has
fairly well established itself and a number of ewes have aborted.

Except in those cases where the disease repeatedly recurs, it is improbable that
many farmers would go to the trouble and expense of regularly carrying out preventive
treatment in anticipation, even if a reliable method were available. Bearing this in
mind, together with what has been said in the section dealing with immunisation, it
would appear that, for the time being at Jeast, preventive measures are only likely to
he applied in the sense of trying to prevent further spread once the disease has shown
itself.

Destruction of Viralent Material and Disinfection of Bverything contamanated by
il.—T'his is obviously important.. The membranes, fcetus, the discharge, and any litter
soiled by the material should be removed at once awd destroyed. It is even preferable
to destrov their virulence on the spot Ly mixing the material freely with caustic lime
and slaking, or enveloping it in straw soaked in paraflin and burnmg it. Any
patches of the pen or pasture which are known to 1}21\"6 been sodedl should be
disinfected with a strong disinfectant. ['he boots, clothing, and hands ol attendants
should he disinfected.

Isolation of Aborting Animals and Lhosc which have Aborted.—When a ewe belore
her time shows a discharge from her genital organs, or sh_oulc} she\abort, it Is essential
hat she should be removed from contact with ber fellows. The Same allplihes to ewes
which have given birth to live 1ambs prgnmttu‘?bﬁ 1 which C"ﬂbe_ l}’)?if-l ‘GEG G\VL?S amd
lambs may be excreting infective material. -Ii:l‘lvould be preferable, of course, to
remove the still pregnant ewes Wien this 1s posstible. (et

Domning or Folding of lwes hc_}'of"{' Lambing.—In some cases It 1S tfllST-Un}tll‘,}.' tq

Eenming o1 cards the end of pregnancy, and it is also not unusual to fold
‘E(;Ledlon certain crops. As [ar as abortion 1s concerned, these
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practices may do no harm, so long as there are no infected ewes in the flock; but
given one or two cases of abortion occurring in the narrow area of a pen or fold, it
will be obvious how great will be the opportunity for other ewes to becqme mfec_ted,
and we would again point out here that a ewe may abort from infection acquired
only a short time before her normal time to lamb. The replies to our inquiry
Ly circular bring out that, of the 70 owners of 34,135 breeding ewes who had
experienced 10 per cent. or more of ahortion, 4G owners were in the habit of
penning or folding their ewes some time before they were due to lamb. 7 .

It is advisable, then, not to adopf these practices if they can be'avmlded, but if
they are adopted the greaiest vigilance should be exercised in watching for cases of
abortion. Should such occur, two courses are open, either to destroy all evacuated
material, disinfect the ground, and remove the ewe, or to immediately 1'@1110'\1.6_1,116 other
cwes fo clean ground. 'The second course is the more recommendable, if it can be
carried out.

Disinfection. of the Genilal Passuges of [wes which have Aborted.—This may be
done by gently injecting an antispetic wash (3 per cent. pure carbolic acid in water,
or corrosive sublimate 1-2,000) by way of the external genital organs. [t is advisable
to carry out this treatment, because it may have the effect of destroying a certain
amount of virulent material which has passed from the uterus into the vagina, and it
may also help to prevent further invasion of the passages and womb by hurtful
microbes from without. ILwes which have aborted should be put in improvised
pens, and treated in the same way until the discharge ceases.

Legistative Measures of Preveution.

Having regard to the conditions under which sheep breeding is carried on, which
have already been referred to, and the facts so far brought out by investigation, it
does not appear to us that legislative measures of prevention are applicable to this
cisease in sheep.

We wish to place on record our appreciation of the mauner in which the duties of
Secretary have been carried out by Mr. J. R. Jackson. Besides conducting the purely
secretarial work of the Committee he has lent valuable assistance in connection with
the experimental part of the Inqguiry.

We have the honour to be,
Sir,
Your obedient servanis,
(Signed) J. McFADYEAN (Chawrman).
DEVONSHIRE.
STRACHIE.
STEWART STOCKMAN.
A. W. ANSTRUTHER.
CHARLES ALISON,
C. R. LANE FOX.
WILLIAM HUNTING.
EHORGIDEN FieN UL
JaMeEs L. J;\CI_\'S()N,
Secretary.
Oct. 20th, 1913.
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INTRODUCTION.

The cxperiments deseribed in this Appendix were carried out at an
Iixperimiental Station of the Epizootic Abortion Committee, at the Laboratory
of the Board of Agriculture and Fisheries at Alperton, and at the Royal
Veterinary College, on behall of the Departmental Committee on Epizootic

Abortion.

119

A (G)17480--1 We lwgo 1113 E xS 5




APPENDIX TO PART

HL—ABORTION

[N SHEEP.

Report of the Departmental Committee
appointed by the Board of Agriculture and Fisheries
to inquire into Epizootic Abortion.

ABORTION

A.
BACTERIOLOGY.

From our studies in connection with epizootic
ahortion in cattle we learned that pregmnant ewes conld
be easily infected experimentally with this diseasc (see
Report, Part 1..and Appendix) in the same way and
by the same chunmnels us cattle. Taking this into
account, in addition to the highly contagious character
of the disease, its great prevalence amongst cattle, and
the fact that cattle and sheep are often in more or less
direct association at pasture, it wuas not unnatwal to
suppose that, if sheep suffered extensively from abor-
tion, there was at least a strong possibility that it
arose from the same cause as epizootic abortion in
cattle. From the first. however. it did not seem
probable that abortion would exist amongst sheep in
an epizootic form for the reasons which follow. The
epizootic character dees not depend entirely on a
disease being highly contagious, hut also on the oppor-
tunities for dissemination which present themselves.
As is well known, the great majority of sheep enjoy an
annual period of rest from reproduction of about seven
months, and during this period the genital organs, if
they have Dbeen infected. have a greater chance of
becoming cleansed than in the case of cows. Ewes
are not as a rule sent to the ram on other premises, as
a cow is sent to the bull, nor is there an extensive
inlerchange of newly-lambed or pregnant ewes. as in
the case of milch cows. What usually happens is that
a sheep farmer, if he buys in at all, buys gimmers
which have never been pregmant; the rams are turned
in with the ewes in the antumn or late summer, and
the ewes remain on the premises throughout the peviod
of pregnancy. The opportunities for dissemination
would not, then, appear to be great. but. of course. the
chance of such a disease spreading from ewe to ewe on
the same pastures is obvious.

Some time after the inquiry into abortion in caitle
had commenced, we heeamie aware that abortion pre-
vailed from time to time amongst sheep on certain
farms. in a form su serious that there was a probahility
of contagion being the cause. The disease. however,
was enzootic in character. and although this did not
eliminate epizootic abortion of cattle as the cause.
having regard to the conditions under which sheep-
hreeding is conducted, the hacillus of cattle wbortion
was never found in connection with a natural outbreak
insheep. At the same time we were greatly surprised to
find that in certain cases uncontaminated material from
the nteri of aborting sheep, and the stomach fluid of
aborted lambs. gave growths on upright tubes of agar-
gelatin-serum which corresponded macroscopically to
the appearance which was at the time supposed to he
typical of the abortion bacillns of cattle (see Flock 2.
Appendix B). As will be seen. however, the investiga-
tion of the microscopical, bivlogical and pathological
charucters of the microbe found in sheep left no possible
doubt that it was entively distinct from the hacillus of
cattle abortion.

At the time the micro-organism about to be described
was isolated, somewhat arbitrary rules for the classifica-
tion of such organisms had Leen formulated by
systematiats. Under these rules a spiral organism was
not to be classed as a spirochmte, unless it divided
longitudinally, and could not be cultivated on artificiul
medig. With this orgunism isolated from sheep.
although its requirementsare peculiar, we were fortunate
enough almost from the start to make use of methods
and media which enabled artificial eultures to be
obtained, and kept up indefinitely, and we were unable to

IN SHEEP.

see anything resembling multiplication by longitudinal
division. 'We therefore classed it with bacterin. We
\\-_01'1151 mention, however, that of late longitudinal
division us a method of multiplication in spirochates
has been much disputed, that some protozoologists do
not admit spirochmtes among the protozoa, preferring
to class them with the bacteria or in u class by them-
selves, and that some of the spirochumtes, particularly
S. gallinarnm, which have been generully accepted as
belonging to the spiroschaudinnia. have now been
cultivated in artificial mediu, using methods and media
similar to those by which we were enubled to ohfain
and maintain enltures of the organisms of ovine abortion
i 1906. Awaiting a final classifiention of spirillur micro-
organisms, we have thought it advisable to adopt the
term vibrio, associating the organism with the bacteria.
with which it appears to have the greater aftinities.

The bacteriological studies which we have made
during this part of the inguiry have been hrought
together for deacription in this section. Most of the
observations on the culture of this special micro-
organism were made during 1906 and 1907, but they
were supplemented. and confirmed. all through the
investigution Dy studying different strains of {he
organism from the various outhreaks in which it was
met at a later date.

By consulting the observations in section B on the
different locks it will he seen that other micro-organisms
besides the one specially veferred to were found in
connection with the uterine contents of aborting ewes.
These. however, were mainly bacteria of the putrefactive
type. Nome. with the exception of that described fully
in this appendix, gave evidence of having any specifically
pathogenic characters. and for that reason we thought
it useless to enguge in an elaborate study of them.

Cultivation of the Vibrio of Sheep Abortinu in
Artificial Media.

Agar-gelatin-serum.—This is the medium in which
Bang first obtained a culture of the bacillus of eattle
abortion. It has nothing to recommend it specially
for the cultivation of the vibrio, but, us we began the
inquiry into aburtion in sheep with the probability
befure us that it might be due to the same cause as
the diseasc in cuttle, we naturally employed the recos-
nised media in the first instanee. It was on this
medinm that o growih of the vibrio was fivst obtaine:d
from the uterine contents of Ewe B. (Flock 2). and from
the stomach fluid of Tamb B. 19. by sowing in the
liquid state and allowing the medium to sulidify
quickly.  The growtha to the nuked eye uppenre
identical with those of the bacillus of cattle abortion,
and it was vnly when the buacteria came to Le examined
by the microscope that it was discovered that they
differed totally from that microbe. After two o1 three
days” incubation at 33° to 37° C. a faint grey, cloudy
ring appears atabout § to 1 of an inch below the surtuce
of the medium. The grey ving in composed of
innumerable small colonies of vibrio, and distinci
macroscopic colonies cannot be distinguished until
after ubout ten days incubation.

Agar.—If agar tubes be liquefied, cooled to about
452 C.. sown with materal containing the vibrio. and
solidified quickly by placing the tubes in cold watey,
a growth similar to thut on ugar-gelatin-serum appears.
Very frequently. however, there is also an abundant
growth just under the surface of the medium. T
surface growth is in the form of a grey film, and extends
to the depth of about & of an inch. In cultures aboue
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a m!mth old the sub-surface colonies vary in size from
a pin-point to a pin-head. The l:lrgel‘.nnes show a
re(_ldish brown centre. Frequently in agar cultures of
this age one or two large, isolated, brown colonies
appear deep down in the medinm, practically in the
anicrobic areas. There may even arise a multitude of
small colonies in the deep layers of the medium. At
first sight Lhese large, isolated colouies were taken for
contuminations, but we have repeatedly assured our-
selves by microscopical examinations that they consist
of pure cultures of the vibrio. The explanation of
their prescnce seems to he that the vibrio cin grow in
a rarefied atmosphere. When impure material con-
taining vibrios and other organismsis sown in liquefied
agar, it is often possible to identify the former by their
motde of growth.

On the surface of agar slopes the vibrio grows very
poorly : most frequently there ts no growth at all. In
the few tubes in which growths appeared, they were
usually in the form of small. round. grey colonics
which wera seldum larger than a pin-head, and
remained isolated. It may also develop in the form of
a thin, grey film which never hecomes heaped up on
the surface, and close examination shows that extension
takes place only into the sub-surfuce layers of the
acar.  Subcultures have not been obtained from agar
rrowths of a greater age than nine weeks. Subcultures,
however, should be made every ten days to keep the
urowth active.

Gelutin—When tubes of liquid gelatine are sown
and solidified. and kept at room temperature. the
vibrio grows mare slowly. There may be no appearance
of growth for ten days or even longer according to the
temperature. The first sign of growth is in the form
of a delicate. grey, clondy ring. In gelatin this
invarinbly appears about half-un-ineh below the surface
uf the medinm., and no growth takes place in the
deeper layers or on the surface. The colonies never
attain the sume size as those in agar. No liquefaction
of the gelutin takes place.

Potuto.—No growth of the vibrio has been obtained
on solid potato. but. as will he seen Liter. potato added
to broth tavours its development.

Peptone Broth.—When ordinary peptone broth is
sown with uaturnl material containing vibrios, and
incubated at 37° C.. & growth is nsually evident in
from 24 to 48 howrs. 1f the tubes be shaken up a
greyish. vibrating cloudiness is observed. In hanging-
drup preparations one sees with the microscope single
clements shaped like the letter S.and long spirnl forms
which appear to be made up of o variable number of
the S-shaped bodies joined end to end. The longer
spirals nre only seen in older cultures inside and out-
side of the body. Both forms are actively motile.
They seem to move rapidly by a snake-like wriggling
of the hody. Fixed preparations are easily stained
with Lwefller’s blue or dilute carbol-fuchsin. They are
decolorised by Gram's method. In the stained pre-
parations the S-shaped and spival forms arve, of course,
more distinctly outlined. Some of the single elements
shuw a deeply stained wrea like the head of o comma
at one end. when stained with methyiene blue. In
preparvations made from old cuitures the substance of
the vibrio has a granular appearance, and many of the
clements seem to have broken up into small granules
of a civeular shape, which take up the stain feebly.
These cranulur forms stain welt with toluidin blue.
Preparations from cnltures and tissue fluid show many
free granules.

Multiplication seems to take place by transverse
division. In hingimg-drop preparations  the last
segments of the spiral can sometimes be seen to shoot:
olf, and become a single element.  Flagella have not
been demonstrated by staining methods.

It has invariably been found impossible to obtain
subcultures in peptone broth from cultwres in peptone
broth. but if liquefied agar or gelatin tubes be sown
with a broth culture growth readily occurs in the former
nedia, and if portions of the solid cultures be trans-
ferred to peptone broth, growth occurs in the latter.

An excellent liquid medinm for the cultivation of
the vibrio ean be prepared by adding portions of
potato to the flasks or tubes of peptone broth and

sterilising them in the autoclave.  Rich cullures of the
orgunism can be obtained in this medium. Moreover,
subcultures can be carried on from tube to tube,
contrary to what obtains in the case of pliin peptone
broth.

Peptone Solutions.—Practically no growth takes
place in the varions peptone solutions, which are stated
to be excellent media for cultivating vibrios.

Physical Requirements.—Attempts to cultivate the
vibrio under anwerobie conditions have proved negative,
but the organism is capable of active growth in a
rarefied atmosphere. TIts culturnl activity is grentest
at the incubation temperaturve, 35°-37° C., but it grows
well, though more slowly. at roomm temperature. The
fact that it can grow at ordinary temperatures and the
apparent suitability of media containing vegetable
material for its srowth suggest that it wmay perhaps
lead n saprophytic existence on the pastures. Tt also
secms certain that culture under artificial conditions
soon impairs its pathogenic power. as the virulence of
a pure culture of the vibrio obtained directly from the
uterus is strikingly greater before than after incuba-
tion in artificial media (compare Fxperiments 32 and
35, aee nlso Sections C. and F.).

Thermal  Death  Poiul.—Subeultures  cannot  he
obtained from material which has been suljected to a
temperature of 56-3°-37° C. for 10 minutes. but expo-
swre to the same temperature for only Hve minutas
does not destroy the vihrio.

Filtrability.—If an active culture of the vibrio.
containing all forms, be pussed through a Berkefeldt V

filter, no growth appears on any medium sown with the
filtrate.

B

PARTICULARS or OUTBREAKS or ABOR-
TION IN THE VARIOUS FLOCKS INQUIRED INTO,
AND  EXPERIMENTAL INVESTIGATIONS  wrTh
MATERIAL OBTAINED FROM Eaclt Frock.

LaMmping Seagox 1906,
Flovk 1.

Abortion was reported in a fiock in Hampshire.
The Secretury to the Committee paid a visit to this
flock on the 13th Janmwry. und obtained the following
particulare.  The flock consisted of 300  well-Lred
Hampshire ewes which had been tupped during Sep-
tember, 1903, and were, therefore., due lo
Februavy L1906,

During their whole period of pregnancy they had
been folded. and fed on thousandhead. white Lurnips.
awedes. hay. and a little coom. They had been in gocd
healtly all through the winter, and had not heen exposed
to continued bad weather. An outbreak of abortion
had ocewrred amongst the ewes on this tarm three
yewrs hetare, but no partieulars of this outhreak could
be obtained. Tn the lambing season of 1905 (the
previous season) only two ewes aborted. At the date of
the Secretary’s visit 25 ewes (8-3 per cent. of the tlack)
had aborted. o had lambed prematurely about a tort-
night before time, and the information wus afterwards
obtained that the flock finished lumbing on the 7th
February, and nu further cases ocenrred.  Some of the
aborted Lunbs were stiil-horn. others lived only for an
hour or two. but there were several weakly lambs in
the flock which were not considered to have been horn
prematurely although it is possible that they were.

Six dead Linhs were examined, but no lesions were
observed. According to the shepherd. the ewes some-
times showed indeiinite symptoms a short time betore
aborting. At least. they sometimes giave him the
impression that something was wrong. By reguest he
selected a ewe which in his opinion wounld probably
abort. Thix animal (Ewe A) was slanghtered, the
neck of the uterus was ligatured, the organ was exeised,
and despatehed to the laboratory. where it arvived in
the evening of the same day. At the laboratory the
uterus was immediately cut into after the surface had
Ieen seared with a hot iron.

Lesions.—Between the chorion and the uterine
iucous membrane there was a considerable wmount of
white mucus, that is to say, a greater quantity than is
usually found in u healthy pregnunt uterus, It there
was nothing otherwise abnormal.

lamb in
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Microscopical and Culturol Eramination.— The
mucous materiil contained i variety of Incteriu. hut
nothing resembling the hacillus of cattle abortion was
found. Broth and agar-gelatin-serum tubes were sown
with the mucus. These. however, gave mixed cultures
in which none of the bacteria exhibited the characters
of the bacillus of cattle nbortion. It is. of course.
yuestionable whether this ewe would have aborted had
she lived. The proportion of abortion wus §°3 per cent.
No experiments were carried out in connection with
this flock.

Flock 2.

At the end of Junuary 1906 abortion was reported
to be occurring in this flock, which was in Devonshive.
The Secretary to the Committee visited the farm on
the 1lst Fchruary und obtained the following par-
ticulars. It consisted of 150 well-bred Devon Long-
woolled ewes. The first ewe wits due to lamb on the
Sth February. The flock was folded on white turnips
and swedes. The old ewes had heen tupped by a ram
which had been used for three seasons, and a new
vearling ram had bheen used for the progeny of the
former. There was nothing which conld he held to
account. for the introduction of any contagion into this
flock. and no previous history of i serions outhreak of
abortion conld be ohtained.

Early in Junuary, that is about two or three weeks
bhefore time. i number of ewes aborted fatuses the
size of rats. and abortions continued to take place at
intervals. the feetuses being larger ut the later periods.
At the date of the Secretary’s visit (Ist February).
30 ewes (33-3 per cent. of the flock) had aborted. It
was noticed 24 te 30 hours before abortion that the
wldderas became larger, the vulva pendulous and fuceid.
und i dark reddish-brown discharge came from the
genital passuge. No fatal memlianes were available
for examination. but the shepherd described them as
being dark yellow in colour :nd rotten. The ewes
showed no distinet signs of illness either before or after
abortion. On the 2nd February a ewe (Ewe B). due
to lamb on the 24th of that month, was selected for
slaughter, as she was showing slight enlirgement of
the ndder. The uterus wus excised atter the neck had
heen ligatured, and the organ wax dispatched to the
laboratory. wheve it mrrived on the evening of the rame
dnny; it was examined nine howrs after excision.

Lesions.—The uterns wis normal externally.  After
the surface had been seared. excisions were made
through the wall of the organ. and material was
removed for microscopical ind cultural examination.
Between the chorion und the uterine mucous mem-
brane there wus an abnormal amount of white mucus
as in Ewe A. but otherwise the appearances were
normal.  The faetus (Lumb B 19) was well developed.
It showed no macroscopic lesions.

Microscopical and Cultwral Examination.—Smears
nude from the uterine mucus and stained with Loefler's
blue showed large numbers of a peculiar organism,
which was apparently present in pure culture. XMost
of the elements were comm: shaped, but Jong spirillar
forme. apparently consisting of several commas joined
end to end. were also preseut. In hanging drops these
organisms were actively motile. At fust sight it was
thought the organism might be a spivochicte. but sub-
sequently the growths obtained in culture-medin put
this view of its classification in doubt.

The stomach fluid of Lamb B3 19 also contained
lurge numbers of this vibrio in pure culture. The
uterine mucus and iluid from the fatal stomach were
s0wn in oxygenated broth and in liguefied agar-gelatin-
serum, which was immediately solidified.  The broth
tubes showed an abundant and pure culture of the
vibrio after about fowr diys' incubation, but it was found
impusaible to obtain subcullures in broth from these.
This was afterwards found to he characteristic of ¢nlfures
of the vibrio in broth. The agar-gelatin-serum tubes
after incubation for a week showerd u dense grey ring of
colonies about | to 4 inch under the surface of the
medium. At first it was thought that cnltures of the
bacillua of cattle aliortion had been obtained. is the solid
tubes showed a picture which Bang described us charac-
teristic of that organism.  The microscope. however,

showed that the growth consisted of vibirio-like organising
in pure culiure.  Subcultures in broth were readily
obtained by sowing with the solid agar growths, but
attempts to continue these growth by subculturing
from broth tube to broth tube failed.

At this stage of the Committee's work attention was
being directed mainly to abortion in cattle, und there
was priug faeie evidence that the disease in all animals
might be due to the same cause.  We had not a supply
of pregmant ewes at the lahoratory, and the senson was
too far advamced to obtain them. DMoreover, it was
thought advisable to employ for experiments only
animals whose previous history was knowu. and which
had Deen tupped at the laboratory on ascertained
dates.

Although up to this time there wus little evidence
to show that this vibrio-like organism caused abortion
in sheep, it was decided to study the organism for the
tollowing reasons :-—(1) A vibrio-like organism was then
looked upon as a relatively uncommon microbe, und
on this account its presence in conuection with un
autbrenk of abortion lent some support to the possibility
that it might be casually conmected with the disease.
(2) There seemed to be no doubt that this vibrio wis
capable under uatural conditions of invading the normal
pregunant uterus and its foetus, and propagating therein,
i property with which unly o very small minarvity
of microbes are endawed. (3) This vibrio grew on agar-
gelatin-serum after the manmer of the bacillus of cattle
abortion, and this form of growth was believed at the
time, though erroneously. to arise owing to the uterine
microbes requiring certuin physical conditions which
were suggested also to exist in the pregnant uterus.

Tt wus thought advisable in the first place to ascer-
tain whether the vibrio was pathogenic to non-pregnunt
apimals by inoculation, and for this purpose cultures
had to be employed. as the supply of pure natural
mitterial was very limited.

Experiment 1, Lamb 23.

This lumb. which was about six weeks old and
healthy, received on the 17th Februury 5 c.e. of a
glycerin-broth-serum culture of the vibrio into the aural
vein, and 2 ¢.c. of the same culture under the skin of the
thigh. The culture. which had been incubated for about
a week, wias made from the uterine exudate of Ewe B.
and it was very rich in vibrios. Two howrs after inocu-
lation the lamb was dizzy, and the temperature had
risen 1° F. On the following day the lamb was rather
dull. but the temperature was norm:al. After the
second day this lamh showed no signs of disturbance,
Bloorl smears stuined by Giemsa and other staing were
mide wd exumined every day for a week, but no
vibrios could be found.

Experiment 2, Heifers 6 and 17.

On the 19th February these two heifers, which were
not. pregnant, each received into the jugular vein 2 c.c.
of an actively growing broth culture wmade from the
uterine exudate of Ewe B. On the third day after
imoculntion the temperature of Heifer 6 rvose to
104° F.. hut fell to normnl on the day following.
Heifer 17 showed no rise of temperatwe. Neither of
these heifers exhibited any signs of illness. Blood
smeirs were examined at intervals for two weeks, hut
no vibrios ¢could be found.

Experiment 3, Rabbits 173 and 175.

"hese rabbits received respectively by subcutineous
inoenlation 1 c.c. and 2 c.e. of am actively pgrowing
culture of vibrios from the uterine exudate of Ewe 13,
Tu both cases the result was negative.

Experiment 4. Guineapigs 174. 176, and 177.
These animals received subcutaneously 2 c.c. of an
actively growing culture of vibrios from the uterus of
Ewe B. Number 174 died six diys after inoculation,
but no vihrios were found in the blood or organs. The
other two remained healthy.

Experiment 5, Rabbit 247,

On 23ed June 1906 this rabbit received into the
amzl vein 2 c.e. of an actively -growing hroth-sermm
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clllturcvof vibrion mude from the stomach fthdd of
Lamb B 19 (see Flock 2, Ewe B). The result was
negative.

Experiment 6. Guineupigs 246 und 2438.

The culture used in this experiment wius the sume
as that in Experiment 5. Guineapig 246 reccived
2 c.e. of culture inta the peritoneal cavity,  Guines
pig 248 received 2 c.c. of cultne subeutaneously. In
hoth cuses the results were negutive.

Experiment 7, Rabbits (Dues) 449 and £50.

On the 8th September 1906 these docs, which were
helieved to bLe in the ewrly stage of pregnincy. were
imoculated into the aural vein with 5 cc. of a broth
subculture of the vibrio. The original cullure was
obtuined from the stomach contents of Lambh B 19 (see
Flock 2, Ewe B). Both of thesc does. however. were
found to be non-pregnant. They exhibited no signs
of illness after inoculation.

Experiment 8. Guineapigs 451 and 452,

On the S8th Septemhber 1906 these guineapigs,
which were pregmant, received by the mouth. 2 c.c.
of the sume culture as that used in Experiment 7. On
September 15th (7 days after infection), Guineupiyg
452 was killed and examined. but no vibrios could
be found in the uterus.  Guineapig 451 ahorted on the
20th September (12 duys after receiving the culture).
but as she ate most of the feetus und its membranes,
no examination vould he made.

Experiment 8, Ewes 54 and 28 (Dorsets).

Ewe 34 was tupped on October 7th. and Ewe 28 on
Qctober 19th, 1906, On November 20th the tollowing
nmixture of enltures of vibrio was prepared :—One agar-
welatin-seraum culture {Ltwo months uld). 45 c¢.c. of a broth
culture. which had heen incubated for 14 days, and
10 ¢c.c. of sterile hroth. These were subcultures from
the stomach fluid of Laml B 19 (see Flock 2, Ewe B).
and it will be observed from the date that the cultures
had been kept up in the laboratory by subculturing for
some months.  Subsequent observativns seemed to
show that the vibrio may svon lose its virnlence under
artificial cultivation.

On November 20th. that is 4 days after being
tupped in the case of Ewe 34 and 42 days in the case
of Bwe 28, each received 3 c.c. of the above mixture
intu the aural vein and 20 c.c. into the vagina.  On the
Ind January 1907 cach again received by the mouth
and vaginaan emulsion in hroth containing the growths
from three cultures of vibrio on agar-gelatin-serum
These were :lso subcultures obtained from the strain
started from T.amb B 19 No temperuture reaction
followed any of the injections.

Ewe 28 wns killed for examination on Februarvy
19th. 1907, that is about 2@ month before full time.
She was not pregnant.  No bucteria could be obtained
cither by wmicroseopical or cultural cxamination of
scrapings from the uterine mucous membrane,

Ewe 34 gave birth to one live and one dead Louh
on daveh 7Tth, 1907, that is at full time. The lambs
were fully developed. No vibries or other bacteria
were found in the fluld from the stomach of the dead
lumb. The membranes were not recovered
examination.

It was thought, owing to the ncgutive results
obtained with actively prowing culluves of the vibrio,
that it probably had nothing to do with abortion in
sheep. Nevertheless, the study of the bhiological
charncters of the microbe was contiued on aceount of
its peculiar features.

for

Summary of Obscrvations in cowneelion wtth Flock 2.
Percentage of sbortions in flock, 33°3 per cent.
Vihrios were demonstrated. Onc pregnant ewe had
old cultures introduced into the vagina with neguative
restilts,  Ong pregnant guineapig was infected by mouth,
using old cultures; the guineapig aborted.

LaspING Season 1907,

The lesson learned in 1906 was that abortion in
sheep usually oceurred towards the end of the lambing
season, and that in order to utilise material from the

field for the stady of outbreaks by experimental methods
it would be necessary to arrange to have at the labora-
tory a supply of pregnunt ewes due to lamb at late
periods. A supply of young ewes wis obtained, and a
certain number were put with the ram each month,
starting from October 1906, Tt wus found difficult.
however. to wet ewes to take the rim later than the
month of April. In fact. we found it impossible to
keep in hand @ suflicient supply of pregnant ewes, even
by using Dorsets. which would ciry us through the
interval which vccurs hetween the ordinury lambing and
tupping seusons. This turned out to be a serious
obstacle to the progress of the investigation. as it wus
afterwards found that the vibrio under the conditions
of artificinl cultivation lost much of ity original virulence.
and it was not possible to keep this up from season
to season by passing it through a continuous series
of pregnant sheep.  1In fact, we always were left practi-
cally without active matervial to work upon durving the
greater part of the interval between the lambing
SEUSOMNA.

Flock 3.

Euarly in 1907 ubortion was reported to be vecurring
in this flock. which wuas in Lincolnshire. It consisted
of 100 Tincoln ewes, 40 of which (40 per cent.) aborted.
The abortions Legan from i month to three weeks hefore
the date ut which the ewes were expected to lnmls,

On February 9th two Limbs (C L and C 2). which
had been aborted. were sent to the laboratory. An
aborted calt :amd its membranes were received from the
same place on February 12th.  In the membranes and
Huid from the stomach of this calf (C 3) a fair number

of the bacilli of cattle abortion were “found. The
owner of the farm. knowing that his cattle were

infected with cattle abortion. was inclined to think that
they had infected his ewes, as the cows and sheep had
been grazed on the same pastures. The lumbs sent
were nearly up to time indevelopment.  No macroscopic
lesions could he found. but microscopical examination
revealed o small number of vibrios in the fluid taken
from the stomachs.  The vibrivs were in pure culture.
and nothing resembling the bacillus of cattle abortion
could be found either by cultural or microscopical
examination.

The finding of this peculizin vibrio in connection
with outbreaks of abortion in sheep in two such widely
separated countics us Devoushire and Lincolnshive lent
fresh support to the impression that the organism was
causilly connected with the outhreaks. The following
experiment was carried out with the stomach fluid from
the above-mentioned lambs.

Experiment 10, Ewes 72 and 73.

Ewe 72 (Cheviot) was tupped on Junuavy 9th, 1907,
She was, therefore, due tu lamb carly in June. Ewe
73 (Dorset) was tupped on January llth, 1907, and
was also due to il early in June. A mixture of two
parts of the thick fluid from the stomichs of the above
Liombs wus diluted with one part of broth, and. on
February 9th each of these ewes received 2 ce of the
mixture into the jugubur vein and 5 ¢ into the
viging.  No temperature re-action  followed upon
inoculation. Bwe 72 gave birth to a live lamb on
June Gth, 1907, that is about full time. Neither vibrios
nor baeilli of cattle abortion could be found in smears
made from the fwetal cotyledons,  Material was removed
by swabs from the genital passage shortly after the
Jlamb was born. but no special microbe was tound in
smears made {rom the swabs.  On the same duy (June
6th) it was thought advisable to kill her tellow, Ewe 73.
and exumine her uterus before it became open.

Lesions.— Atter slaughter the neck of the the uterus
was tied, the organ excised. and taken to the labora-
tory. No external lesions wero present. On opening
into the organ no exudate could be discovered. The
cotyledons looked healthy, and the uterine mucous
membrane appeared normid.  The fetus (Lamb 33)
was well developed and up to time.

und  Cultural  Evewminalion.—No
bueteria could be found by microscopical or cultural
examination of material taken from the uterine mucous
membrane.

Microscopieal

A
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Sunnmnary of Observations in conneetion with Plock 3.

Percentuge of abortion in flock. 40 per cent. Vibrios
were demonstrated.  Two pregnant ewes were infected
with natural material by the veins; neither aborted.

Flock 4.

This flock was located in Somerset.  On the
+th February 1907 abortions were reported to have
accurred. and the following particulars were obtained.
The flock consisted of 241 ewes which lad been tupped
at different periods to lamb down from the last week of
December to the beginming of March. About the first
week in December a nnmber of ewes commenced to
abort, and from that time onwards abortions continued
to take place. As mauy as four or five ewes would
abort on the same day. Most of the fatuscs were
putrefying when expelled. At the earlier dates the
fwtuses were devoid of wool, and were appavently
not neurly up to time. In the month of Jannary, how-
ever. most of the fwtuses were covered with wool.
Only a few were alive when expelled. and none of these
lived for more thun an hour. Up to the 4th Febrnary
70 ewes had aborted. and hefore the end of the lambing
geason abortions had cceurred in slightly over 30 per
cent. of the flock. A lamh (D 1) which had been ahorted
with its memlnunes on the moming of the 11th
February was forwarded to the laboratory, where it
arrived the sume evening. The lamb was nearly at
full time, and showed mno macroscopic lesions. The
feetal membrunes. which were tfresh, showed very little
alteration. except that eertain of the cotyledons were
yellow and anemic-looking, like some of those taken
from cows which have aborted (sec Report. Purt I,
Epizootic Abortion in Cattle. p. 5). The vibrio was
found in large numbers in smears made {rom the feetal
cotyledons, but, of course. the cotyledons hid become
contaminated by extraneons material. The fluid from
the stomach of the lamb (D 1) alsu contained vibrios,
and pure cultures of the organism were obtained from
it in fluid und solid media. The following experiments
were curried oul with the material obtained from this
flock :-—

Experiment 11, Ewes 89 und 90.

Ewe 8¢9 (Cheviot) was tupped on October 1uth. 1406,
and wis due to lamb early in March.  Ewe 90 (Cheviot)
wis tupped on February Sth. 1907, and was due to
lamb carly in July. On February 12th an emulsion
wus made by washing the cotyledons from Lambh D 1
(sent up from Flock 4) in stervile water. The cotyledons
had heen preserved on ive since the time of arrivul
(Febrwary 11th). On this day, ce. February 12th,
each of the above ewes received SU c.c. of the mixture
hy the mouth and 50 c.c. by the vagina.  As the ubject
at this stage of the inguiry was to find out whether or
not material from aborting ewes wonld produce abortion
in others. it was thought advisable to introduce some
of it by the veins as well as by the natural orifices. und
on Februwry 15th cacli ewe received into the jugular
vein 3 c.c. of fluid from the stomach of Lamb D 1
diluted by one half with sterile broth.  No temperuture
reaction followed inoculation.

Ewe 89 aborted a dead fetus (Lamb 40) on March
12th, that is 153 days from the commencement of
pregmancy (practically at full time). and 25 days after
imoculation into the vein.  The b was well developed,
but the lungg had never Leen inflated.  The fluid from
its stomach contained a small number of cocei and
longish rods. but the culture media sown with the
material remained stevile. It is probable thut these
were chance organisms. which had inveded the {fotus
after expulsion. a5 it had lain in the pen for some time
before it was discovered. The ewe was immediately
slaughtered. the neck of the uterus ligutured. and the
orgun cuat out for eximinution in the laboratory.

Lesions.—On opening into the organ many of the
fatal and matermal eotyledons were found to be still
attached. The surfuces of those separated were bathed
in what looked like a milky juice. The uterine mncous
membrane was covered at parts by a veddish-brown
exudate rvesembling thick mucus in consistence, In
other reapects the membrane appewred normal.

Microscopical and  Cultural FEeuminalion —The
exudate contained a considernble number of vibrios,
but, as was expected, seeing that the uterus had been
open, they were not present in pure culture. Enor-
mous numbers of vibrios im pure culture. however.
were found in prepurutions made from the fetal and
maternal cotyledons after separation Dy traction.
These preparations nlso showed a large number of
leucoeytes. Nothing resembling the bacillus of cattle
abortion could be found either by microuscopical or
culturnl examination. Pure cultures of the vibrio
were olitained in tubes of glycerine-roth-serum sown
with scrapings from the freshly-separated cotyledons.

Ewe 90 was slaughtered on the Gth June. that is
about 1 month before the time when she was expected
to lamb. The uterus, however, was empty and had no
appearance of ever having been pregnant. No bacterin
could be found in serapings from the uterine mucous
membiane of Ewe 90, cither by microscopical or
cultural examination.

Experiment 12, Ewe 74

Ewe 74 (Cheviot) was tupped on January 15th,
1907.  On February 15th. that iz & month after
taking the tup. she received into the jugular vein 3 c.c.
of a dilation to a half with broth of the fluid from the
stomach of Lamb D 1 received from Flock + The
fluid had been collected in sterile pipettes, and had
been preserved on ice since the 1lth Febrnary, the
date on which the lamb arrived at the laboratory ;
it lmd given pure cultures of vibrio. For two days
after inoculation the temperature of this ewe varied
from 104°G to 103, but on the third day it fell to
normal and the ewe showed no disturbunce of health
On Muay 25th. ce. 145 days after taking the tup
(ncarly nt full time). and 99 days after inoculation.
Ewe 714 aborted two lumbs. One of these was born
alive, hut only lived for about an hour. Ome set of
membranes came nway with the lamb. It was covered
by a thick reddish-brown exudate. some of which had
hecome almost solid.  Microscopical prepurations made
from this exudute showed enormous numbers of
vibrios. The lanbs (51 and 52) were practically up to
time, and vibrios were found in the fluid from the
stomachs of both of them. In the case of Lamb 351,
which was horn alive, other organisms than the vibrio
were also present. but in the stomach fluid of Lamb 52
the vibrio was the only orgimism which could be found
by microscopical examination, and pure cultures were
ubtained in solid and fiuid media.  Nothing resem)ling
the bacillus of cattle abortion could be found in the
material taken from these lambs. The ewe was killed
ahout two howrs after she had aborted ; the neck of the
uterng was ligatured; the organ was cut out and
taken to the laboratory for examination.

Lesions. - The uterus was partially contiucted, but
its wall was eedematous and much thicker than normal.
On cutting into the orgun the uterine mucous mem-
brane was normal in appearance. but was covered af
different parts by a yellowish and reddish-brown
exwdate.  The one set of membranes was still attached
to the uterns.  Oun pulling apart the foetal and maternal
cotyledons u white milky juice wius found in the
separated surfnces.

Microscopical and Cultural Examination.— Prepava-
tions made from the uterine exudate and from the
cotyledons showed large numbers of vibrios under the
microscope. Cultures of the vilnio were obtuined trom
the uterine exudate and cotyledons, but, as was not
unexpected, seeing that the uterus lLad heen open.
these cultures contained other bacteria.

Experiment 13, Ewes 101, 104, and 106.

Ewe 10UI (Cheviot) wus tupped on February 13th,
1907. Ewe 104 (Cheviot) was tupped on Felnuary
1Gth. 14907, ILwe 106 (Cheviot) was tupped om
February 17th, 1907.  All three ewes, therefore, were
due to lamb early in July,  On the 17th April, that is
63 days after being tupped in the case of Ewe 101,
66 days in the cuse of Ewe 104, und 67 days in the case
of Ewe 106, each of these three ewes was infected with
an emulsion of pure cultures of the vibirio obteined on
artificinl media.  The original culture had heen obtained
from the cotyledons of Ewe 89 (se¢ Experiment 11).
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Threg agar-gelatin-serum tubes, which were (irat sub-
(fultm'e-s from Ewe S9 anit which had been ineubated
t(_ﬂ‘ 24 days. and one plyeerine-hroth-serum eulture
g(J c.c.), which was also a first subculture and hard heen
incubated for the same time, were trituwrated in a
sterilised mortur with 36 c.c. of sterile broth. Ewes
101 and 104 each received 5 c.c. of the above mixture
into the jugular vein and 5 c.c. inlo the vaging. Ewe
106 received 5 c.e. into the jugular vein. No tempera-
tare reqction followed inoculation in any of these ewes.
On May 11th each of the three received intravenously
4 e of u glycerine-hroth-serum subculture from the
stomach fluid of Luumd D 1 sent up {rom this Flock (+)
on February 11th.  The enltnre was diluted with 5 e.c.
of sterile water before injection.  Ou June 4th each ot
the ewes was again injected into the jugular vein with
3 ce. of 4 mixture prepired from two agar-gelatin-
serum subenltures of the stomach flnid of Lamb 52 (sec
Experiment 12, Ewe 74) by triturating the solid cultures
with 10 c.¢. of a glycerine-broth-serum subculture which
hiul the same orvigin. In addition each rveceived by
the vagina on this date 10 c.c. of a mixture prepured
by triturating with 30 c.c. of sterile water an agar-
gelatin-serum  subeultwre which had originally been
obtained from the uterine exudate of Ewe 74 (see
this Flock. Experiment 12). The rcason for introducing
the cultures from Ewe 7+ (which was the same strain
of virus) into this experiment was that they had heen
about. six wecks less than those from Fwe 89 under
conditions of artificial cultivation. and it was thought
that those from Ewe 8% might possibly have lost their
virulence at the diate they were inocnlated, as they
showed evidence of less active growth in the incubittor.

Ewe 101 showed what were helieved to be signs of
approaching purturition on the morning of June T1th.
that is 118 days from the date of service. aud 55 days
after the first infeetion. This ewe wus immediately
sluughtered. and her uterus examined. The appearance
of the uterus on post morlem did unot indicute that
abortion was about to tauke place. The membranes
were firmly attached. the fwtus was well developed for
the period of pregnmancy. and no exudate was present
on the ulerine mucous membrane. On separaling the
maternal and fetal cotyledons by traction, however,
the surfuces of some of them showed a very small
amount of white milky juice, but no vibrios could be
found by mieroscopical examination. and cultwres were
not. attempted.

Ewe 106 showed signs of uneasiness on the morning
of June vth. /e, 114 days from the date of service and
about five weeks from full timne. A thick bhrown dis-
charge was observed around the genital organs.

As the symptoms continued, this ewe was
slaughtered on the afternoon of the same day; the
neck of the uterus was ligatured. and the organ was cut
out and taken to the laboratory for examination.

Lesions.—"The wall of the organ was wdematous
and thickened. After seaving the swrface with a hot
iron incisions were made into ihe uterine cavity., A
reddish-brown exudiate of the consistence of thick
mueus was fonnd on the mucous membrane and on the
chorion. particularly in the neighbourhood of the coty-
ledons. The fa:tal membranes were wdematous. The
fartus (Lamh 54), although fairly well developed, had
evidently been dead for some little time, as a blood-
tinged fluid was present in the pevitoneal cavity. The
maternal and fatal cotyledons, which could be easily
pulled uapart, showed a consideinble amount of white
milky juice on the sepmrated swrfaces.

Microscopical and Cultural Ezaminaiion —Smears
made from the exudate and cotyledons showed a con-
siderable number of vibrios which were appavently
present in pure culture. Pure cultures of the vibrio
were obtuined on fluid and solid media from the utervine

exudute and from scerapings of the cotyledons. No
vibrios could be found in the Huid from the fwtal
stomach by microscopieal examination, but pure

cultures of vibrio were obtained from it un solid media.

Ewe 104 went over her time, and she was slangbtered
in the belief that she was not pregnant, which turned
out to be correct. She had never shown any signs
of having uborted, and the uterus on examination guve
no evidence of having been pregnant. No Dhacteria

A ITISH—1

could bLe found in made from the uterine

mucons menibrme.

smeceilrs

Experiment 14, Ewes 103 and 107,

Ewe 105 (Cheviot) was tupped on February 17th’
1907. Ewe 107 (Cheviot) was tupped on the 20th
February. Both ewes, therefore, were due to lamb
about the middle of July. On May 27th, i.e, 101 days
after service in the caseof Ewe 103, and 98 days after
service in the case of Ewe 107, each ewn received
by the mouth I ounces of aun emulsion which was
preparved by Lruising the feetal membranes of Twe 7t
(sce Experiment 12) in sterile water. Ewe 74 had
aborted on the 25th May, and during the interval
hetween that date and the 27th the membranes had
been kept on ice.

Ewe 105 gave birth to a live lamb on July 25th, ie.,
at full time. The lamb was healthy and well developed.
Smeirs were made from swabs which had been inserted
into the vaginu immediately after parturition, hut no
vibrios or bacilli of cattle abortion could be found.
This ewe afterwards developed metritis, which probably
was only a coincidence, and had nothing to de with the
experiment.

Ewe 107 was slaughtered after she had gone alout
i fortnight over time, as it was decided that she was
not pregnant. The uterus on examination was uite
normal, and apparently had never been pregnant. No
bacteria could he found in smears or cultures made
from scrapings from the uterine mucous membrine.

Experiment 135, Ewes 102 and 29.

Ewe 102 (Cheviot) was tupped on February 15¢th.
1907. Dwe 29 (Dorset) was {upped on February Gth.,
1907. The former. then, was due to lamb about the
middle of July and the latter about the first week in
July. On May 27th, 7.c., 101 days after serviee in the
cuse of Ewe 102 and 108 days in the casc of Ewe 29,
each ewe receivedinto the vagina 50 c.c. of an emulsion
made Dy Dbruising the cotyledons of Ewe 74 with sterile
witter. The material had been kept on ice since the
28th Muy (12 days), when Bwe 7-faborted. In addition
each received into the jugular vein on the same day 3 c.c.
of a broth culture from the cotyledons of Ewe 74 (ree
Experiment 12). The culture had been incubated for 48
hours. No temperature reaction followed inoculation.

Ewe 29 aborted one lamb at unoom on the 14ith
June, ie.. 128 days after service, about three weeks
before full time, and 18 days after infection. The
lamb (Lamb 56) was born alive, but it only lived for
half an hour. A brown coloured discharge was present
around the genital organs, und this contained un
immense numiber of vibrios, through not, of course, in
pure culture. The ewe was slanghtered immediately
after the death of the lumb, the neck of the uterus
was ligatured. the organ cut out, and taken to the
lahoratory for examination.

Lesions.—No lesions were found on the external
swrface of the uterus. On cutting into the organ,
however, congested areas wero found on the mucous
membrane. A fairly plentiful amount of exudato
resembling Dlood-stained mucus was found in the
uterine cavity. The fotal membianes were still
attached, but could be easily separited by traction.
On separation the suwrfaces appeared to be covered
with an abundaut milky-looking juice.

Microscopical and Cultural Franiination. — The
uterine exudate and the juice from some of the
cotyledons contained large numbers of vibrios, but the
exudate, ns was not unexpected, seeing thut the uterus
had been open, show a few other organisms. Pure
cultures of the vibrio were obtained in tluid and solid
medin by sowing with.the juice of the cotyledons
which had been freshly separated. Tubes of culture
media inoculated from some of the cotyledons, however,
remained stervile. No vibrios could be found by
wicroscopical exumination in the fuid from the fetal
stomach, but cultures were obtained by sowinge media
with this material. They were, however, impm%, owing
probably to the lamb baving lived for some little time
after birth. Nothing resembling the bacillus of cattle
abortion could be found in the uterus or feetus of
this ewe.

i}
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Lwe 102 was slaughtered on August 13th, that is
about two months over full-time. The uterus had
apparently never been pregnant.

Swmmary of Qbservations in connection with Flock 4.

Percentage of abortions. 30 per cent.; vibrics were
demonstrated in material. Ten ewes were put under
experiment, four of which were not pregnant. Four
pregnant ewes aborted and showed vibrios. One of the
latter was infected by the veins, vagina and mouth, with
natural waterial; two received natural material by the
veing; one received natural material by the vagina and
culture by the veins. Two pregnant ewes did not
become infected. One of these received culture by the
veins and vagina, and one received natural miterial by
the mouth.

Flock 5 (Hampshive Downs).

During the second week of Februury 1907 ubortion
wag reported to be ocenrring in this flock, which was in
Berkshire. Mr. Brand, one of the Board's Veterinavy
Tnspectors, was instructed to visit the farm and obtain
all particulars, and to send material for investigation
to the laboratory. The flock consisted of 300 ewes, of
which over 80 (27 per cent.) aborted. DMost of the
ewes aborted about the sixteenth week of pregnancy,
that is about fonr or five weeks before full-time, but
the first abortion took place in a ewe during the
twelith weck of pregnancy. A ram and ubout 20
shearling ewes had been Lrongeht on to the finm in the
autumn. It was noticed by the shepherd that several
of the ewes served by this rum returned for service
after alout six weeks, and then became pregnant.
Some of thesc ewes along with others aborted. but it
was mot possible to conneet the introduction of the
disease with the imported lot. On the 14th February
two aborted lambs (E 1 and X 2), both within
thrce weeks of full time, and a mummified fetus
which had been aborted at the same date, were sent
to the laboratory. These were dealt with the same
evening. Nothing could be found in the mummitied
i'cntns.l but the tluid from the stomachs of the other
two contained vibrios in considernble numbers, and
actively growing pure cultures ot the vibrio were
obtained m fluid and solid media. On the following
day, February 15th. a ewe (Ewe E). which was thought
to be showing signs of approaching parturition three
or tour weeks before full time, was killed. The neck
of the uterus was ligatured, the orgun excised, and
despatched at 2 p.n. to the laboratory, where it
arrived the same evening at 6.30 p.m. This muterial
was dealt with on arrival.

Tesions.—The wall of the nteius near the neck was
cedemuatous and much thickened. The surface of the
organ was seared with a hot irun. incistons were made
with 2 heated scalpel. and material was removed for
cultural and microscopical examination. On opening
the uterus 2 consideruble amount of mucus-like
material was found on the mucous membrane and the
chorion. In some places this exudate was grey in
colour : it was, in fact. like the normal uterine muecus,
except that its amount was greatly incressed. In other
places the exudate was t'eddish-_hruwn in colour. as if
at scme period it had Teen mixed with blood. Its
consistency varied from that of fluid mucus to that of
dough. dany of the cotyledons were softened and
hrolen down. Some had evidently separated some
little time before the post mortem examination wus
made, and it is possible that this premature sepumt_ion
may have led to a certain amount of blood becoming
mixed with the exudate. The foxtal membrunes were
very wdematons. Two fwtuses (Lambs B 3 and E4)
were contained in the uterus. Both were perfectly
iresh, and neither showed macroscopic lesions of any
kind.

Microscopieal and Cultural Eraminafion.—Smears
made from the uterine exudate showed vibrios in large
numbers, but a few foreign organisms were also present.
Cultures of the vibrio were ohtained in fluid and solid
media, but a few other micro-organisms also grew in
the tubes. ‘The fluid from the fwtal =tomuchs also
showed vibrios to the microscope, and pure cultures of
the organism were obtained from this material.

Experiment 16. Ewes 84, 95, and 96.

Ewe 91 (Cheviot) was tupped on February 7th, 1907,
and was due to lamb about the first week in July.
Ewe 95 (Cheviot) was tupped on Februury 11th. 1907,
and was due to lamb about the same timeas the former.
Ewe 96 (Cheviot) was tupped on the same day as
Ewe 95. On February 16th, e, nine days after
service in the case of Ewe 94 and five days in the case
of Ewes 95 and 96, each ewe received into the jugulwr
vein 5 c.c. of a dilution of the fluid from the twtal
stomach of Lam) B3 from Flock 5, containing {wo parts
of stomuch fluid and one pinrt of sterile broth. At the
same time each ewe received into the vagina 20 c.c. of
a dense emulsion in broth of the uterine exudate from
Ewe E.

In the case of Ewe 94 the temperature rose to 106
the day after inoculation, but on the following day it
fell to normal. On February 20th. that is four days
after the first inoculation, it was thought advisabie
also to incculate into the veins with the uterine
cxndate from lwe E, und each of the threc ewe
received into the jugular vein 3 c.c. of a dense emulsion
in broth of this material.

The temperature of Ewe 94 rose to 107 the day
after inoculation, but returned to the normal on the
following duy. The two other ewes did nat appear tu
Le disturbed systemically.

Ewe 94 was killed on May 4th. that is 36 days after
service (G4 days Lefore full time), and 77 days atter the
first inoculition. The ewe was not showing .y
symptoms of approaching abortion, but it wuas thought
that by killing her we might pussibly be in a position
to study the lesions of abortion in the early stage of
the disease. The neck of the uterus was ligatwred. the
organ wag excised. and taken to the lahorvatory for
exumination.

Lesions.—Externally the uterns showed no micro-
seopic lesions.  Incisions were made through the wall
of the ovrgan after il had been scared, but nothing
abnormal wuas found. On opening the uterus it wa
found to contuin a fotus (Lamb 48), which wax well
developed for the period of pregmancy. The utevine
mucous membrane and the fetal envelopes were
normal in appearance. No hacteria of any kind were
found either by microscopical or cultural examinalion
of material taken from the mucous membrane and the
cotyledons. The contents of the feetal stomach con-
tained no bacteria.

Ewe 95 wus slanghtered on the 15th June, that is
124 days after service (nearly four weeks before full
time), and 119 days after the first inoculation. This
ewe was not showing signs of approaching parturition
at the time she was slaughtered. but it was thought
that as most of the animals observed in the field
aborted about a month before full time, she ought ut
this date to show lesions, if she had become infectad. .
The neck of the uterus was ligatured, the organ wus
exciged aund talken to the laboratory for examinution.

Lesions—Externally the uterus appeared normal.
Its surfuce wus seared in the usual way. and incisions
were made with o heated knife. At the site of these
incisions an abnormal though not very excessive nmount
of white-coloured mucus was present on the uierine
mucous membrane and chorion, and it was possible
to obtain some of this for cultwral aund microscopical
examination. On opening the organ most of the
cotyledons were firmly attached, but on separating
them by traction they appeared markedly congested,
and a considerable amount of milky juice was foumd
on the separated surfaces. Some of the cotyledons
wlso appeared to be softer thun normal. The uterus
contuined one fwtus, which was well developed tor the
period of pregnuney, and showed mno acroscopic
lesions.

Microscopical and Cullural Fzamination.—QOuly
a few vibrios were found in smears prepared from the
exudate, but they were fairly plentiful in preparations
made from the sepurated cotyledons. Pure cultures
of vibrio were obtzined in fluid and solid media Dby
sowing with scrapings from the cotyledons. Apparently.
however, the vibrio was not present in every cotyledon,
as they could not always be found with the microscope,
and some of the tules sown remained sterile. ‘The
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contents of the fotal stomach showed no microbes
under the microscope, sand tubes of culture medin
sown with this aterial remained sterile. Ewe 98
apparently id not become pregmant. She was never
observed to abort, and when the ulerus was examined
after shinghter on the 13th Augnst it had no appenr-
ance of ever having heen pregnant. . No bacteria could
he found either by microscopical or cultural examina-
tion of materinl scraped from the uterine mucous
membinne.

Svempry of Observabions in conneclion with Flock 3.
’roportion of abortion. 27 per cent.; vibrios were
demnustrated. Three ewes wers put under experiment,
one of which was not pregnant. The two pregnant
ewes recelved natuml material by the veins und vagina ;
one became jnfeeted. und showed vibrios.

Flock 6.

About the middle of February 1907
reported to be ocewrring in this fock., which was in
Sultolk. The flock consisted of 196 ewes, which were on
a lowland farm, and before the end of the lambing
season 50 per cent. had aborted. The trouble began
about 0 month hefore the ewes were due to lamb.  The
owner wus asked to slaighter a ewe which he considered
was showing premonitory symptoms of abortion, und to
[orwurd the uterus. This ewe (BEwe F) was slanghtered
on the 21st February. and the uterus arrived at the
laboratory on the evening of the same day. The neck
of the organ had leen ligatured according to instrue-
tions. and it was packed in w large rubber bag which
had heen sent from the laboratory to the farm for the
purpose. In spite of the eareful packing, however, the
organ had become ruptured in iransit. On arrival it
was found that a considerable amount of licht yellow
liquid containing mucus-like flakes hud been pressed
out through the rupture into the water-proof cover.
Smears from the uterine exudate were examined, and
severil varieties of organisms were found. The exudate,
however. was not putrid. Some of the organisms had a
certain amount of resemblance to the hicillus of cattle
abortion. It was found. however, by culturitl examina-
tion and by inoculation to a pregnant heifer that the
bacteria present had no relation to the hacillus of cattle
abortion. The cultnre tubes, in fact, showed that the
hacterin under discussion were micrococci. No vibrios
could be found in the smears made from the exudate,
nor could they he observed in the mixed cultures
obtained on artificial medin. The fmtus which was
contained in this uterus was well developed, and showed
no macroscopic lesions. No organisms were found by
microscopical or cultural examinition of the fluid from
the feetal stomach.  As the outbreank was reported at a
very late stage of the lambing scason, it was impossible
to get further material from this Hock.

abortion wus

Experiment 17, Ewe 100,

Ewe 1lo0 (Cheviet) was tupped on Februavy 13th,
1907, and was due to lamb early in July. On the
morning of the 22Znd TFebruary, .., nine days after
servien, she received into the juzular vein 8 c.c. of an
emulsion in Lbroth of the uterine exudate of Ewe I
(Ilock 6). This matcrial had heen kept on ice since
its arrival the previons evening. as it was then too
dark to carry out an experiment. On the day after
inoculation this ewe developed o very high temperature

-106-107—und died of septic pncumonia on February
26th, four days after inoculation. The septic pnenmonii
was in all probability caused by the material inoculated.
which e¢ontained various microbes. The uterus was
pregnant, but no bacteria of any kind could be discovered
by eultural or microscopical examination of material
taken [rom the uterine mucous membrane and fatus.

Experiment 18, Bwes 97 and 98.

Both these ewes (Cheviots) were tupped on Februavy
1ith, 1907, and were, therefore, due to lamb early in
July. On the 22nd February each received by the
monuth 10 ounces of a dense emulsion in water of the
uterine exudate of Ewe F. Starting from the day after
inocuwlation, hoth ewes for i period of six days showed
w temperature reaction varying from 103 to 106, and it
is not improbable that this was due to the same
microhes which had cunsed seplic  pneumonin  in

Ewe 100, inoculated into the jugulay vein with the
same material.

Bwe 97 was slaughtered on June 15th, that is 124
duys after service (about three weeks hefore full time)
and 113 days after inteciion. At the tisme of slaughter
she was not showing signs of approaching parturition,
but it was thought advisable to kill her, in the hope
that she might frrnish an opportunity for studying the
lesions in connection with abortion in sheep, and
provide uncontaminated material for bacteriological
examination. The neck of the uterus was ligatured;
the organ was excised and faken to the laboratory for
examination.

Lesions.—Externally no maeroscopic lesions were
present. One fetus (Lamb 59) was present in the
uterus; it was well developed, and showed no macro-
scopic lesions. On entting into the organ areas of
marked congestion, which might have gone on to @dema
had the antnzl lived, were found on the uterine mucous
membranc. The cotyledons were fairly firmly attached,
but on separation many of them showed a distinct
amount of white milky juice on the separated surfaces.

Microscopical and Cullwral Framination.—Vibrios
in small numbers were found in smears made from
some of the cotyledons. The uterns was left open
some time bhefore eultures were made, and although
gyome of the culture-tubes showed vibrios after incuba-
tion uther microbes also developed. No bacteria could
be found either by microscopical or cultural examination
of the contents of the stomach of the feetus.

It is not improbable, espesially in the light of
subsequent experience, that Ewe 97 would have
aborted had she not been slanghtered.

It is to be noted that owing to the condition of the
exudate from Ewe F, which was used for infection in
this experiment, it was deemed advisable to administer
it to this animal by the mouth only.and that, although
ne vibrios could be found in it by microscopical
examination, the uterus of Ewe 97 contained vibrios
113 days after infection with the material administered
by one of the natural orifices (the mouth). While not
supplying absolutely conclusive evidence that the
vibrio could cause abortion in sheep, this experiment
certainly showed that the vibrio-like organism intro-
duced by the mouth was able to invade the uterus and
live therein.

Ewe 98 apparently did not become pregnant, as she
did not brinz forth a lamb and was never observed to
abort. She was killed on the 13th August, and an
examination of the uterus showed no signs of it ever
having been pregnant.  No bacteria could be obtained
by culture or microscopical examination in scrapings
from the uterine mucous membrane.

Summary of Observelions fn conncetion with Ilock 6.

Proportion of aliortions, 50 per cent. ; vibrios were
nol demonstrated in material froin the field.

Three cwes were experimentally infeciad, one of
which died and another was found to be burren.

The remaining ewe, which received natural material
by the mouth, became infected, and show.l vibrios,

Plock 7 (Hompshire Dows .

Towards the end of Februuwry 1907 abortion was
reported to be occurring in this fluck, which was located
in Wiltshire. M. Brand. one of the Bonrd's Veterinary
Inspectors, visited the flock on the 26th February. and
obtained the following particulavs. It consisted of 320
ewes, of which 50 (156 per cent.) had aborted by the end
of the lambing season, which practically coineided with
My, Brand's visit. Abortion also prevailed amongst the
cattle on this farm. und it was thought by the owner
that the ewes had probably been infected by the cattle.
Abortion began amongst the ewes about a month before
lambing time.

On the 27th February a ewe (Ewe G), believed to
be showing signs of approaching abortion, was
sluughtered. The mneck of the uterus was ligatured,
the organ wus excised, and despatched to the ln.l;omtory,
where it arrived on the same evening. The muterinl
was examined ou arrival.

Lesioas.—The uterus showed no external lesions.
The gur‘fu.cc of the organ was seaved with a hot ivon,
and incisions were made with a heated scalpel.  From
these incisions it was possible to remove a considerable

1
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amount of exudate for microscopical and cultural
examination. On opening the organ it was found to
contain two lambs. Omne was almost putrid. the other
{Lamb G 1) was comparatively fresh. The uterine
mucous membrane and the chorion were covered by a
considerable amount of fluid exudate of a chocolate
brown colour, but no other lesions were apparent.

Microzcopical and Culiural Examination.—Smears
made from the uterine exudate contained a variety of
organisms, which was not unexpected seeing that one
of the feetuses had become putrid.  Nothing resembling
the vibrio or the bacillus of cattle abortion could he
found in the smears. Culture tubes containing various
medin were sown with the uterine exudate. hut these
ull developed a variety of bacterin, none of which were
the vibrio or the bacillus of cattle abortiom. The fluid
from the feetal stomach of Lamb G 1 also contained
several different varieties of microbes; no vibrios or
bacilli of cattle alortion were demonstrated in
this material, either by microscopical or cultural
examination.

A heifer, which eventually proved not to be preg-
nant, was inoculated with the uterine exudate.

Expcriment. 19, Ewes 99 and 35.
Ewe 99 (Cheviot) was tupped on February 11th,

1907. Ewe 33 (Dorset) was Lupped on February 14ih,
1907. They were both. thercfore, due to Lumb early in
July.

On February 28th each ewe received by the month
10 ounces of a dense emulsion of the uterine exudate
from Ewe G. This material had heen kept on ice
since the arrival of the uterus on the previous evening.
Four days after receiving the exudate by the mouth,
hoth these ewes showed signs of illness. Their tempera-
tures fluctuated for nine days between 104 and 106, and
the animals suffered from profuse diarrbeea. These
symptoms probably arose from the exudate being
putrid,

Ewe 99 was slaughtered on Juune 15th, Ze.. 124 days
from the date of service. about three weeks hefore {ull
time. and 107 days ofter infection. The reason for
slanghtering this ewe was that she did not appear to be
quite well. and it was thought that at this pericd after
infection whatever lesions were going to develop would
probably be in evidence, and it might be possible to
obtain pure material for bacteriological examination
from the uterus.

Lesions.—After slaughter the neck of the uterus
was ligatured, the organ was excised. and laken to
the laboratory for examination. The wall was slightly
thickened by edema. On opening into the organ it
was found to contain one fietus. A small amount of
reddish-hrown, mucoid exundate was found on certain
parts of the uterine mucous membrune, and on the
chorion. The uterine mucous membrane also showed
large patches of hamorrhugic congestion. Many of the
cotyledons had separated. These were broken down,
and had a pulpy appearance. They also appeared to
be distinctly swollen. On separating others by traction
the separated surfaces were covered by a milky juice,
which in some eases was blood tinged.

The fatus (Lamb 60) was well developed. and showed
no maeroscopic lesions.

Microscopical and Cultural Examination.—A con-
siderable numbher of vibrios were found in pure culture
in smears made from the surface of the cotyledons.
Pure cultures of the vibrio were obtained by sowing
culture media with the juice from the cotyledons.
Some of the tubes, however, remained sterile, and one
or two became foul.

Ewe 33 tuwrned out not to he pregnant; she had
never been observed to abort.

It is to be noted that in the case of Ewe 99 there
was produced, subsequent, to the administration of the
uterine exudale from Ewe G by one of the natural
orifices (the month), a condition which would almost
certainly have ended in abortion. and that vibrios were
found in pure culture in the uterine lesions of Ewe 99,
nlthox1g]1, (_n'ring probably to the multiple bacterial
contaminations in the uterine exudated of Ewe G,

which was used to infect the former, no vibrios could be
demonstrated in it.

Sammary of Observations in connection with Fflock 7.

Proportion of ahortions, 15 per cent.; vibrios were
not demonstrated in material from the field.

Two ewes were infected, one of which was mnot
preguant. The remaining ewe, which received natural

u}at?riul by the mouth, became infected. and showed
vibrios.

Ilack: 8.

Towards tho end of February 1907 abhortion was
reported to be ocenrring in this flock, which was located
in Lincolnshire. The flock consisted of 400 ewces. of
whicl.n 100 (25 per cent.) had aborted by the end of ihe
lambing season.  The owner reported that abortion in
ewes had been known on this farm for 20 years It
appeared at irvegular intervals, however. and when an
outbreak occurred. he generally reckoned that about
15 per cent. of his ewes would abort. Abartion usually
begun ahout a month before full time.

A lJamb (Lamb H 1). which had heen aborted with
its memhranes on the 25Uh February, was received at
the laboratory on the evening of the same day. The
chorion was covered at parts by i considerable quantity
of slimy exudate which was soiled by admixture with
extrancous material {earth. straw. hay. &c) in which it
had been packed.  Vibrios were not found in thi
exudate.

Experiment 20, Ewe 92,

Ewe 92 (Cheviot) was tupped on February 5th. 1907
On February 928th, ie., 25 days after service, she
received into the jugular vein 2 cec. of the siomach
Auid from Lamhb B 1, and at the same time 1.0 ounces of
densc emulsion in water of the slimy material from ilie
membranes of the same lamb by the mouth. No ter-
perature reaclion or illness followed the administration
of the materials. On July 16th, 7.c.. at full time and
138 days after infection, Ewe 92 yuve birth to o heulthy
living lamb. The feetal membranes were examined. but
neither vibrios nor bacilli of cattle abortion could be
found.

Experiment 21, Ewe 103.

Ewe 103 (Cheviot) was tupped on the l5th Fel-
ruary 1907, and was due to lamh ahout the middle of
July. On February 28th. ic.. 13 days after service.
she reccived hy the mouth 10 ounces of a dense
emulsion in water of the salimy material from the
membraues of Lamb H 1. This ewe showed no signs of
ill.health nfter receiving the material, but the tem-
perilure remained a degree higher than normal for
three days. On June 15th. 7.c., 120 days after service
{about. a month before full time), and 107 days after
infection. Ewe 103 was sluyghtered as she did not
appear to e quite well.  The neck of the uterus was
ligatured. the organ was excised, and taken to the
labovatory for examination.

»  Lesions.—No lesions were present on the external
smface of the organ. but through the wall one could
see a large livid patch of congestion on the mucous
membrane. On cutting into this patch it showed
hamorrhagic congestion, which would probably have
been followed by cedemu had the animal lived.
Some of the cotyledons were separating. but othera
were fairly firmly attached. They hud an abnormally
congested appearance, and showed a small amount of
milky juice on the suiface when separated. Covering
the patch of congestion there was a considerable
amount of white mucus-like exudate which was not
blood stained. One fetus (Lamh 61) was present.
It was well developed and showed no macroscopic
lesions.

Blicroscopical and Culturel Ezaminalion.— The
mucoid exudate contained a considerable number of
vibrios in pure culture, but no culture tubes were
sown with it, as the uterus had been widely dissected
hefore the material was ohserved. Vibrics were also
found in serapings from the cotyledons, bnt cultures
were not obtained, probally because the actual coty-
ledons selected for obtaining seed material were not
infected.
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X No bucteria could be found in the contents of the
fotal stomach either by microscopical or cultural
examination.

Swinmary of Observations tn connection with Flock 8,

Proportion of abortions, 25 per cent.; vibrivs were
not found in material from the field.

Two ewes were put under experiment. One, which
did not become infected, received nutural material by
the mouth and veins. The other, which became
infected and showed vibrios, had received natural
material by the mouth.

LaMuine Season 1908.

Flocl: 9.

A few cases of abortion were reported to have
taken plice in this fock. which was located in Wilt-
shire. The flock consisted of 300 ewces. of which 30
(L0 per cent.) uborted about 10 days before full tine.

On 8th February 1908, two lambs (J 1 and J 2)
and their membranes, which had been aborted hy
different ewes in this flock, were sent to the luboratory.

No vibrios or bhacilli of cattle abortion could be
found in the fiuid of the stemach of the lambs or in
material taken from the membranes.

Experiment 22, Ewes 157 and 155.

Ewe 157 (cross bred) was tupped on 7th January
1908, Bwe 158 (cross Dbred; was {upped om
Oth January 1908. Both ewes were expected to lanb
early in June.

The fwtal membranes of Lambs J | and J 2 were
washed with distilled water. and the Huid from the
stomachs of the same lambs was udded to the
washings

On February 8th, Ewes 157 and 158 received 15
ounces of theabove mixture by the mouth and 10 c.c.
by the vaginz. Both ewes unfortunately twmed out to
he non-preguant.  They had never been noticed to
abort.

Flock 10.

This fiock was located in Lincolnshire. A con-
siderable amount of abortion had oceurred in difterent
flocks in the district. but it was not reported to the
Committee until the lambhing senson was practically
at an end. This flock was the only one from which it
was thought still possible to obtain material. It con-
sisted of 254 ewes. of which 63 (248 per cent.) ahorted :
15 of the cwes which had aborted had died. The
farmers of the neighbourhood attributed the trouble to
the exceptionally wet season. owing to which the preg-
nant ewes had to run on sodden and very heavy
ground.

On Mirch 12th Mr. Gooch, M.R.C.V.S.. wha was
attending this flock, killed a ewe (Ewe K). which was
at full time. but appeared to be unwell. The neck of
the uterns was ligatured, the organ was excised. and
hrought to the laboratory, where it wus examined the
siime day.

Lesions.—The wall of the organ was thickened and
wdematous towards the neck. On opening into the
utevine cavity it was found to contain w very large
quantity of areddish-coloured Huid. This Huid wis much
thinmer than that usually present in cases of abortion
in ewes : in fact. the appemwrances sugygested that it might
he something different from what had been previously
met with. One fwebus was present in the uterus. 1t had
apparently been dead for some time, as the subcutaneous
tissue was blood-stained, and the inlestinal tissue was
Lecoming pulpy. No vibrios or bacilli of cattle
ahortion could be found in the exudate or in the Huid
from the feetal stomach. A varviety of microbes, how-
ever, which suggested that the uterus had been open,
were present.

Experiment 23, Ewes 159 and 160 (Cross-breds).

Both ewes were tupped on Juanuary 10th, 1908, and
were expected to lamb early in June,

On Mareh 13th. that is 61 days after service, each
yeceived 230 c.c. of the fluid exuduate from the uterus
of Ewe K., by the mouth and 10 c.c. of the same flnid
were injected into the vaprina,  Both ewes became very
i1l as the result of the dose administered by the mouth,

This was probably due to the variety of putrefuctive
microbes contained in the exudate. The symptoms
were those of enteritis, und diarrhea wus severe.

Ewe 159 sucenmbed on March 23rd, that is 10 days
after receiving the uterine exudate of Ewe K. The
intestinal mucous membrane was in a highly-congested
condition, and patches of superficial necrosis were
present. The carcase was rapidly becoming putyrid.
The uterus wis excised in the usual way and laken to
the luboratory for examination.

Lesiona.—The uterus contained a fatus, The
putrefactive process had extended. however. tu the
whole of the organ und its contents, rendering the
muterial (uite unsuitable for further investigation.
Scrapings {rom the uterine mucons membrane contained
a multitude of ditferent microbes, but no vibrios or
haeilli of cattie abortion could be found,

Ewe 160 showed a dark chocolute-coloured dis-
charge from the vulval on March 30th, ie., 17 days
after receiving the material from Ewe K. This dis-
charge was examined mieroscopically, und was found to
be very foul.  No special microbes could he identified
in the preparations.

Lesions.—Ewe 160 was immediately slaughtered.
The neck of the uterus was ligatured, the orgun was
excised, and taken to the laboratory for examination.
The uterus had recently heen pregnunt. but the fetns
had been expelled. and on searching the litter where
this ewe had heen penned, a fatus., which hid been
trampled almost into a pulp. wag found. From the
shrunken appearance of the eyes. however, it was con-
cluded that it had probably heen dead some days hefore
expulsion.

On cutting into the uterus it was found to contain
a small amount of a thick creamy exudate. As was
expected. this material contained a variety of microbes.
No vibrios or bacilli of cattle abortion could he
detected by the microscope, but this might have been
due to the rapid putrefuctive process going on.

Experiment 24, Ewes 161 and 162 (Cross-bred).

BEwe 161 was tupped on the Lith Januy 1905,
BEwe 162 was tupped on the 15th January 1908, and
buth were expected to lumbh carly in June.

As Ewe 160 (Experiment 23) had aborted suh-
sequent to the administration of material obtained
from an outbreak of abortion in the ficld, and as none
of the microbes which we were accustomed to assoeiate
with abortion had heen found either in the material
administered to Ewe 160 or im the uterine exudate of
Ewe 160. it was thought advisable to inquire whether
the trouble could be explained by the action of an
ultri-microscopic virus. A dense emulsion of the
uterine exudate of Ewe 160 was prepared by shaking
up the material with i quuntity of physiologieal salt
solution. A portion of this emulsion was passed
througha Chamberland filter (F.). Ewe 16l on March
3lst, that is 79 days after service. received 70 c.c. of
the filtrate by the mouth and 10 c.c. by the vagine, and
on the same date Ewe 162 received into the jugular
vein LU e.c. of the unfiltered emulsion.

BEwe 161 gave birth to alive lamb on June dth, fhat
is at full time. The membranes were recovered immedi-
ately after parturition. They appeared to be perfectly
norwal. and nothing but apparently chance organisms
could be found in smears made from the cotyledons.

Ewe 162 unfortunately turned out not to be
pregnant.  She had never been observed to abort.

Swmomary of Observations in connexion with Flock 10.
Propartion of ubortions, 24°8 per cent. ; na vibrios
were demonstrated in material from the field. The
material was very putrid.
Two ewes were put muder experiments.

One cwe
died.

The other aborted, but no vibrios were found.
Cunlrol Ezperiments to the Sevies carried ont duiing

the Lambing Season of 1908 af the Abortion
Commiltce's Laboratory.

It was thought advisable to control the experiments
done at the Commitiee’'s laboritory at Sudbury by
vbservations made on other premises wherve abortion in
sheep had never been introduced. These experiments
were carried out at the Royal Veterinary College
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DEPARTM I-I.'T'AIJ. COMMITTEE

ON EP1ZOo07TiC ABORTION :

Five ewes, believed to be pregnant. werc sent to the
College on Janmwury 15th. 1908, and on the 20th
Janunary pure cultures of the vibrio on agar and potato
broth were sent from the Committee’s laboratory to
be administered to these wanimals. The only cultures
availuble at the time were 36th subceultures from
Ewe 29 (sec Experiment 15). The tubes of culture
sent had been incubated for four days, and before being
administered to the animals they were kept in the
College laboratory outside the incubator for five diys.
It is to be ohserved, then, that the material used had
been kept up for a prolonged period under conditions
of artificial cultivation. An emulsion was prepared
which contained three agar cultures (36th subcultures
from Ewe 29) tritinated with about 15 c.c. of a liguid
eulture in potuto broth from the same animal. The
liguid culture wus also a 36th subeulture, and had
been incubated for four days.

Experiment 25, Ewes 152, 156. 145, 155, and 151.

Ewe 132 (cross-bred) was tupped on October 9th,
1907. and was expected to lamb early in March 1908.

Ewe 136 (cross-bred) was tupped on January 7th,
1908, and was expected to lamb early in June,

Ewe 148 (cross-bred) was tupped on December
12th. 1907. and was expected to lamb carly in May.

Ewe 155 was tupped on January 6th, 1908, and was
expected to lamb early in June. _

Ewe 151 was tupped on October 8th, 1907, und was
expected to lamb early in March 1903,

Ewes 152 und 156 were not infected. but were kept
as controls.

Oun the 25th Junuary 1908 Ewe 148 received into
the jugular vein 2 c.c. of the above-mentioned emulsion.
Ewe 155 received 3 c.e. into the jugular vein, and
Ewe 151 received an injection of 6 c.c. into the vagina.

Ewes 148 and 155 unfortunately turned out not to
be pregnant. They had never been observed to abort.

Ewe 151 gave birth to a live lamb on Mirch 11th,
1008, that is at full time. The memibrunes were
normal in appearance. and no vibrios could be found
in smears made from the cotyledons.

Control Ewe 152 cave bhirth to a live lamb at full
time on March 6th. 1908.

Control Ewe 156 aborted on April 17th, 1908, that
is about seven weeks hefore full {ime. The feetus.
which was shrunken. appeared to have been dead for
some time. TUnfortunately. however. notice of the
abortion wus received too late for a proper examination
to be conducted. and at the time it was examined it
was i @ slale of advanced putrefaction. It is not
improbable that the result in this control ewe may
have been due to conveying her nine miles in a cart
from the laboratory to the College. No definite con-
clusions coudd be drawn from these control experiments.

Lanping Srasox 1004,

Flocl: 11.

This flock consisted of 1.000 Funupshire Down ewes,
and was located in Hampshire.  Information was
received at the laboratory towurds the middle of
Jumuiry 1909 that some of the ewes in this flock had
aborted, Mr. Brmnd, one of the Buard's Veterinary
Inspectors, visited the farm on January 15th. and
reported that up to the day of his visit 50 ewes (5 per
cent.) had aborted ahout a month before full time, and
we were subsequently informed that no cases of
abortion had ocecurred afterwards.

The ewes, which were folded. had been carefully
observed. The aborted lumhbs were in most cases
putrid, but sume of them were fuirly fresh.

On the 15th Januury Mr. Brand slaughtered a ewe
(Bwe L) and couveyed the uterus to the luboratory the
sdANE evening.

Lesions.—The uterus showed no external lesions.
On opening into the cavity of the organ it was found
to contain @ cunsiderzble guantity of a durk reddish-
coloured exudate Lietween the mucous membrune and
the chorion. The cotyledons presented a pulpy and
anmwmic appearance like what had been found in other

cases of abortion. One lamb was present in the
uterus.

Mreroscopical  «and  Cultural — Ecominuiion.—
Smears made from the exudate contained a great

variety of mierobes, but no vibrios or Iucilli of cattle
ahortion could be found. No microhes could be found
in the stomach fluid of the lamb. Tuhes of culture
media were inoculated in the hope that it might be
possible ufter ineubution to ideutify some definite
orgnnism. The cultures, however, all become very
tonl. and nothing definite could be ubtained from them.

Mr. Brand also slanghtered a ewe which had aborted
a few howrs before he wrrived at the farm. The uterus
of this ewe was examined at the luloratory. Its wall
was much thickened by eedemn.  On opening into the
organ the membranes were found to be still attached.
A small amount of reddish slimy exudate was present
on the surface of the uterine mucous membrane.
Many of the cotyledons were in a pulpy condition. On
micrascopicnl examination the exudate was found to he
very foul. and no special bacterin could be identitied in
the preparations.

An attempt was made to infect u pregnant heifer
(see Experiment 60) with some of the uterine exudate
from Ewe L, but the result wus negative.

Experiment 26, Ewes 184, 185, and 193,

Ewes 184 and 185 (cross-bred) were tupped on
October 9th. 1908. and were expeeted to lamb early in
March 1909. Ewe 193 (cross-bred) was tupped on
Gclober 26th, 1908. and was expected to lamb Lowards
the end of Marel,

A dense emulsion of the ulerine exudate Ifrom
Ewe L (Flock 11) was prepared with sterile waler, and
each of the above ewes received 60 c.c. of the cmulsion
by the mouth and 10 c.c. by the vagina on January
161h. 1909, i.e., about three months after service in each
case.

Ewe 184 gave birth to a healthy lamb on March 41h.
1909, that is at full time. No vibrios or bacilli of
cattle abortion conld he found in preparations made
from the feetal membranes.

Ewe 185 gave birth to two live lambs on Felnuury
28th, 1909, ie., a few days before full time. No vibrios
or bucilli of cattle abortion could le found in the feetal
membranes. One of the lambs, which was very weakly,
died on the day after its birth.

Ewe 195 guve birth to two bealthy Lumns on March
25th, that is at full time. The membrunes in this cuse
were not recovered, so could not be exnmined.

Sunemary of obscrvations in connection with Flock 11
Proportion of abortions, 5 per cent.; na vibriog were
demonstrated in material from the field.
Three ewes were put under experiment. All received
nittural material by the mouth ; none became infected

lock: 12.

Abortion was reported on the 18th January 1904 Lo
be ovecurring in this flock. which was in Cuambridge-
shire.  On January 19th Mr. Brand. one of the Board's
Veterinary Inspectors, visited the farm. and obtaimed
the following particulars. The flock was composed of
345 pedigree Southdown ewes, of which 31 (9 per cent.)
had aborted. Most of the ewes aborted about a. month
Lefore full time, and the shepherd expressed the opinion
that the lambs must have heen dead for some time before
being alorted. The Hock was folded ou turnips. and
was fed in the usual way which obtains in the county.
Mr. Brand sliwughlered a ewe (Ewe M) which tie
shepherd thought would probably abort. Another ew:
(M 2], which had recently aborted, was also slaughtered,
and the uteri from Doth cases were conveyed to the
laboratory.

The uterus of Ewe M was found to Le guite normal
externally and internally. and o microhes of any kind
could be tound in scrapings from the uterine mucous
membrane vr cotyledons either by cultural or micro-
geopicid examination.

On opening into the uterus of Ewe M 2 (ahorted) it
wits found 1o contain’ a reddish slimy exudate on the
ulerine mucous membrane belween the cotyledons.
The fatal membranes were still attached, and many of
the cotyledons were in a pulpy condition. Micro-
scopical examinalion of the exudate showed that it
conlained a variety of microhes, which, of course, was
not unexpected, seeing that the animal hud aborted
some hours hefore heing slaughtered.
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Experiment 27. Ewes 178 and 17)).

Ewe 178 (cross-bred) was tupped on 11th November
1908, and was expected Lo lamb exrly in April.

Ewe 179 wus tupped on 11th Qclober 1908, and was
expected to lamb eurly in March. A thin emulsion
wis prepared by mixing one ounce of the uterine
cxudate from Ewe M 2 (aborted) with swerile water.
On 21st Junuary 1904, i.c., 71 days attor service in the
case of Ewe 178 and 102 duys in the case of Ewe 179,
cach received 200 c.c. of the above emulsion by the
mouth and 10 c.c. by the vagina. Both these ewes
went off their feed. and showed signs of ill-health after
receiving the exudate. This was probubly due to the
latter Leing foul, and it might be as well to note here
that we hive several times observed sheep show signs
of serious intestinal trouble after receiving decompoging
miterial of animal origin.

Ewe 178 was slaughtered on the 27th Januwawy.
that is, seven days after receiving the uterine exudute
of Bwe M 2, It was thought advisable to kill her
at this early date. because she was distinctly unwell,
and a small amount of yellow exudalte was noticed
on the fleece in the neighbourhood of the genital
orifice. The uterus was cnt out m the usual way
and taken to the laboratory for examination.

Lesions.—It contained one feetus. which seemed to
have been dead for some little time. A Jdark chocolate-
coloured exudate wius present on the uterine mucous
membiane, and on the chorion. The cotyledons were
firmly attached. and when separated did not present
that macerited appearance which had heen so frequently
found in connection with outhreaks of aburtion in which
the vibrio was fonud in the uterus. The uterine exudate
contained u vuriety of microbes. but neither vibnrios nor
Iriteilli of cattle abortion could be found.

Culture tubes were sown with the exudate, but all
of these became very foul. 3aterial from this ewe was
used for Ewe 177 (see Experiment 28).

On the assumption that the condition in the uterus
of Ewe 178 had been produced by the material
wlministered, it was thought advisuble to kill Ewe 174
for the purpose of examining her uterus hefore it
became open.

Ewe 179 was slaughtered on the 2nd February. that
ix, 12 days after receiving the exudate.

Lestons.—The uterus was pregnant and showed no
external lesions. On opening into the organ one fatus
was found. The uterine mucous membrune, the coty-
ledons and the fetus were all normal in appearance.
No microbes of auy kind could be found either by
microscopical or enltural examination of material taken
from the uterine mucous membrane. the cotyledons. or
the stomach fluid of the fatus.

Experiment 28. Ewe 177 (cross-bred Cheviot).

It was thought advisable to test whether the
exudate from the uterus of Ewe 178 (Experiment 27)
would prove infective to another ewe,

Bwe 197 was tupped on 28rd October 1908, and
wis expected to lamb late in March.  On 5th February
1909. that is 105 days after service. Bwe 177 received
by the mouth 80 c.c. of washings from the uterus of
Ewe 178 anld 20 c.c. of the sanme material were injected
into the vagin:.

On 17th Murch, that is at full time, Ewe 177 gave
birth to a live lamb. No vibrios or bacilli of cattle
whortion could be found in preparations made from the
maembranes.

Swamary of Obzervations n conneelion with Flock 12,

Proportion of ahortions, ¥ per cent.; no vilirios
were demonstrated in material from the field. Three
ewes were put under experiment. One ewe aborted
after receiving natural material by the mouth and
vagina, but no vibrius were found. The two other
ewes did not abort or show other signs of being
infected after receiving nntural muterial by the mouth
and vagini.

Flock 13.

In February 1909 abortion wus reported to be
oceurring in this tleck, which was located in Sultulk.

On L3th Felruary Mr. Biand, one of the Board's
Veterinury Inspectors, visited the farm, and obtained
the following particulars. The flock consisted of 280
Suftalk ewes. which were due to start lambing on
9th March. At the date of his visit 3S ewes had
aborted, and by the end of the lambing season the
number of abortions amounted to 64, or 21 - L per cent,

The first abortion had occurred on lst January,
i.e.. about two months hefore full time. The flock was
being fed on grass, dry food and turnips. and was
allowed to graze for the evening feed. The owner
stated that when he took the farm 28 years hefore he
was warned not to put his breeding flock on a certain
piece of black sand-land, as it was said to cause
abortion. For the first time since his tenancy he had
disragarded the warning, and had put his ewes on to
this particular piece of land to allow them to graze on
the remainder of u cabbage crop. Twelve duys ufter
grazing on this portion of the farm the ewes hegan to
abort.  The owner was inclined to attribute abortion
to the animals having eaten chickweed. which was
growing in abundance on this part of the furm.

Before Mr. Brand visited, Mr. Heatley, M.R.C.V.S.,
who consulted us about the outhreak, was good enocush
to select a suspicious ewe for slaughter, and he for-
warded the uterus.

The uterus of this ewe (N 1), which had been
slaughtered on the evening of the 7th February. arrived
at the liboratory on the morning of Felbruary Sth.
Mr. Heatley informed us that the ewe showed no
distinctive symptoms. She did not appear to b2 quite
well, and he had sliughtered her on chunce. The
organ had been packed in a large wuterproot g
Irefore despatch, and the uterine neck had baen sacnrely
ligatured.

Lesions.—The uterine wall was very wdemitous.
After searing the swrfuce, incisions were made ut
different parts of the wall. Throughall these incistons
it was easy to obtain a considerable amount of exudate
for microscopical and cultural examination.  On
opening the organ it was found to contiin one fictus.
The whole surface of the uterine mucous membrance
and of the chorion was covered with exudate, which
wus of & dark choeovlate colour. At some purts it was
quite fluid, whilst at others it had the consistence of
thick nmecus. The cotyledons, which were macerated.
were easily separated, and the sepwrated surfices
presented a very anmwmic appearance. The lamb was
fully developed tor the period of pregnuncy. except
that it was completely devoid of wool. It had.
Trowever, apparently been dead for a few days, s its
skin looked somewhat muacerated.

Microscopical and Cultwral Examinaetion.—Vibrios
were very abundant in smears made from the exudate.
They were the only microbes present, and uactively
growing pure cultures were easily  obtained by
invculating culture media.

This outbreak was considered of great importance
in the investigation of sheep abortion, as Ewe N 1 wus
ome of the few cuses from the field in which we had
had the good fortune to kill an infected animnl before
distinet sipns of approaching aburtion had mauifested
themselves. The fact that this animal from the field
showed the typical lesions connected with abortion,
and that vibrios were found in absolutely pure culture
in the exudate, supplicd further strongly presumptive
evidence that the vibrio which we had previously isolated
and studied caused epizootic abortion in sheep.

Mr. Brand was instructed to slkiiughter another ewe
in this Hock, which he did.  The uterus of this animal
(Ewe N 2), however, turmed out to be absolutely
normil.  Byidently the secomd ewe had not  been
infected.

dxperiment 29, Ewes 176 and Lv2,

Ewe 176 (cross-bred) was tupped on November 7tl.
1908, Ewe 192 (eross-hred) was tupped on Novembar
Gth. 1908.  Both were expected to lamb early in April.

On February 9th. that is 95 duys after service in
the case of Ewe 176and 48 days in the case of Ewe 192
each received into the jugnlar vein § c.e. of u dense
cmulsion of the uterine exudate of Bwe N 1. No

B4
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symptoms followed the inoculation. except that for one
daoy after the operation the temperature of each ewe
was a degree above the normal.

Ewe 176 was slaughtered on February 18th. that
is nine days after inoculation. as she showed a chocolate
coloured discharged from her vulva. Before slaughter
the discharge was examined microscopically. and vibrios
were found to be present. The uterus was cut out in
the usual way. and taken to the Ilaboratory for
examination.

Lerions.— Externally the organ showed no lesions.
On opening into the uterine cavity no exudate could he
found. and the uterine mucous membrine was quite
normal in appearance. A fatus was present, which
appeuared to be quite normal. No vibrios or bacteria of
of any kind werc obtained either by microscopical or
cultural examination from the uterine mucous membrane
or the cotyledons.

It is to be noted aboui this experiment that nine
days after inoculation into the veins with pare. natnral
material containing vibrios. the vibrios were found in a
discharge from the genital organs. although no uterine
lesions eonld be found on post-mortem examination,
Having regard to some of our former observations. in
which. although the uterns was distinetly infected. we
were only ahle to obtain vibrios from certain of the
cotyledons, it seem not improbable that if we had
exmmuined a greater number of cotyledoms in this case
we might hive found the organism. The result is
purticularly intevesting when considered with that
obtained in the fellow ewe (1492). which was killed about
a fortnight later.

Ewe 192 was observed to show a yellow watery
discharge at the valva on Mavch lst, 2., 19 days after
infection, amd about n month before tfull time.  Vibrios
were found in large numbers though not in pure culture
in microscopical preparations made from the discharge.
At 3 p.m. on the same day it became evident that
Ewe 192 was aborting. The nuse of the lamb was
vigible. amt it was decided to deliver her by hand.
The fetus bad evidently been dead for some days. as
it was somewhat macerated and shrimken.  With the
espulsion of the fwtus a considerable quumtity of
chaeaolate-colonred muceoid exudate was also expelled.
This contained vibrins in large numbers along with
what appeared to be oceasional chance organisms.
The ewe was immediately slanghtered ; the organ was
excised in the usual way. and taken to the laboratory
for examination.

Legions.—Externally the organ showed no lesions.
Imt on cutting into its cavity a fairamount of chocolate
coloured mucoid exudate was found on the uterine
mucous membrane. This exudate contained vibrios
almost in pure enlture.

Experiment 30, Ewe 175.

BEwe 175 (cross-hred) was tupped on November 9th,
1908, and was expected to lamb early m April. On
Februavy 9th. 1909, /e. 92 days after service. she
received by the mouth 100 c.c. of an emulsion which
had been prepared by bruising the feetal membranes
and cotyledons from Ewe N 1.

On February 20th. f.e.. 11 days after receiving the
material by the mouth. a discharge was noticed to be
coming from the vulva.  This discharge wus examinecl
microscopically and, although it was vather foul, it
contained a considerable number of vibrios.

On April 3vd, that is practically at full time. Ewe
175 wave bivth to a live lamb, When the membrunes
were recovercd they were distinetly putrid. and no
vibirios could bLe found in the cotyledons.

It is to be noted about this experiment that. atthongh
the pregnant uterus of i ewe which had been fed with
matervial containing vibrios became invaded 1y this
organism, the animal did not abort. 3

Experiment 31. Ewe 198,
Ewe 198 (croes-bred) was tupped on November 3rd.
1908, und was expecied to lumb early in April.
On February 9th, that is 98 days after service, she
received into the vagina 10 c.e. of the sume matoerial ag
was given to Ewe 175 by the mouth.

On March 31st. that is practically at full time. she
gave birth to i live lamb.  The fatal membranes were
examined. but no vibrios were discovered. Apparently
in_this attempt to infect by the vagina the vibrio had
failed to gnin a footing in the pregnant uterus.

Experiment 32, Ewes 194 and 196,

Ewe It (cross-bred) was tupped on Novembor
13th. 1908, and was expected to lamb oun April Sth,
1409,

Ewe 196 was tupped on the 23th October 1108,
and was expected to lamb on March 24th, 1909,

On February 20th. 2 agar cultures made directly
from the uterine exudate of BEwe N 1 were trituwated
with 30 ¢.c. of a culbure in peptone hroth obtained from
the same source. The cultwres on agar had been
incubated for 10 days. The broth cultures, which were
first subeultures. had been incubated for six duys.

On the sime day. that is 99 days after service in the
cage of Ewe 194 and 115 days after service in the ¢use
of Ewe 196. each ewe received intravenonsly 5 c.c. of
the above mixtuwre nnd 10 ce. were injected into the
vagina.  No temperature renction of any kind tollowed
inoculation.

Ewe 194 was observed on Barch 2nd to be showing
a blood-stained discharge around the vulvia.  This
discharge was examined microscopically. and found t
eontain a Jarge number of vibrios.

On March 3rd, that is 11 days after inoenlation, 110
days atter service. and 34 days before full time, Towe
i&4 aborted a dead lamDb. The membranes were
recovered early. and serapings made from the feetal
cotyledons showed a consideralile number of vibrios on
microscopical examination. The lambh was well de-
veloped for the peried of pregnancy. No macroscopic
lesions could he found. and no vibrios could be
demonstrated either by microscopical or eunltural
examination in the fluid from its stomach.

Ewe 106 aborted a dead lamb during the night of
March 9th, that is I8 days after inoculation. 133 days
after service and 16 days from full time. “The mem-
brames which were hanging from- the vulva were
recovered, and vibrios were found in preparations made
from the fetal cotyledons. The lamb was up to time
as vegards development. It exhibited no macroscopic
lesions. but vibrios were found in the nid from its
stomach.

This ewe {196) was slaughtered on the morning of
the LOth March. the uterus was cut out in the usual
way and taken to the lahoratory for examination.

Lesions.—The uterine wall was very much thickened
at diffevent, parts by eedema. The cavity of the organ
contained a greyish mucoid exudate, which in some
pirts wis tinged with blood. The uterine mucous
membrane showed no macroscopic lesions. Some of
the cotyledons which were still attached were pulpy.
and easily sepavated. The separated surfaces showed
it considerable amount of white, creamy juice, which
was found to he composed mainly of lencocytes.

Microscopical and Cullural Exzaminalion.—The
uterine exudate contained a econsiderable number of
vibrios, but. as was expected, seeing that the uterus had
been opened, they were not present in pure culture.
Considerable numbers of vibrios werc seen in prepara-
tions made from some of the separated cotyledons.
but in smears made from others they could not he
found. Pure enltures of vibrio were obtained in various
media from the fluid of the lamb’s stomach.

This experiment is interesting. as the results were
positive after using an artificially grown pnre enlture
of the vibria.

Experiment 33, Ewe 83.

This experiment was undertaken for the purpose of
keeping up the strain obtained from Flock 12 which
had heen continued by cultures through Ewe 196
(Experiment 32). It illustrates the comparative un-
certainty of infection, especially when the infective
material is adwministered by the natmal ovifices.

Ewe 83 was tupped on December 27th, 1908, and
rhe wus expected to laml about the end of May 1909,

On the 13th March, that is 76 days after service.
Ewe 83 received by the mouth 160 c.c. of an emulsion
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prepared with stervile water
Ewe 196,

On Junc 4th, that is at full time, Ewe 83 gave birth
to a healthy lamh. The memnbranes were normal
In appearance, and no vibrios could be found in
prepoarations made from the feetal cotyledons.

from the cotyledons of

Experiment 34, Ewe 70.

It is to be noted about this ewe that she had been
successfully infected experimentally with cattle abortion
in 1907, and that she had aborted a lamb on June 17th
ol that year, but that she gave birth to a live lamb on
April 7th, 1908.

She wus tupped on December 25th, 1908, und was
expected to Iaml towards the end of May 1909.

On the L3th March 1909, that is 78 duys after
service, she received into the jugular vein 5 c.c. of the
following mixture : One agar culture of vibrio which
had been imcubated 10 days, and was a third subculture
from the uterine exudate of Ewe N 1. and one liroth
culture (6 c.c.) which was a second subculture from the
sine source, and had been incubated nine days. No
temperature reaction followed the inoculation.

On April 14th, that is 31 days after the inoculation,
109 days after service, and about 40 days before full
time, Ewe 70 aborted a dead lamh. No vibrios could
be found in the discharge which followed the act of
abortion, nor could they be discovered either by micro-
scopical or cultural examination of the fluid from the
Lanb’s stomach. The memhranes were rather putrid
when they were recovered. Smears made from the
cotyledons were very foul, and no vibrios could he
1dentified with the mieroscope.

The result of this experiment is disappointing, for.
although the ewe aborted following upon the adminis-
tration of cultures of the vibrio, no definite evidence
wits obtained that the vibrio was responsible for the
ahortion in this case.

Experiment 35, Ewes 203 and 204 (Dorsets).

Ewe 203 was tupped on Maxrch 20th. 1909,

Ewe 204 was tupped on March 22nd. 1904,

Both cwes were expected to lamb about the middle
of Augnst. An agar culture, which was a sixth
subeulture from the uterine exudate of Ewe N 1 and
had Deen incubated for 10 days. was triturated in i
sterile mortar with 100 c.¢. of a broth culture from the
same source. The broth cultwre wuas a seventh sub-
calture. and had been incubated for eight days.

On April 22nd, 19049, that is 33 days after service
in the case of Ewe 203 and 31 days in the case of
Jwe 204, each ewe received into the jugular vein 5 e.c.
of the above mixture. No temperature reaction followed
the inoculation.

On June 21st, that is 93 days after service in the
cuse of Ewe 203 and 91 days after service in the case
of Ewe 204. cach received into the jugular vein 5 ec.c.
of the following mixture :—two agar cultures, which
were ninth subceultures from the uterine exudite of
Ewe N |, and had been incubated 10 days, tritwrated with
10 c.c. of a broth cultmre from the same source, which
wias 2 tenth subculture, and had been incubated for
10 days. No temperuture reaction followed inocul:-
tion,

On July 30th each ewe received into the jugular
vein 5 ¢ ¢ of the following mixture :—two agar cultures,
which were fifteenth subcultures from the uterine
exudate of Ewe N 1, and had been incubated for
11 days, triturated with 10 c.c. of a broth culture from
the same source; the broth culture was a sixteenth
aubceunlture, and had been ineubated for four days.

As it wus thought possible that vibrios might
pass through the uterus, and create a certain amount
of catarrhal discharge without causing early abortion,
or without causing abortion at all (sce Experiment 30),
awabs were inserted into the vagina for scveral duys
after each injection, and microscopical preparations
were made from the fluids thus obtained. In no cuse,
however, could vibrios he found in preparations made
from these swabs.

Ewe 203 gave birth to a live lamb on 17th August,
that is, at full time. No vibrios could be found by
nmicroscopical examination of preparations made from
the fwtal cotyledons.

A 174891

Ewe 204 gave birth to u healthy lamb on 17th
August, that is, at full time. No vibrios could e
found by microscopical examination of preparations
made from the fwtal cotyledons.

It is interesting to compare the positive results
obtained in Experiment 32 (BEwes 194 and 196) by
using first cultures of this strain, and the positive
though somewhat incomplete result obtained in Experi-
ment 34 (Ewe 70) by using second and third subcultures,
with the negative results obtained in this experiment
uging subcultures of the same strain, which had
been for a considerubly longer time under conditions
of artificial cultivation. The first culture, it is to he
noted, was made on the 9th February; the earliest
subenltures used in this experiment. which were sixth
subcultures, were prepared on the 12th April, and were
used for infection on the 22nd April. The earliest
material, then, used in this experiment had been under
eonditions of artificial cultivation for 72 days.

Swimanairy of Obaervalions in connection with I'lock 13.

Proportion of ahortions, 21 * -k per cent. ; vibrios were
demonstrated in materinl from the field. Ten ewes
were put under experiment. Five of these aborted
and showed vibrigs. Of the five, two received natural
material by the month and veins. one received natural
miterial by the mouth, and two received culture by the
vagina and veins. One ewe aborted and did not show
vibrios after receiving culture by the veins. Tour ewes
did not become infected. OI the four, two received
culture by the veina, one received maitural material by
the vagsina, and one received natural material by the
mouth.

Layning SEasox 1910,

Floel: 14.

This flock, which consisted of +30 Hampshire ewes,
was located in Hawmpshire. Mr. Medlock, one of the
Board's veterinary staff, visited the farm on the
19th January, and ohtained the following particulars :
308 ewes were due to lamb in January, 12 were due to
Lunb on February 24th. and 30 on Fobruary 19th. At
the date of M. Medlock's visit 58 ewes had abortad
(13 per cent.).

Mr. Medlock brought back some stomach Huid from
a dead lamb (Lamb O 1) in sterile pipettes, but as no
ewe appeared to be showing symplows of ill-health he
did not slaughter any  No vibrios could he found in
the above-mentioned stomach lluid, which was very
foul.

On January 26th the owner by arrangement slangh-
teved i ewe (Kwe O) he thought was guing to uwbort,
and sent the uterus to the laboratory in i waterproof
bag which had Dheen sent to him for the purpuse.
Ewe O had been slaughtered on the day before the
uterus arvived at the laboratory.

Lesionz.—Externally the uterus showed no macro-
scopic lesions.  On cutting into the eavity @ chocolite-
coloured cxudate was found on the uterine mucous
membrane and on the chorion. One Lumb (Lamb O 2)
wits present in the uterus. It had apparently been
dead for some time, as its tissues werc macerated, and
the intestines had become converted into i cheesy
mass. The whole of the uterine contents were putrid.
No vibrios could be found in any of the material
examined from the uterus, bnt hosts of putrefictive
organisms were present.

As this material was too putrid to ullow of inocula-
tion into the veins, it was decided to administer it by
one of the natural orilices. 1t was also thought
advisable, seeing that no vibrios had been found, to
again examine the possib_ilit,y of the trouble being due
te un ultr-microscopic virus.

Experiment 36, Ewes 217 and 222,

Ewe 217 (Dorset) was tupped on October 27th, 1909,
and was expected to lamb at the end of Mureh 1910,

Ewe 222 (cross-bred) was tupped on November 5th,
1809, and was expected to lamb early in April.

On January 26th each of these ewes veceived by
the mouth an ewmulsion in water containing about
24 erammes of the uterine exudate of Ewe Q.

¢
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Ewe 222 uborted on February Tth, 1910, that is
12 days after receiving the material by the mouth.
94 days after service, and about 50 days bhefore full
time. The fwtus which wus found in the pen had
been so much tmumpled npon that it was useless for

exumination. The ewe wias slanghtered. its uterus
was cut ‘out, and taken to the laboratory for
examination.

Levions.—On opening into the organ it was found
to contain a blood-stained. watery fluid between the
chorion and the uterine mucons membrane. The
fatal membranes were fairly firmly attached.

Microscopical and Cultural Examination.—On
microscopical examination the fluid in the uterus was
found to contain a very large number of putrefactive
organisms. No vibrios or bacilli of cattle ahortion
could be found. So foul was this material that it was
decided not to use it for further experiment.

Ewe 217 showed signs of approaching abortion on
February 11th. 1910, that is 16 days after receiving the
material from Ewe O, 33 days after service. and ahout
117 days before full time. A chocolate-coloured
discharge was noticed to be coming from the vulva.
Smears prepared from this dischaige were examined
by the microscope, but nothing other than the usual
putrefactive organisms could be found. The ewe was
slaughtered, the uterus was cut out in the usual way.
and taken to the laboratory for examination.

Lesions.—The wall of the uterus was very wde-
matous, particularly in the neighbourhood of the neck.
On opening_into the organ a large amount of & brown-
coloured and very tenacious cxudate was found on the
surface of the uterine mucous mewbrane and on the
chorion. Two fetuses were present; omne was quite
putrid, butin the other putrefaction did not seem to be
far advanced. Both, however, had evidently been dead
for some days at lenst. 'The stomach fluid of the least
putrid of the two was deeply hlood tinged.

Microscopical and Cultural Examinution.—Micro-
scopical examination of the uterine exudate and the
stomach fluid from the least putrid feetus showed a
large number of ordinary putrefactive organisms, but
neither vibrios mnor bacilli of cattle abortion were
present. Cultures sown from the material became
very foul, and no special microbes could bLe identified
in them.

It is to be noted about these two ewes that they
were fed with material which came from an outbreak
of abortion in the field. but which was very putrid, that
they seemed to have become affected with abortion in
congequence, and that none of the special microbes
which had been found in other cases of abortion could
be identified in the fluids or the diseased organs. It is
also to be noted that the contents of the uterns in Loth
cases had undergone putrefaction a comparatively short
time after infection. Tt is possible. though improbable,
that the putrefactive material itself was responsible for
the results in these two ewes, but it has to be horme
carefully in mind in trying to interpret these results,
that the putrid material came from the uterns of an
animal which had aborted. and it would not be un-
warrantable to infer that an abortion-cansing agent
was ulso present. In comsequence of these curious
results those in the animals inoculated with the filtered
material were Iooked forward to with great interest.

Experiment 37, Ewes 22() and 221.

Both these ewes, which were cross-bred, were tupped
on - November 5th, 1909, and were expected to lamh
early in April.

A thin emulsion in water wus prepared from the
uterine exudate of Ewe O. This material was filteved
through a Chamberland filter (F).

On January 26th, 1910, that is 82 days after service,
each of these ewes received 20 c.c. of the above filtrate
into the jugular vein.

Ewe 220 gave bivth to twa live lnmbs on March 29th.
that is at full time. The membranes were quite
normal.

Ewe 221 gave birth to u healthy lamb on the
27th March, that is about full time.. The membrines
in this case were also mormal. It would appear from
this experiment that the abortion-causing agent wus
retained by the filter.

Experiment 38. Bwes 233 and 234,

It was thought advisable to try the efiect on other
pregnant ewes of the material from the uterus of
Ewe 217 (see Experiment 36G) together with the mixed
cultures which had been obtained from it.

Both of the ewes employed for this experiment were
Cheviots and were tupped on January 20th, 1910, They
were expected to lamb emrly in Junc.

On February 16th. 1910, each received by the mouth
100 c.c. of a dense emulsion of the uterine exudate of
Ewe 217, to which tweo broth cultures from the same
uterine exudate had been added. The cultures had
Leen incubated for four days. and the uterine exudate
had been stored in sterile broth since Felnuary 11th,
ie.. five days.

Ewe 234 was slanghtered on the 26th February.
10 days after infeetion. The reason for slaughtering
her at this early date after infection was that Ewe 222
(see Experiment 36), which had heen infected with the
original ‘material. had aborted, and shown putrefaction
of the uterine contents 12 days after infection. and it
wius hoped that by killing early we might have the
opportunity of examining an affected uterus before
putrefaction had supervened. The uterus. however.
which was pregnant, was perfectly normal in every
respect. No bacteria whatever could he found in
serapings from the uterine mucous membrane. fotal
cotyledons, or the contents of the fatal stomach.

Ewe 233 was slanghtered on the 28th April. that is
48 days after service and 71 days after infection. The
uterus. which was pregnant. was normal in every respect.
No bacteria could be found in serapings made from the
uterine mucous membrane, the feetal cotyledons. or the
stomach fluid of the faxtus.

It is to be nated in connection with this experiment
that, althongh the material used for infection was
putrid, no abortion followed its administration ‘T'he
result inclined ns to think that possibly the agent which
caused abortion in the cises of Ewes 217 and 222 (sec
Experiment 36) had lost its virulence, or that it had
disappeared from the material owing to further putve-
faction. The agent might have heen the vibrio. Int
the material was too putrid to enable uny particular
organiam to be identified.

Summary of Observations in connection with Flock 1+
Proportion of abortions, 13 per cent.; no vibrios
demonstrated in material from the field.
Four ewes were put under experiment.
Two of these, which aborted, received natural
material by the mouth. The two others. which
received natural material by the mouth, did not abort

Flock 15.

This flock, which wis in Sussex. consisted of 319
Southdown ewes.

The owner reported early in Fehruary that abortion
wias oceurring amongst his ewes. On Felruary 4th.
1910. Mr. Medlock. one of the Board's veterinary stait,
vigited the faym and obtained the following particulars.
Thirty-five of the ewes were due to Limb in February,
and 284 in Mareh. At the date of his visit 37 ewes
had aborted. At the end of the lambing senson the
total abortions amounted to 50 (166 per cent.). The
ewes weire folded. and were being fed on cow cabbage,
rape, and roots. The fivat abortion took place on
Junuary 1st, hut the owner did not pay much attention
to the occurrence. At the time of Mr. Medlock's visit
none of the ewes werc showing what might he called
premonitory symptoms of abortion. so he did wnot
slanghter any of the animals for examination. One
ewe, however, had recently brought forth a dead lamb.
The membranes were still attached in this ewe, and
Mr. Medlock was able to make smears from the coty-
ledons. These, along with the dead lumh. were brought
to the laboratory. The smears contuined vibrios, bul
the lamh itself turmed out to he 1oo putrid for a
satisfactory examination to be made.

Oun February 9th the owner ly arrangement
slaughtered a ewe (Ewe P) which in his opinion seemed
likety'to abort. The neck of the nterus waa ligatured,
the organ was cul ont, packed in a waterproof hag, and
sent to the laborntory. where it amived on the same
evening.

¢
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Lesions.—The wall of the uterus was very cwedem:itous.
After searing the surface, incisions were made at
various points, and it was possible to obtain a con-
siderable amount of exudate for microscopical and
cultural examination. On opening into the organ a
brownish, mucoid exudate was found on the uterine
mucous membrane and on the chorion. The cotyledons
were undergoing softening. but they were not so pulpy
as in many of the other cases examined. Two fwtuses
(P L und P 2) wore present. Both appeared to be well
up to time, and showed no macroscopic lesions.  Their
appemrance indicated that they were probably alive at
the time the ewe was slanghtered.

Microrcopical and Cultural FEeaminalion. — The
uterine exudate contained a large number of vibrios
which were prezent in pure culture.  No vibrios.
however, could he found by microscopical exa minition
of the fluid froin the stomachs of the feetuses. Pure
cultnres of the vibrio were obtained on fluid and solid
medit from the uterine exudate und also from the
stomach Huid of the feetnses, although in the latter
the microscope had failed to reveal their presence.
This outbreak derives additional importance from the
fuct that again we had the good fortune to obtuin from
an infected flock a uterus which had not been open,
althongh it was in an aborting condition. and to find
vibrigs present in pure culture in the uterine exudate.

On March Ist the owner of this flock sent up ancther
lamh which had been aborted. und an examination of
its stomach fluid revealed the presence of vibrios in
Large numbers.

Experiment 3%, Ewe 225,

Ewe 225 (cross-bred) was tupped on December Gth,
1909, and was expected to Limb early m 3May 1910.

On February 9th, that is 65 days after service, she
received by the mouth 200 c.c. of a thick emulsion in
water of the uterine exudate from Ewe P. :

On April 30th. 1010, that is 143 days after service,
i few days short of full-time. and 80 days after infection.
Ewe 225 cave birth to a live lamb.  The membranes
were examined. bhut mno vibrios ov hacilli of cattle
abortion conld be found. It was concluded that this
wis possibly a normal parturition.

Experiment 40, Ewes 2245 and 227,

Ewe 226 (cross-hred) was tupped on December Lith,
1909,
13th. 1909.
1910. - _

On Februnvy 9th, 1910, that is 61 days alter service
in the case of Ewe 226, and 538 duys in the case of
Ewe 227, each of these ewes received by the jugular
vein 14 c.c. of a dense emulsion in sterile hroth of the
uterine exudate from Ewe P.

Ewe 226 on February 15th, that is 6 days after
infection, 67 days after service, and 83 days from
full time, showed a brown discharge from the vulva.
On examining this discharge it was found to contain a
Inrge munber of vibrios. As the ewe was ghowing signs
of approaching abortion she was immediately killed.
On cuttine out the uterus it was found that the fwetus
had alrendy reached the vagina. The organ was taken
to the laboratory for examinution.

Both were expected to lamb early in May

Lesions.— Hamorrhage had taken place into the
pelvic tissue. The uterus was thu?'kene(! and very
(edematous, particularly in the region of the neck.
Phe feetus had a macerated appearance. and had prob-
ably died @ short time after infection. On opening
into the uterus a small quantity of brown-coloured,
mucoid exudnte was found omn the mucous membrane
and on the surfuce of the chorion. Each of the horas
contained about an cunce of this material.

Microscopical and Culbural Bramination.—Large
numbers of vihrios were found in the exudate by miero-
scopical examination. TPure cultures of the vibrio
were obtained in ftuid and solid media from the materinl
found in the uterine horns.

Ewe 227 on February 21st, that is 12 duys after
infection, 70 days after serviee, and 80 days bofore
tull time, nhorted a fotus. The fetus wiy macerated
and dark brown in colour. The membranes, which

Twe 227 (cross-bred) was tupped on December

came awiy with the fatus, were found soon after
abortion had taken place. Smears made from the
fetal cotyledons showed a considerable varicty of
microbes, but no vibrios could be identified. Tle ewe
was slnughtered a short time after it was known that
she bad aborted. The uterus was cut out in the usual
wiy and taken to the laboratory for examination.

Lesions.—The organ had almost completely con-
tructed. On cutting into the cavity, however, a very
small amount of a dark choeolate-colonred exndate was
found on the uterine mucous membrane. On examining
thig mnaterinl with the microscope it was found to contain
a large number of vibrios, but many other kinds of
hacteria were also present. The latter had apparently
invaded the uterus after abortion. No cultures were
attempted from this exudate owing to its contaminated
condition. An interesting feature of this experiment
is that no vibrios cuould be found in the cotyledons of
the placenta, which had been expelled and exposed to
gross putrefaction, but that they were easily found in
the exudate inside the uterus, which was less putrid,

Experiment 41, Ewes 223 and 232.

Ewe 223 (Cheviot) was tupped on November Gth,
1909, and was expected to lamb early in April 1910,

Ewe 232 was tupped on January 10th. 19t0, and
was expected to lamb early in June.

On February 15th. that is 101 days after service in
the case of Bwe 223 and 26 days in the case of
Ewe 232, each received by the mouth five ounces of a
faivly dense emulsion in water of the uterine exudite
of Ewe 220 (sce Experiment 40).

As the experiment in this case was to test the eflect
of exudate containing vibrios when administered by
the mouth. it was thought advisable to complete it by
another designed to test the virulence of the material hy
intravenous inoculation (sec Experiment 12, Ewe 1203).
Both the ewes concerned in this experiment at the
time of inoculation were showing symptoms of some
nervous trouble, but we were compelled to use them, as
our stock of pregnant ewes was hecoming exhausted.

Ewe 223 was slaughtered on the 22nd February.
that is acven days ufter receiving the uterine exudate
of Ewe 226, She was slaughtered. as it was thought
tmprobable that che would live much longer, and it was
decided to make the best use of her we could by
examiniuzg her uterus in the fresh state.

Lesions.—The uterus. which contained two Lunbs,
was quite normal in appearanece.  No vibrios could be
found by microscopical or cultural examination of
nutterial from the uterine mucous membrane, the fwtal
membranes, or the stomach fluid of the feetus.,

Ewe 232 had to he slaughtered on May 22nd, that
ig 96 days after receiving the emulsion from Ewe 226,
as she seemed unlikely to live much longer.

Lesions.—T'he uterus, which contained one fwrtus, was
normal in every respect. No bacteria of any kind could
he found by microscopical or cnltural examination of
serapings from the uterine mucous menmbrane and the
feetal membranes.  The stomach fluid of the fwtus was
sterile.

Experiment 42, Ewe 1203.

Bwe 203 (Dorset) was tupped on Ocetober 17th, 1909,
and wus expected to lamb about the middle of March
1910.

On February 15th, that is 121 days after service.
she reeeived into the jugular vein o fairly dense
emulsion in sterile salt solution of the uterine exudate
from Ewe 226 (see Experiment $U).  For three days
after inceulution the ewe suffered from intestinal
symptoms accompanied hy tympuany. By the 1Sth
February she seemed to have recovered. hut she wus
found dead on the morning of the 21st, that is six days
after inocwlation, and about three weeks hefore full
time. The uterus was cut out in the usual way, and
taken to the laboratory for exawmination.

Lesions.—On opening into the organ a dark brown
exudnte was founc in certain parts of the uterine
mucous membrne and on the chorion, The cotyla:dons
were breaking down, and the uterus presented the
appeirnnce typical of those which we obtained trom
the field. and which were infeeted with the vibrio.

(G-
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Three feetuses were present, one of which had

appurentl
been dead for some days. L

Mieroscopical and Cultural Exammation.—Miero-
scopical examination showed a large number of vibrios
to be present in the uterine exudate. but apparently the
uterus had become invaded by other microbes, probably
after death. as severnl varieties were also present. No
vibrios could be found in the stomach fluid of any of
the feetuses. Cultures of the vibrio were obtained
from the uterine exndate, but, as was not unexpected,
they were all contaminated by other microbes.

Taken with the results in Experiment 1. this
experiment demonstmtes the greater activity and
certainty of action displayed Dby the virus when
introdneced intmvenously.

Experiment 43, Ewes 228 and 229.

Both ewes, which were cross-breds, were tupped on
January 8th, 1910, and were expected to lamb eurly in
June.

Although vibrios had been found in the uterine
exudate from one of the ewes of this flock (15) in which
abortion was prevalent, it was thought advisable to again
examine the possibility of the trouble leing due to an
ultra-microscopic virus. A fairly rieh emulsion in
water was prepared from the uterine exudate of Ewe I,
This emulsion was filtered through a Chamberland
filter (F). and cach of the ubove ewes received 10 c.c. of
the filtrate into the jugulur vein on the 9th Fehrnary,
that is 32 days after service

Ewe 229 was slanghtered on April 28th, that is
78 days after inoculition. 110 days after service. and
40 days Dbefore full time. At the time she wus
slaughtered she was showing no signs of approaching
abortion. but it wus thought that if she had become
infected as the result of the inoculation, lesions ought
to be present at this date.  The uterus was cut out in
the usual way. and taken to the laboratory for
examintion.

Lesious.—I1t contained one fuwtus, and was perfectly
normal in appearance. The fartus was well developed
for the period of pregmmcey, and showed no lesions
whatever. No bacteria of any kind could Le found by
microscopical or cultural examination of material taken
from the uterine mucous membrane, the fa:tal cotyledons,
and the stomach of the fetus.

Ewe 228 on June lst. that is at full time, gave
birth to a living. healthy lamb. The fluid from the
vagina showed no vibrics or bacilli of cattle abortion.
The membranes were not recovered, und could naf.
therefore, be examined.

The result of this experiment was entirely negative.

It. would appear. then, that the abortion-causing
agent was retained by the filter.

Experiment 4, Ewes 230 and 231.

Ewe 230 (cross-bred) was tupped on January Oth,
1910,

Ewe 231 (cross-bred) was tupped on January 13th,
1910.

Both ewes were expected to lamb early in June.

On February 12th. that is 34 days after service
in the case of Ewe 230. and 30 days in the cuge of
Ewe 231, cach ewe rveceived into the vagina 10 c.c. of a
dense emulsion in sterile broth of uterine exudate from
BEwe P. The exudate used in this case had been stored
in tubes of sterile broth since Februury 9th (3 days).

Ewe 230 was slanghtered on February 26Gth, that is
14 duys ufter infection. At the time of sluughter she
was showing no symptoms of approaching abortion,
but it was thought advisable to kill lher, as some of the
other ewes which had been infected with the same virus
had aborted at an early date after infection. The
uterns was cut out in the usunl way. and taken to the
laborutory for examination.

FLesions.—Extermally no macroscopic lesions were
apparent.  On cutting into the organ it was found to
contuin a foctus. No exudate could be feund on the
uterine mucous membrune.

Microscopical and Cultural E.‘-:aminul[r.!u.—No
microbes of any kind could be demonstrated either by
microscopical or c_ulturul cxamination of serapmgs
made from the ntering mucous membrane or the fcetal

membranes. The stomach finid of the fatus contained
no microles.

Ewe 231 gave birth to a healthy lamb on the
12th June. that is at full time. No vibrios could be
found in preparations made from the feetal cotyledons.

1t would appear from this experiment that infection
per vaginam after pregnancy has begun is not a certain
method, and in this connection it is intercsting to
compare the results obtained by the same method in
cows, using the bacillus of cattle abortion (scc Report 1L,
and Appendix).

Experiment 46, Ewe 1204

Since our experience had been that the vibrio
seemed to lose its virulence at a comparatively early
dute when subjected to the conditions of artificial
cultivation, and since the duration of virulence of the
infective material outside the body is an important
point in epizootiology. it was thought that it might be
interesting to enquire whether the uterine exudate
containing vibrios also lost its virulence when preserved
for some time in sterile broth in the laboratory.

Ewe 1204 (Dorset) was tupped om October 16Gth,
1909. and was expected to lamb about the middle of
March.

On March 1st, that is 135 days after service, Ewe
1204 received into the jugular vein 5 c.c. of a dense
emulsion in broth of the uterine exudate from Ewe DT.
The exudate had been preserved in hroth at the
temperature of the luboratory sinee the 9th Felnuary,
that is 20 days. Three days after inoculation the ewe
showed signs of serious systemic disturbance, which,
in the light of the final result of the experiment. may
have arisen from the death of the fewtus in utero. She
refused food. her breuthing wus very rapid, and she
suffered from what appeared to Le attucks of tympany.

Ewe 1204 aborted a dead lamb on March 6ili, that
is five days after inoculation. 140 days after scrvice,
and about 10 days before full time. The lamb was
yuite fresh, and showed no macroscopic lesions. but
vibrios were found in the fluid from its stomach. They
were very few in number, und their presence was
overiooked at the first examination. They were only
detected some days afterwards on re-examining portions
of the stomach fluid, which bhad Lcen preserved in
sterile pipettes.

The ewe was slaughtered. the uterus was cut out
in the usnal way, and taken to the laboratory for
examimation.

Lesions.—Externally the organ showed no mucro-
scopic lesions. On cutting into the cavity it was
found that the fatal membranes were still attached
A considerable amount of a dark brown, mucoid exudate
was found on the uterine mucous membrane. particu-
Lirly around the cotyledons.

Microscopical uwnd Cullural  Eeamination—OQOn
examining emears from the uterine exudate nnder the
microscope no vibrios or other bacteria could be found.
A few days after the post mortem, however. a further
microscopical examination was made of portions of the
uterine exudate, which Liad been stured in sterile broth,
and kept in the laboratory, and in some of these
preparations a few distinet vibrios were discovered by
staining with toluidin blue. Ome could also see
number of dimly stained objects. which might be
referred to as the ghosts of vibrios. There were ulso
present a considerable number of granular hodies, such
as one finds in old cultures of the vibrio. Cultwre
media suwn with the exudate and the fiuid from the
fa:tal stomach guve no growth of iany
whatever.

It is not improbable that the early result of inocu-
lation in this case was due in some measure to
Ewe 1204 Dbeing in a very advanced slage of preg-
nancy at the time of infection, and it is of interest to
compare the result in this experiment with that in
Ewe 1205 (sec Experiment 42), which wos also infected
at a late stage of pregnancy. Both these experiments
are of particulur interest, since they demonstrate that
as the result of infection with the vibrio
occur with great rupidity even in the |
pregnancy, and they pPossibly throw
what is observed in practice, viz.,
greater number of abortions in ewes {:

organism

abortion may
ate stages of
some light on
that by far the
1ke place towards
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the end of pregnancy. It may be that at this period
pregnant ewes are more susceptible to the action of the
vibrio.

The experiment ilso demonstrates that the material
from the uterus may remiin virulent for some time.
This, along with the fuct that abortion in sheep may
vecur o few days after infection, especially in the
advanced stages, probably explains how the disease
wiy run throngh o flock owing to heavy infection of
the pastures towards the end of pregnancy.

Experiment 7, Ewe 205,

As explained in the previous experiment (46G) the
uterine exudate of Ewe 1204 and the fluid fromn the
stomich of the fetus were thought to contain no
vibrios when first examined, and vibrios were only
found a few days Liter as the result of a further exami-
niation.  Seeing that Ewe 1204 had aborted subscquent
to inoculation with natural material from Ewe P con-
taining the vibrio in apparently pure culture, the result
of the first microscopical examination of the exudate
of BEwe 1204 was very diflicult to interpret. It was
accordingly decided to experiment further with the
material from the uterus of this Ewe 1204, and to
again inquire into the possibility of wn ultra-microscopic
virus heing responsible for abortion in sheep.

Ewe 205 (Dorset) was tupped on 3rd February LO10,
and was expected to lumb early in July.

Ewe 205 on March Sth, that is 335 days after service,
received into the jugular veina dense emulsion in hroth
of the uterine exudite of Ewe 1204, which had been
stored in the labmatary in sterile broth since the
sih March (2 days). No temperature reaction followed
the inoculation.

On June 6th, that is 90 days after infection. 123
days after service, and about 27 days before full time,
Ewe 205 seemed somewhat unwell, and it was decided
to slaughter her. The uterus was cut in the usual
way, and taken to the laboratory for examination.

Li:stons.—Externally the organ showed no macro-
scopic lesions. On cutting into the uterus it wus
found to contain two lambs which were well developed
for the period of pregnancy. The luimbs were normal
in every respect. The uterine mucous membrane and
the feetal membrines were also novmal in appearance.
No uterine exuditte was present, andd no bacteria could
be found either by microscopical or cultwal exami-
nation of scrapings from the uterine mucous mem-
Lrune or the cotyledons. The utevine exudate of
Ewe 1204, therefore, had apparently failed to infect
Ewe 205.

Experiment 474, Bwe 240.

Ewe 210 {(cross-bred) was tupped on Felruary 12th,
1910, and was expected to lamb early in July.

On March 9th. that is 25 duys after service, she
received into the jugular vein 18 c.c. of a filtrate which
was obtained by passing through a Berkefeldt filter (V)
a fairly dense emulsion in broth and physiological salt
solution of the uterine exudate of Ewe 1204. The
filter was tested at the time of filtration by adding to
the unfiltered material a vivulent culture of the
hacillus of fowl cholera, and inoculating two drops of
the fillrate to a mouse. The mouse unfortunutely
succumbed to fowl cholera. showing that the filter
used permitted the passuge of bacteria of microscopic
size, but, as the mouse did not die for two days after
inocnlation, the filtrate had in the meantime been used
to inoculate Ewe 240.

Ewe 240 was ohserved to be straining on June 14th,
that is 97 days after inoculation. 122 days after service,
and ahout 28 days hefore full time. A thick brown
disclhirge was seen around the vulva,  On microscopicnl
examination this discharge was found to be very foul,
and no vibrios could be identified in it. The ewe was
slanghtered, the uterus cut out in the usual way. and
taken to the lahoratory fur examination.

Lesions.—Externally no macroscopic lesions were

present.  On cutting into the organ a dark veddish-
brown exudate was found on the utering mucous

membriane and on the chorion.  One fatus was present.
It had been dead for some time, and was undergoing
putrefaction.

Microscopical and Cultural Exvaminetion.—On micro-
scopical axiunination. the uterine axudate was found to

contain a great variety of bacteria, but no vibrios could
be scen. The stomach-ftuid of the fetus was also very
foul, and contained no vibrios. Cultwre media were
sown with the exudate from the fluid of the fatal
stomuch in the hope that. although the material was
very foul, it mignht be possible to identify some special
organism in the culture. Nothing could be found,
however, in the cultures except a multitude of putre-
factive organisms.

This experiment is very difficuit of interpretation.
It camnot be accepted as a positive result following
upon inoculation with a hltrable virus, as the filter had
given proof that it was pervious Lo bacteria of micro-
scopic dimensions. On the other hand, there is no
definite evidence that the vibrio passed through this
faulty filter into the filtrate, as no vibrios were found
in the uterine exudate or in the feetus. It is possible,
of course, that the vilwio may have hecen primarily
respounsible for the vesult, and that owing to the
invasion of the affected uterus by extraneous microhes,
the vibrio had disappeared.

Lastly. one must not neglect to consider another
possibility, namely, that the result was an accidental
abartion due to some mechanical or other injury to the
factus in ntevo. followed by an invasion of the uterus by
putrefiactive bacteria.

Experiment 48, Ewes 218 and 243,

Ewe 218 (Dovsel) was tupped on January [Rth,
1310, and was expected to lamb towards the middle of
June.

Ewe 243 (cross-bred) was bought out of o flock in
which abortion was unknown. She was one of a lot
which had to be purchased late in the lambing scason,
uas our stock of pregnant ewes at the laboratory
wits nearly exhausted.  She wias expected to lamb in
April.

On March 1st, 1910, cach of these cwes received
into the jugular vein 10 e.c. of the following mixture,
containing cultures of the vibrio, obtained originally
from the uterine exudate of Ewe P—three agar
cultures which were second subeultures. and which had
been incubated for eight days, and 20 cc. of broth
culture, which was a third subeculture and which had
been incubated for four days.

Ewe 243 on March 12th, that is, eleven days after
inoculation and probably from a fortnight to three
weeks before full time, gave birth to a lamb whieh was
alive, but very fceble. The lamb died on the following
day. Smewrs made from the cotyledons showed a
large number of vibrios.

Ewe 218 was sluughtered on April 28th, that is
58 days after ineculation, 100 days after service, and
about 30 days before full time. The uterus wus cut
out in the usnal way, and taken to the laboratory
for examination.

Lesions.—Externally it showed no lesions. On
cutting into the organ it seemed to be guite normal.
No exudate was present, and no microbes of any kind
could he fonnd by microscopical or cultural examination
of serapings made from the uterine mucous membrane
and cotyledons. The nterus contained two lambs,
Loth of which were normal for the periud of pregnancy.
No vibrios could be found in the stomach fluid of
the fecetuses, This experiment further demonstiutes
the uncertainty of infection with actificially wrown
cultures.

Experiment 49, Bwes 241 and 2.5,

Ewes 244 and 243 were both cross-bred, and were
ohtained from a flock in which no outbreak of abortion
had occwrred. The date of tupping was not known
exactly. but they were expected to lumb m April 1910.

On March 1st. 1910, each ewe received by the
mouth and the vagina the fullowing mixture of cultuves
of the vibrio, which were subcultures from the original
culture obtained from the uterine exudate of Bwe P
three agar tubes. which were secoud subcultures, and
had been incubated for eight days, 20 c.c. of a broth
culture which was a third subcultwre, and had been
incubated for fowr days, and 600 c.c. of sterile water ;
200 c.c. of the mixture were given to each ewe by the
mouth. and 10 ¢c.c. were injected into the vagina.

Ewe 244 was slaughtered on March 14th, that is
13 duys after infection, as she was showing signs of
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approachingabortion. Before slaughter a discharge was
apparent around the "f“l‘.'“’ and in this dxsch.m-ge a con-
siderable number of vibrios were found hy microscopicil
examination. The uterus was cut out in the usual way
and taken to the laboratory for examination.

Lesions—The organ showed no external lesions. but
on cutting into the cavity a consideruble amount of
dark Lrown.coloured exudute was found on the uterine
mucous membrune and on the chorion around the
cotyledons. The exnduate contained inspissated pur-
ticles such as one finds in connection with abortion in
catile. The cotyledons were attached fairly ﬁ_rml):, but
on separation the surfaces showed a moist wilky juice.
One feetus was present, and it had apparently been
dead for a day or so0. ag the peritoneal eavity contained
fluid which wias Dblood-stained. and the contents of the
stomieh were also blood-stained.  The fwtus, however,
was quite fresh.

Microscopical and Cullural  Eewmination.——Tho
ulerine exudate contained a few vibrios, hut nothing
conlll be found in the fluid from the stomich of the
faetus.  Broth tubes were sown with the uterine
exudite, bub for some unexplained reason no growth
was obtained.

The nterine exudate of this ewe wias inoculated to
Ewe 251 (see Experiment 51).

Ewe 245 was slaughtered on March 19th, that is
18 days after infection, as she was showing signs of
approaching abortion. The uterns was eut out in the
usual way, and taken to the lnl)omtory for examination.

Lesions.—Externally the wall. especially about the
neck, was adematous und thickened. On cutting into
the organ a considerable amount of a hlood-stained,
mucaid exudate was found evenly distributed over the
surfuce of the uterine mneous membrane and on the
chorion. It was partienlnly abundint in the neigh-
bourhood of the cotyledons. On scparation, some of
the cotyledons were found to present a yell?w anamie
appemrunee. One fwtns was present, and it was wg]l
developed for the period of preguancy. 1t was quite
frezsh, but it had appavently been dead for a day ar so,
as the abdominal museles were infiltrated by a Lload-
stained axdema. and fluid was present in the peritoneal
and pleural eavities.

Microseopical  and  Cultural Examination.—The
uterine exudate showed i lurge number of vibrios on
microscopical exnmination. A considerable number of
vibrios were also found in the inter-muscular a:den,
the fluid from the pleural and peritoneal eavitics, and
the stomach fluid of the fwtus. Pure ecultures of
vibrio were obtained from the uterine exudate by
sowineg fluid and solid media.

The importance of this experiment is that both
ewes became infeeted with abortion after the adminis-
tration of pure cultures of the vibrio by two of the
natural orifices (mouth and vagina), and that the
tissues of the fetus In one case were invaded by the
vibrio in pure culture,

Lxperiment 50, Bwe 219,

As a control to the virulence of the cultures used
in the ubove experiment (49) it was thousht advisable
to inoculate subcultures of the same diute from Ewe P
to another ewe by the veins.

On July 15th, 1910. Ewe 219 received into the
jugular vein, one agar culture, which was a second
subculture froin Ewe P, and which had bLeen incubated
for 14'days, and one potato.-broth culture, which was a
third subenlture from Ewe P, and which had been
incubated for eight days.

Thig ewe guve birth to twin lambs at full time.
The membranes were not recovered, so could not he
examined, but there was no reason to believe that the
parturition was in any way abnorinal,

Experiment 51, Ewe 251.

As the exudate found in (e uterus of Ewe 2444 (Ex-
periment 49) contained very few vilaios, which were
stainable at leaat, it was decided to test its pathogenic
power by further experiment.

Ewe 251 (cross-bred) wus one of a lot obtained from
a flock in which abortion was unknown. The ewe wus
expected to lamb some time in Apri] 1910,

On March 15th, that js probably a month hefore
full time. she received into the Jugular vein 10 c.c. of
an emuision in broth of the uterine exudate of Ewe 244.
No temperature reaction follawed the inoculation.

On April 28th, which must hive heen alout full
time, Ewe 251 was slaughtered for the purpose of
examining the uterus and its contents. The organ wus
cut out in the vsual way, and taken to the lahoratory
for examination.

Lesions.—No external lesions were present.  On
cutting into the organ it wus found to contain two
lambs which were well developed and apparently at full
time. No exudate or other abnormality was found in
connection with the uterine mucous membrane or the
fo:tal envelopes.  No bacteria could be found by
microscopical examination of scrapings from the uterine
mucous membrune and the cotyledons.

Apparently the uterine exudate of Ewe 241, which
was not rich in vibrios, had failed to infect Ewe 951

LExperiment 53, Ewes 252, 233, 253, and 236.

This experiment was performed for the purposc of
further testing the inctfective properties of pure artificial
cultures of the vibrio administered by the mouth.

Five agar tubes of the vibrio, which were second
subcultures from the uterine exudate of Ewe 245 (scc
Experiment 19), and which had been incubated for six
days, were triturated in a storile mortar with 30 c.c. of
a1 broth culture, which was second subeulture from
the same source, and which had heen meubated for six
days. To this mixture 460 c.c. of sterile water were
added.

All the above ewes were purchased from o fock in
which abortion was unknown, und they were expected
to lamb towards the end of A pril 1910,

On April 4th cach ewe received by the mouth
100 e.c. of the ahove mixture of cultures.

On April 15th, Ewes 252, 255, and 256 again
received by the mouth 100 c.c. of o mixture of cultures.
The wmixture was in every respect similar to the
material formerly used to  infect, except that the
cultures used in this case were third subecultures and
had Leen incubated for 10 days.

Ewe 253 on April 10th, six days after infcetion.
gave birth to a living lamb.  No vibrios conld be found
by wicroscopical examination of smears prepared {rom
the fatal cotyledons. The time between infection and
natural lambing was very short in this case ; the
animal might have become infected had ihe dute of
normal purturition been more remote.

Ewe 255 on Apsil 20th, that is 16 days after
administration of the first dose of cutture and five days
after the second, showed signs of approaching alortion.
Around the vulva a discharge was present, and npon
microscopical examination it was found to contain
vibrios. This ewe was immediately slanghtered, the
uterus was cut out in the uswal way, and tiken to the
laboratory for examination.

Lesions.—Extemally no macroscopic lesions counld
be found. On cutting into the organ i yellow mucoid
exudate was found on the utlerine mucous membrane
and on the chorion. The uterus contained one lamb,
which was well developed and apparently had not heen
very long dead, as it was quite normal in appearance,

Microscopical uand Cultural E:_L'mninatr’on.—l\licm-
scopical examination of the uterine exudate showed
that it contained a large number of vibrios in apparently
pure culture. The stomach fluid of t-]!e lumb also con-
tained vibrios. Cultures of the vibrio were olbtained
on different media from the uterine exudate and from
the stomach fluid of the lamb. 4

Ewe 252 gave birth to i@ live lamb on April 18th.
No vibrice could be found in smears made from the
discharges or membranes.

Ewe 256 unfortunately tun.led out not to he preg-
nant. She had never been noticed to abort.

Although the date at which these ewes were tupped
was not definitely known, it seems probable that in the
cases of BEwes 252 and 253 parturition took place at
ull time.  The interval bet\;'e.eutllnfccuon:-und lnnlutlm_xg
LT ay explamn the negative results in
Hug short., dmllgtk,atil.::lr;grtunlt to note, h%)wcver, that ore
t"'::"’" fﬁtl;::htlu‘ cc pregnant ewes, which were infected Ly
ou L - 4 D fices
1):"-cucn.1tlll'es of the vibrio Ly one of the natural ovifices,
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the mouth, was starting to abort when slaughtered,
that lesions identical with those found in ewes :ﬂm.rt-
ing in the field werc present. and that the uterine
exudate and the stomach fluid of the fietus contained
vibries in pure culture.

Experiment 54, Ewes 257, 258, 259, and 260.

This experiment was designed to test the action of
cultures of the vibrio when introduced by the vagina.

All the ewes employed for the experiment were pur-
chased from a flock in which no abortion was known to
have cecurred, and they were expected to lamb towards
the end of April. It may he mentioned, however. that
one ewe purchased with this lot wuas observed on
arrival at the lahoratory to be unwell, and as it was
thought that the illness might be connected with some
uterine trouble, she was not included in the experiment.
She was killed for examination, and a dead fetus of about
three months development was found in heruterns. Tt
is also important to note that the uterus of this ewe
contained no exudate whittever, The feetus had o sour
smell, but there was no odour of putrefaction., It has
never been our experience Lo meet with appearances of
this kind in connection with abortion in ewes. and it
was concluded that this case was the resultof the futus
having been killed in utero by an accident.

On April £th, 1910, each of the three ewes employed
for this experiment received into the vagina 10 c.c. of a
mixture coutaining pure cultures of the vibrio obtained
from the uterine exudate of Ewe 243 (sec Experiment 419).
The cultures used were five agar tubes, which were
second subcultures and bad been incubated for six days.
and 40 c.c. of a broth cuiture from the same source, which
was a second subeulture and had been incubated for
six days.

On the 15th April each ewe again received 10 c.c. of
a mixture of cultures, which was in every way similar
to the above. except that the cultures were third sub-
cultures and had been ineubated for eight days.

This experiment was unfortunate, as all the ewes
turned out to be non-pregnant, and, so far as one could
learn from post-mortem examination, they had not been
pregnant for months. These ewes. which were stated
to be pregnant. had to be purchased from an outside
flock. as our stock of ewes which had been tupped at
the lahoratory was exhausted at this late date, and we
were anxious to get as much experimental evidence as
possible before the end of the lambing season. since we
had previously found that the vibrio under artificial
conditions of culture did not retain its virulence until
the following tupping season.

Swmmary of Observations in connection with Ilock 15.

The proportion of abortions was 16°6G per cent.;
vibrios were found in material from‘the field.

Twenty-one ewes were put under experiment. four
of which were harren. Of the 17 pregnnnt ewes. eight
aborted and showed vibrios. Five of the eight received
natural matevial by the veins. two received culture by
the month and vagina, and one received culture by the
mouth. Nine ewes did not hecome infected. Of these
three reccived natural material by the mouth (one of
these was slaughtered soon after intection), two received
natwral material by the vagina, three received natural
material by the veins, and one received enlture by the
mouth.

C.
SPECIAL OBSERVATIONS DESIGNED TO
DETERMINE Tur NaTunal Monr or INrEcTION
BY USING PURE CULTULES oF VIBRIO.

The cxperiments detailed in this svetion were
carried out at an early stage of the inquiry, towards the
end of 1907, as at this time there was at least a
considerable amount of evidence in favour of the vihrio
being o specific cause of abortion in sheep.

Owing to the ahsence of fresh materinl which could
be utilised for infection, we had to tall back on cultures
obtained originally from Ewe 29 (se¢c Experiment 15,
Flock 4). Ewe 29 was slaughtered on the 14th June
1907, on which date the first cultures were made from
her cotyledons. These cultures were kept up in the
laboratory by subeulturing, and at the date of the
experiments nhont to he deseribed, 927th November 1907,

we had arrived at the 31st subculture. and the stiain of
vibrio had heen under conditions of artificial cultivation
for 166 duys. Inthe light of our information regarding
the effect of artificial conditions of upkeep on the
virulence of the vibrio, which wis mainly acquired after
the date of these special experiments, it i4 possible that
the negative results of the Intter arve, to some extent,
attributable to that cause. In considering this point,
however, one must also take into account some of the
apparently positive . results obtained in Experiment 65
with what was practically the same material, and which
wns used on the same date for the pwrposes of infection.

The material used for infection was composed as
follows : 1,200 c.c. of broth enlture of the vibwio, which
wag a Jlst subcultwre from Ewe 29, and had Leen
incubated for ten days, together with seven agar cul-
tures, which were 31st subeultures fromm the same
source and had been incubated for ten days.

Experiment 55, Ewes 139 and 138.

These ewes (cross-bred) were tupped on the 27th
and 28th September 1907, und were expected to lamb
towards the end of Febiruary 1908,

On November 27th each received into the vagina
10 e.c. of the nbove mixture of cultures from Ewe 49,

Ewe 139 on Felruary 22nd. 1908, that is about full
time, gave birth to one live lamb and one deud one.
The live lamb was weakly. and died on the diy ufter
birth. The membranes were normal, and no vibrios
could be found either by microscopical or cultual
examination of material taken from the fatal cotyledons
or the stomach fluid of the fartus.

Ewe 138 gave birth to a live lamb on Mareh 10th,
1908, that is at full time. The lamb was weakly. wnd
died the day after birth. The membranes were normal,
and mo vibrios could be found hy microscopical
examination of preparations made from the fetal
cotyledons.

Experiment 554, Ewes 136 and 137%.

Both these ewes (cross-bred) were tupped on
September 21st, 1907, and were expected to lamb
towards the end of February 1908,

On November 27th each received by the mouth
50 c.c. of the mixture of cultures from Ewe 29 used in
the previous experiment.

Ewe 136 gave birth to two healthy
February 19th, 1908, that is at full time. The mem-
branes were normal. No vibrios could be found by
microscopical exumination of prepamtions made from
the feetal cotyleduns.

Ewe 137 gave birth to a live lamb on February 2lst,
1908, that is at full time. The lumb wuas not very
strong, and died a week after birth. The membiranes
were normal, and no vibrios could be found by micro-
scopical examinition of preparations made from the
fwtnl cotyledons.

As It was anticipated that the foregoing experinients
might possibly give negative results simply on account
of the channels whereby the infecting material had
heen administered. the fullowing experiment was per-
formed as a control te the virulence of the cultures.

lamhs on

Experiment 56, Ewes 134 and 135,

Both these ewes (cross-bred) were tupped on the
2ist September 1907, and were expected to Lunb townrds
the middle of February 1908,

QOn the 27th November 1907 each received into the
jugular vein 10 c.e. of the mixtwe of cultures from
Ewe 29 used in the previous experiment.

Ewe 13+ gave birth to two lumbs, one living and one
dead, on February 10th, 1908, that is a few days before
full time. The dead laml was fully formed; the living
one was weakly, and died five days after birth. The
membranes were normal. No vibrios could be found
hy microscopical examination of the fatal cotyledous,
nur could any be found either by microscopical or
cultural examination of the fluid from the stomach of
the lamb which was borm dead.

Ewe 135 gave birth to two lambs. one living and
one deacd. on February 15th, 1908, that is ut full time
‘The dead lamb ways fully developed; the livine one S
weakly, and died the duy after its birth. The fmral
membranes were normal in appearance, and no vibrios
counld be found hy microseopical examination of preparu-

C 4
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tions made from the fewtal cotyledons. No vibrios
could be found either by microscopical or cultural
examination of material taken from the stomach of the
dead lamb.

Experiment 57, Ewe 147.

As a supplement to the previous experiment this
one was performed with particularly large doses of
culture of vibrio from the strain of Ewe 29. Onlya
liquid culture was used, however, and it had bheen
incubated for five weeks.

Ewe 147 was tupped on October 6th, 1907, and was
expected to lamb early in March.

On November 29th, 1907, she received 80 c.c. of the
above culture into the jugular vein and 300 c.c. by
the mouth, No temperature reaction followed inocu-
Iation.

On March 6th, 1908, that is at full time, Ewe 147
gave birth to a healthy lamh. The membrancs were
normal. No vibrios could be fonnd by microscopical
examinaiion of preparations made from the fwtal
cotyledons.

As the results of thesegexperiments with pure
cultures of this strain, which had Leen under conditions
of artificial eunltivation for u considerable time, were
entirely negative, it seemed im}d\'isahle to pursue the
inquiry further on the same lines. It was also con-
sidered possible that we might have the opportunity of
investigating this point in connection with future
outbreaks and under more favowable conditions (com-
pare Experiments 65 and 66).

D.

EXPERIMENTS FOR THE PURPOSE OF TESTING
WHETHER CATTLE AND OTHER DOMESTICATED
ANIMALS ARE SUSCEPTIBLE TO THE VIRUS OF
SHEEP ABORTION.

It was only possible to do s limited number of
experiments under this head, because we could only
obtain natural material for experiment during a short
period in cach year. and it was exceedingly difficult
to have a stock of pregnant females of the various kinds
of domestic and other animals availuble over such
a short period as the lambing scason. It was thought
at first that probably the susceptibility of other animals
could bhe tested on a considerable scule by making use
of cultures. bui, as has already heen pointed out, these
cultures appenred to luse their virulence after a s]rort
period of upkeep under conditions of artificial cultiva-
tion. Since the experiments are not numerous, those
performed with natuwral material and with artificial
cultures have both been grouped in this section.

Experiment 574, Heifer 79,

This heifer was bulled on 21st Janvary 1907. On
16th February, that is 26 days after service, she received
inte the jugular vein 10 c.c. of a mixture of two parts
of the fluid from the stomach of Lamb D 1 (Flock 4)
in one part of broth, and 20 c.c. of the same material
were injected into the vagina. No temperature reaction
followed the inoculation. :

On 20th February she received into the jugular vein
10 c.c. of a fuirly dense emulsion in broth of the uterine
exudnie of Ewe I (Flock 5). This material had been
preserved in sterile broth at the laboratory for five days.
By consulting the particulars in connection with Flock 4
it will e seen that the materials nsed in this experiment
were rich in vibrios. ;

On 4th May, that is, 77 duys after the first inocula-
tion, Heifer 79 was slanghtered. The uterus was
pregnant, and perfectly normal in every respect, except
that a small area, about one inch square, in t-he.nelgh-
bourhood of the neck showed what leoked like an
exundate. Microscopical examination, however, of pre-
paritions made from this material revc;nled no ])nctex-lax.
Nothing could be found in the fluid of the feetal
stomach.

Experiment 58, Heifer 78.

Heifer 78 was bulled on 28th Jauuary 19(_]7. On
22nd Fehrnary, that js, 25 days after service, she
received into the jugular vein 80 c.c. of u fairly dense
emulsion from the uterine exudate of Ewe I' (Flock ).
By consulting the history of Flock 6 it will be obiserved

that the exudate was used on the day of its arrival
A temperature reaction from 103° to 105°-4 followed
inoculation and lasted for five days.

On May 8th, that is 75 days after inoculation,
Heifer 78 was slaughtered. She was showing no signs
of approaching ahortion at the time, but it was thought
that sufficient time had been allowed for lesions to
develop in the uterus.

Lestons.—The uterus, which was pregnant, was
normal in every vespect externally and internally.
The fertus was well developed for the period of preg-
nancy. and showed no macroscopic lesions. No bacteria
of any kind could be found by microscopical or eultural
examination of material taken from the uterine mucous
membrane, the cotyledons, or the stomach fluid of the

factus.
Experiment 59, Goat 55.

Goat 55, which had heen served on November 12(1,
1906, received into the jugular vein 4 c.c. of a dense

emulsion in water of the slimy exndate from the
membranes of Lumb H 1 (Flock 8). on the
28th Februavy, that is 103 days after service. The

exndate was proved by experiment te contain vibrios
(sce Exp.-21, Ewe 103). No temperature reaction or
illness fullowed inoculation.

Ou March 4th. that is 38 days from full time and
4 days after inoculation, Goat 55 aborted three kids.
The feetuses showed no lesions, and no bacteria of any
kind could be found in the fluid from their stomachs.
The goat was killed a few hours after aborting.

Lesions.—There was no exudate in the uterus, but.
of course, a certain amount of finid which one would
expect shortly after a normal parturition was present.
The uterine membrane was normal in appearance.

Microseopical and Cultural Examination.—Tubes of
culture media were sown with fluid from the uterus
These developed mixed growths of bacteria which Lad
probably invaded the organ after pavturition. Nothine
resembling the abortion bacillus of cattle or the vibrio
was found by mieroscopical or cultural ex:imination.

Experiment 60. Heifer 181.

Heifer 181 was bulled on November 20th, 1908,
On January 16th, 1909, that is 48 days after service,
she received by the mouth 160 c.c. of un emulsion in
water of the uterine exudate of Ewe L (Flock 11} and
150 c.c. of the same emulsion were injected inio the
vagina.

On September 4th. that is at full time, and
230 days after infection, Heifer 181 gave birth to
a dead calf. The calf showed no lesions, and had
appareutly perished during the parturition. The fwtal
membranes were fformal. and neither vibrios nor baeilli
of eattle abortion could be found in preparations m:de
from the fwtal cotyledons.

Experiment 61, Heifer 200.

Heifer 200 was hulled early in December 1908.
On February 3rd. that is 45 duays after service, she
received by mouth 350 c.c. of washings made from the
uterus and fatal membranes of Ewe 178 (sce Experi-
ment 28, Flock 12), and 50 c.c. of the same materianl
were injected into the vagina.

On August 28th, that is at full time, she gave
birth to a dead ealf which was fully formed. Neitler
vibrivs nor bacilli of cattle abortion could be found in
preparations made from the fa:tal cotyledons or the
stomuch fluid of the fetus.

Experiment 62, Heifer 46.

Heifer 4G was bulled on September 1st, 1908. On
Miarch 13th, 1909, that is 193 days after serv'\c(':. she
received into the jugulur vein 10 c.e. of a mixlure
containing :—u thin emulsion of the exudate from the
fo:tal membranes of Ewe 196 (sce Experiment 32), one
agar culture of vibrios which was a third subeulture
from the uterine exudate of Ewe N 1 (Flock 13), and
which had been incubated for 10 days, und 6 ec.c. of
broth culture from the same source, which was a second
subculture, and had been incubated for nine days. By
referring to the case of Ewe 196 it will be seen that she
aborted, and vibrios were found in the dischurge from
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her genital organs. It is ulso to bhe noted that the
material from the cotyledons sis eontaminated. Three
days after the inoculation the heifer was very uncasy.
She seemed unable to co-nrdinate her movements; her
respiration was accelerited. hut she showel no rise of
temperature.  She appewred to recover on the feurth
day, but on the tenth day after inoculation the tempera-
ture rose to 1059 4, and remained above the normal for
three days. Durving the febrile period a slicht mucous
discharge was occasionally noticed from her vaginz, bhut
no vibrios or bacilli of cattle abortion conld be found in
the material.

On March 26th, that is 206 days after servies, and
13 days after infection, Meifer 46 gave birth to a calf.
which appeared to be so well matured that it was
thonght there had been some mistake regarding the
date of service. The calf. however, was very weakly,
andd died six days after birth. The membranes were
retained, and when recovered were too foul to be
gitisfactorily examined.  No vibrios or bacilli of cattle
abortion. however, were found in the discharge from
the genital organs after parvturition.

Esperiment 63. Cow 46aA.

Cow L6a was bulled on QOctober 18th, 1909. QOn
February 10th. that is 115 days ufter service. she
received into the jugular vein 10 e.c. of an emulsion
in sterile broth of the uterine exudate of Ewe P (Flock
15). Immediately after inoculation she showed toxic
symptems which took the form of unsteady gait. On
February 11th she had an attack of tympany, which
had passed off by the next day. There wis no
temperatwre reaction.

On March 21st she again received into the jugular
vein 6 c.c. of a fairly dense emulsion from the uterine
exudate of Ewe 245 (see Experiment 49). No tempera-
ture reaction followed inoculation. By referring to
Ewe P (Flock 15) and to Ewe 245, it will be seen that
the material used for inoeulation in cach case contained
vibrios in pure culture.

On April 8th, that is 172 days after service. 57 days
after the first inoculation, and 186 days after the
second inoculation. Cow fba aborted a feetus. The
feetus, which was hairless. appeared to have heen dead
for some little time before abortion toolk place. The
fluid from the fatal stomach showed a small number
of vibrios to the microscope. Cultures of the vibrios
were also obtained by sowing media with this material.
but they were not pure. Only a small amount of
discharge was present after the act of abortion, and no
vibrios could be found in it. The tatul memlianes
were removed from the uterus by manipulation. They
presented a dry appearance, and the cotyledons showed
the yellow anmmic condition which has been deseribed
in connection with eattle abortion. A considerable
number of vibrios were found by microscopical examina-
tion of prepurations made from the cotyledons. No
bacilli of cattle ahertion could be found.

There seems little doubt that this animal aborted
as the result of infection with material conbiining
vibrios in pure culture.

Experiment 64, Heifer 266.

This heifer was purchased from a herd in which
abortion was not known. ind when put nnder experiment
she was helieved to be nbout six months pregnant.

On April 17th, she received into the jugunlar vein a
mixture eontaining one agar culture of vibrio, which
was o third subculture from the uterine exudate of
Ewe 245 (see Experiment 49). and which had been
incubated for ten days, and 6 e.c. of a broth culture
from the same source. The hroth culture was a fifth
subcuiture. and had heen incubated for four diys. At
the same time she received by the month five agar first
cultures from the stomach Huid of the feetus of Cow 464,
togother with 30 c.c. of broth culture from the same
source. By rveference to Cow 46a (sce Experiment G3)
it will he seen thut the cultures given by the mouth
were not pure. although they contained vibrios. No
temperature reaction followed the inoculation.

On June 15th, at full time. Heifer 266 gave birth to
a strong, healthy calf. The membranes were imme-
diately recovered, bhut no vibrios could be found in
preparations made from the cotyledons.

A LTIRO |

It will be obrerved that attempts were made to
infect pregnant cattle with material from the uteri
of aborting ewes in five cases, one of which was positive.
Vibrios were found in material from tho latter.
Another pregnant heifer, which was infected with a
mixture of nutural material and culture, aborted, hut no
vibrios could he found in the material from her uterus.
One pregnant heifer wag infected with pure cultures of
vibrio with negative result.

One pregnant goat aborted a few days after receiving
natural matervial into the veins, hut no vibrios could be
found in the muiterial from her uterns.

It ia also important to note that no baeilli of cattle
abortion were discovered in counncction with these
animals, all of which are susceptible to that microbe.
The positive result ohtained in Guineapig 151 (Experi-
ment 8) should also he considere:l under this section.

Luustly we think it very hmportunt to record that
Mr. Nowmis, M.R.C.V.S., of the Department of Agri-
cultnre and Technical Instruction for Ireland, who
uaderwent i speeial course of instruction at the Bourd's
laboratory, and was well acquiinted with the characters
of the vibrio and the lqillus of cattle abortion. found
the former in connection” with a case of cattle abortion
in Ireland when the lutter was entirely absent. Mr.
Norvis, through the late Mr. Hedley, Chief Veterinavy
Inspeetor of the Department of Agriculture and Tech-
nical Instruction for Irelund, sent us some of the
stomich fluid from the calf, and we were able to confirm
Mr. Noirig's observation Dy finding large numbers of
vibrio in the material.  Further. we hive had the good
fortune to investigate a natwl outbreak of vibrionic
abortion amonz cows on premises in Wales.

Between Day and September of 1911, four cows
cast their calves on this establishment. Nothing further
happened until February 1912, when another abortion
took place and the fwtus was sent to the Board's
laboratory. No bacilli of hovine abortion were found in
the stomach fluid of this calf, hut vibrios were present
in pure culture, and eultures were obtained in artificinl
medin. Nothing further happened until December 1912,
when another fetus from a cow was sent to the
Iaboratory. The buacilli of hovine abortion were absent
from the foetal stomach, hnt vibrios were present in
pure cultuwre. The owner atated the cows went to
pasture and had run with sheep, but that no sheep
breeding was, or had been conducted on the place for
two years hefore the abortion sturted amoungst the cows.
He further said that when sheep were bred on the plice
he had not been particularly troubled with abortion in
his ewes. Abortions. however, had occurred amongst
the ewes. If we assume that infection ha:d persisted on
the premizes from the time sheep breeding wis stepped
(two years). an interesting problem avises regarding the
manner of its persistence. We have nobt lost sight
of the possibility that rabbits and other vermin may
keep up the infection, and having regard to the naturs
of the causal micro-organism 1t is alse possible, that it
may have it carrier amongst the lower forms of life—a
tick, for example—as in some forms of spirochmtosis,
There seems Lo be little doubt that cattle can become
infected with abortion due to the vibrvio. but there is
@ good deal of experimental evidence und field observa-
tion in favour of the view that intfection by this microle
is rare.

E.
DIAGNOSIS.

In a considerable number of cases it is poasible and
casy to make the dingnosis by examining with the
microscope smears made from the cotyledons and from
the discharge from the genital pussages. The vibrios
v be stained very well with dilnte carbol-fuchsin o
methylene blue, but they can also be seen moviuge about,
the field of the microscope m untixed aund lnl:tu.ined
preparantions of exudate diluted with stevile thuid. I
stained preparations the granules referred to in Section
A cun sometimes he made out when
be seen,

An examination of the fluid from th
the feetus also admits of the di
nuny eases. It frequentl A ever .
lurlyy when  the m]ntoriu{ ];:'ﬁgﬁfi:édllo\_\e\m, T My

7 i T d 15 undergoinge
putrefaction, that no vibrios can e found, and other
methods are required to enable a correct dit1e1108i8 of
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no vibrios can

_the stowach of
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the nature of the abortion to be arrived at. In the
Appendix to Report, Part I, reference was made to
the agglutination test, and details were given of the

cultures of the vibrio, and to cultivate it in such a way
that the cultures can be made use of for all these tests.

: t We have hopes of getting over this difficulty, but so far
test by fixation of the complement and of the reaction we have only been able to investigate the possibilities

teat, in so far as they were applicable to bovine of the agglutination test as an aid to diagnosis before
abortton. It is difficult to obtain sufficiently luxuriant and after the act of abortion.

Observation (1).—Ewe 217 (sce Experiment 36) infected with natural material by the mouth, slaughtered while
aborting sixteen days after infection, vibrios found in discharge and uterus. The blood was withdrawn at the
time of slaughter, and the sernm was tested two days afterwards with the following result :—

Micro-examination.
Dilution. RESU%ZLZ_TEM I T = Remarks.
After Staining. In Hanging Drop.
1-1 = - - | Tube quite clear - | Marked clumping - | Some motile | The tubes were left in incu-
vibrios. bator for 17 hours before
Tl @ = - - | Not quite clear T i judging. To the micro-
1-25 - - - | Slightly clear - 1 scope the vibrios were
1-50 - - - | No clmng’ - - | Distinet - swollen, granular and
1-100 - - 1 - - 3 - - - - 4 distorted. No change in
controls.

Observation (2).—Ewe 226 (sce Experiment 40) infected with natural material by veins, slaughtered while
aborting six duys after infection, vibrios found in discharges and uterus. The blood was withdrawn ut time of
slnughter, and kept on ice for eight days, when the serum was tested.

Miecro-examination.
Dilution. Resu’]I‘tultl)le-'I'est Remarks.
After Staining. In Hanging Drop.

| )
1-10 - - - | Quite clear - - | Marked clumping - | Some motile | After six hours there was

i vibrios. no change to the eye.
1-25 - - M U - - ” " - i N The tubes were finally
1-50 - - oy ) - - 5 = - o5 3, judged after 17 hours
1-100 - 7 T - - " " - ) in the mcubator. The
1-500 - - | Nearly clear - contrals  showed no

change to the eye.

Observation (3).—Ewe 234 (Experiment 38) infected by the mouth with natwal material and cunlture ;
slaughtered ten days after infection, no signs of infection were found. The blood was withdrawn at time of
slaughter, kept on ice for five days, when serum was tested.

Micro-examination.
Dilution. Rest'lll‘tﬂx:;.Test Remarks.
After Staining. In Hanging Drop.
1-10 - - - | Quite clear - - — — The tubes were judged after
1-25 . K - | No change - : = — 19 hours in the incubator.
1-100 . - 4 - - - — The culture was seven
1-500 - . o - - — —- days old. Controls un-
changed.

Observation (4).—Ewe 227 (Iixperiment 40) infected with natural material by veins, aborted 12 days after
infection, vibrios found in uterus. Blood was withdrawn on day of abortion, de-fibrinated, and serum separited
in the centrifuge, and used for test the same day.

Micro-examination.

Result in Test
Tubse. T e i Remarks.

After Staining. In Hanging Drop.

Dilntion.

1-10 - 3 - | Quite clear - - | Marked c]umping - — The culture was seven days
1-50 - - - i " = 3 " 33 - — old. Tules were judged
1-100 - . b = % 1 " - - after 19 homrs. Controls
1-500 - - | Distinctly eclear - o - 3 2 showed no change.
1—1,000 e o e 1] )
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Observation (5).—Ewe 230 (Experiment -44) infected
with natural materinl by vagina, slanghtered L4 duays
after infection, and showed no signs of being infected.
The blood was withdrawn at time of slaughter, and the
serum was used four days afterwards. Agglutination
was complete in all 110, -25, -100, - 500 and
-1,000.

Observation (6).—Ewe 204 (Experiment 33) infected
twice with cultures by intravenous injection, but gave
birth to a heulthy lamb. The serum wus tested nine
months after the second inocculation in the following
dilutions :—1-100, -500, -1,000. The tubes were
judged after being in the incubator for 17 hours. All
were quite clear.

Observation (7).—Ewe 244 (Experiment £7) infected
by the mouth and vagina with cultures, slanghtercd
while aborting thirteen days ufter infection. The
blood was withdiawn at slaughter, and the serumn was
tested the following day in dilutions of 1-50, -100,

500, -1,000. The tubes wers judged after being 17 hours
in the incubator. No tube was clear, hut all showed
a slight degree of clearing.

Ohservation (8).—Heifer 46 (Experiment 62)
infected by the veins with culture of vibrio, hut did
not abort. The serum was tested one year after
infection. using dilutions of 1-50, 100, 500, 1,000,
and —-1,500. All the tubes up to 1-1,000 were quite
clenr; the tube 1-1,500 was practically clear. The
culture employed was not dense.

Ohbservation (9).—The scrum of five ewes which
had aborted on a farm in Scotland was tested in
dilutions of 1-100, -300, -300, —1,000 with absolutely
negative results. No vibrios could be found in the
membranes or fuwtuses of these ewes.

Observation (10).—Ewe 240 (Experiment -17i)
inoculated into veins with filtrate (through Berke-
feldt V) of aun emulsion made with uterine exudate
containing vibrios. The filter was ufterwards found to
he defective. The ewe alorted and the contents of
the uterus were found to he very foul; no vibrios were
found. The serum was tested the day after slaughter
in dilutions of 1-30. —100, -300, -500, -1,000. No
agelutination ocemred.

F

ATTEMPTS TO IMMUNISE EWES ny IN-
JECTING LARGE Doses orF LivING CULTURES OF
THE VIBRIO.

Since it was possible that the injection of living
cultures of the vibrio might infect the pregnant uterus.
it wis necessury to administer the hmmunising dose of
such cnltures some time before the ewes Dbecamne
pregnant, in order to allow time for the living vibrios
to be destroyed in the hody.

The ram was not put with the ewes under experi-
ment until about seven weeks after the immunising
inoculation, but, as will be understood, the ewes did not
all take the ram at the same dute. Throughont the
experiment the immunised ewes, along with the controls,
were allowed to run in a grass paddock about half an
acre in size, and whatever grazing they could get was
supplemented by dry forage and roots.

The cultures used for immnnisation were from the
strain originally obtained from Lwe 24, which was
started on the 14th June 1907.

Experiment 65, Bwes 114, 115. 116, 117, 118, 119, and
as controls, Ewes 127, 128, 129, 131, 132, and 133.

On the 10th July 1907 each of the six ewes which
were to be immunised received under the skin of the
hind leg 100 c.c. of an actively growing broth eunlture
of vibrio, which was a third subculture from the coty-
ledons of Ewe 29, and had been incubated for ten
days. Several of the ewes showed & certain amount of
lameness for a couple of days after the inoculation,
and all of them for a period of five days showed a
similar temperature reaction, varying from 103 to 105

On July 20th eich again received under the skin of
the opposite leg 100 c.c. of a broth culture of vibrio,
which was a fifth subeulture from the uterine exudate
of Ewe 29, and had been incubated for five days.
Some of the ewes were slightly lume after the second
inoculation, and all of them aguin exhibited a temperi-
ture re-action of the same severity us in the frst case.

The immunised ewes took the ram on the following
dates in 1907 :—Ewe {14 on October 5th; Bwe 115 on
September 25th; Ewe 116 on October 3rd ; Ewo 117
on Septemhber 27th; Ewe 118 on September 30th ;
and Ewe 119 on October 18th,

On Novemher 27th euch of the immunised ewes
which were then believed to he pregnant were infected
in the following way. Each received into the jugular
vein 10 c.c. of a mixture composed of a broth culture
from the strain from Ewe 29, which had been incubated
for eight days, and three agar cultures, which had been
incubated for the same time; by the vagina, 10 c.c. of
a mixture composed of 200 c.c. of broth culture from
the strain obtiined from Ewe 29, and which had heen
incubated for eight duys. and three agar cultures from
the same source, which had heen incubated 10 days ;
by the mouth, 50 c.c. of A mixture composed of 1,000 c.c.
of broth eunlture from the strain obtained from Ewe 29,
and which had been incubated for nine days. and four
agar cultures from the same source which had been
imcubated for 10 days. All the cultures used for
infection were 31st and 32nd subcultures.

Ewe 114 (immunised) aborted a fatus, which was
found in the paddock on the 29th November, that is
132 daysafter the list immunising dose, two days after
infection, and 35 days after service. The fwtus had
evidently been dead for some time before abortion, as
its intestines were pulpy. It must certainly have been
dead before Ewe L14 reccived the infecting dose. A
swall was passed into the vagina of this ewe, and
smears were made from this swab.  Microscopical
examination of these smemrs revealed a multitude of
bacteria, but no vibrios could be seen. The ewe was
immediately slanghtered. the nterus was eut ont in the
usual way, and taken to the liboratory for examination.

Tiesions.—The cotyledons were still attached, but
they could be easily sepurated by traction. Smeurs
made from the separated surfaces showed a consider-
able number of vibrios, but no cultures were attempted,
as it was difficult to obtain uncontiuminated material,
It is difficult to say whether the vibrios which had
undoubtedly reached the cotyledons belonged to the
immunising dose or entirely to the infecting dose. If
to the latter it is most improbable that they were
responsible for the death of the faetus, which sremed to
have occurred before the date of the test inoculation.

Ewe 115 (immunised) showed a brown watery
discharge around her genital ovgans on December 26th,
1907, that is 159 days after administration of the last
immunising dose, 29 days after infection. and 92 days
afterservice. Novibrioscould be found by microscopical
examination of smewrs made from the discharge. The
ewe was immediately slaughtered, the uterus cut out
in the usual way, and taken to the laboriatory for
examination.

Lesions.—Externally no lesions were anparent, but
the uterus was exceedingly small for the period of
pregnancy. On cutting into the organ it was found to
contain two feetuses, which were little more than an
inch in length. These fetuses appeared to have been
arrested in their development about a month after the
commencement of pregnuncy. or possibly about the
time the infectimg dose was udministered. The foetal
membranes had a softencd uppearance, and many of
the cotyledons were sepurating. No exudate, however,
wis present on the uterine mucous membrine, but
there wuas o certain amount of thick brown fluid
material around the degeneraied cotyledons. A great
number of smemrs were prepared from the cotyledons
and examined, but no vibrios or other bacteria could be
found by microscopical examination. Culture media
which were sown with scrapings from the cotyledons
gave a growth resembling bacillus subtilis, but uo
vibrios could be identified. '

Ewe 116 (immunised) showed a yellow discharge
around the genital organs on 81st December, that is
164 duys nfter administration of the last imm ;
dose, 34 days after infection, und 89 duys after service
No vibrios cauld be found by microscopical exumiu'ltim;
of smears made from this discharge. The ewel -
immediately slaughtered, the uterys cut out in t?s
usual way, and taken to the luboratory for exu,mimtio:,e
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Lesions.—Externally the organ showed no lesions.
On opening into the uterus it was found to contain a
well-developed ferotus, which was quite fresh. No
cxudate was present on the uterine mcous membrane,
and the feetal membranes were normal in every respect.
No vibrias counld be found by microscopical or cultural
examination of material taken from theuterine mucous
membrane. the fatal cotyledons, or the stomach fluid
of the fwtus. ) p

It scems probable that this ewe was not in reality
showing signs of approaching abortion at the time she
was slaughtered.

Ewe 117 (immunised) gave hirth to a live lainb on
oth Mareh 1908, {hat is at {ull time. The fetal
membrames were gquite normal. and no vibrios could he
found hy microscopical examination of smears made
from the foctal cotyledons.

Ewe 118 (immunised) aborted twin fictuses on
20th November 1907, that is, 132 days after admini-
stration of the lust immunising dose, 2 days after
infection. and 60 days after service. The fetuses were
found in the paddock and were enclosed in their mem-
branes. A yellow mucoid exudate was present on the
chovion of both fwtuses. Smears prepared from this
cxudate were found on microscopical examination to
contain a considerable number of vibrios.

Ewe 119 (immunised) showed a yellowish discharge
aronnd the genital organs on 2nd January 1808, that
is, 67 days after infection, and 76 days after service.
She was immediately slaughtered, the uterns was cut
out in the usual way und taken to the lahoratory for
examination.

Lesions.—The orgun showed no external lesions.
On opening into the cavity it was found to conta'n two
feetuses, which were well developed for the period of
pregnaney. and had probably been alive at the time the
ewe was slaughtered. A good deal of mucus was
found on the uterine mucous membrane in the neigh-
bourhood of the cotyledons. The cotyledons were very
soft and easily separated. The fwtuses showed no
lesions whatever.

Microseopical and Cwliwral Erewmivation.—Micro-
scopical examination of smears made from the above-
mentioned mucus revealed no vibrios, but a few ecocei
were {ound ; these were evidently the result of exteinal
contamination. Vibrios could not be found in the
finid from the fatal stomachs. No vibrics developed
in culture media. which were sown with the uterine
mucus, but several colonies of cocei and large sporing
rods appeared. It was apparent, ]_Jq“‘e\'el'. that these
had nothing to do with the condition of the uterus.
Culture media sown with the fluid from the fe:tal
stomachs remaimed sterile. It seems probable that the
discharge observed at the vulva of this ewe during life
was not a premonitory symptom o_f abortion.

Ewe 127 (control. not immunised) was tupped on
September 15th, 1907, and was expected to lamb about
1lic middle of February 1908.

On December 1lth, 1907, that is 14 days after
infection. and 84 days after service, o small amount of
blood-stained, yellow discharge was seen around the
vulva. No vibrios could be found by microscopical
examination of smears made from this dischurge.

Ewe 127 was immediately slanghtered. the uterus
was cut out in the usual way, and taken to the laborvatory
for examination.

Lesivns.—Externally the organ showed no macro-
scopic lesions.  On cutting into the organ it was found
to contuin o feetus, which had apparently heen dead for
sume days, as it was becoming decomposed. A con-
siderable amount of yellow mucoid exudate was found
on the uterine muccus membrane. The cotyledons
were softened. and easy to separate. The condition
wus very like what had been found in connection with
other cases of abortion in ewes.

Microscopical and Cullural Ifxaminalion—No vihrios
could be found either by microscopicul or cultural
examination of the uterine exudate, or the stomach
fluid of the feetus.

Ewe 128 (control, not immunised) was tupped aubout
the middle of September 1907, and was expected to
Jamb about the middle of February 1908, >

On February 23rd. 1908, that is about full time, she
gave birthtou live lumb.  The membrunes were normal
in appearance. and no vibrios could he found in
breparations made from the fatal cotyledons.

Ewe 129 (control, not immunized) was tupped on
Scptember 15th, 1907. and was expected to lamb
towards the end of February 1908,

On December 27th. that is 30 duys ufter infection.
and 103 days after service, a dirk brown membrancons
material was observed hanging from the vulva. No
vibrios could be found by microscopicitl examination
of smeirs made from this malerial.  The ewe was
immedintely slanghtered. the uterus was cut out in
the usumal way, and taken to the laborutory for
examination.

Lesions.—The organ was very small for the period
of pregnancy. and a considernble amount of wdem:t
was present in the neighbourhood of the neck. On
cutting into the cavity it was found that the fcetal
cotyledons hitd completely separated from the maternal
ones, ind the lutter had shiunk almost to nothing. A
shrunken fetus, abont two inches long, was present.
The uterine mueous membrane was covered in plices
Ly i small awmount of thick brownish material, which
may possibly luve arisen from liguefiction of the tatal
membrunes.

Microscopival  ond  Cultuidd  Beamdinaiion —No
vibrios could be found in smears made from the uterine
mucous membrane. or from the external surface of the
feetus.  Culture media were sown with serapings from
the uterus. BMost of the culture tubes, however,
remained sterile, but one or two guve a growih of
stuphylococel. These seemed to be chance orgunisins,
which had invaded the open uterus.

It is to be noted about this ewe that she was
slaughtered immediately the uterus showed signs of
being open. and that that possibly accounts for the
comparatively uncontaminated condition of the uterine
contents. 1t is a question. of course, whether the
fectus died as the result of the experimental infection,
or whether we operated unknowingly upon a ewe which
at the time of infection contained a dead feetus. The
probabilities are in favour of the feetus having died
very shortly after infection. and its size. although it was
shranken. was indicative of this being the case. Even
if we assume that the vibrio was not responsible for the
death of the fwtus, its absence from the uterus still
remains unexplained, as there can be no doubt that the
vibrio possesses the power of growing in utero, and it
has been found to persist for some time, at least, after
the death of the fatus.

Ewe 131 (control, not immunised) was tupped on
September 19th, 1907, und was expected to Jamb about
the middle of February 1908.

On the 3rd February 1008, that is 68 days after
infection, and about 12 days before full time, a slight
amonnt of hrown-coloured discharge wis noticed avound
the vulva of Bwe 151, Microscopical examination of
smears made f{rom this discharge showed that it
contuined vibrios. It was decided, however, not to
slaughter this animal. but to wait, and observe if she
would abort. On the 4th February the discharge had
stopped. On the 5th February no discharge conld be
found. and as the ewe did nol appewr to he taking
kindly Lo confinement in the loose Lox in which she had
heen put to facilitate observation, she was tuimed out
again into the paddock. From February 6th to 16th
she was carefully watched, und visiled several times
a day. During this period the same discharge was
noticed to be present intermittently around the vulva,
but no vibrios could he found in it hy microseopical
examination.

At 11 a.m. on the 16th Februavry, that is practically
at full time, she aborted a mummified fetus ahout
12 inches in length. From the uppearance of the
fa:tufs it must have died at an carly period of pregnaney,
and it is not improballe that death took plice shortly
after infection.  After abortion u fair amount of
discharge oozed from the genital organs, Microscopical
examination of this material showed it to contain @
viriety of. organisms, which is not surprising, seeing
tl“lt t!lF discharge had been going on far several days.
No vibrios, however, could bhe found in this foul



APPENDIX TO PART III. (SHEED.

26

material. The ewe was not slinghiered at the time
she aborted, as it was thought she would be useful for
a further observation later on, and it was considered
hopeless to expect results from the examination of her
uterus, which by this time was evidently in a very foul
condition.

She wuas slaughtered on March 30th, 1908, that is,
42 days after abortion, und at this date the uterus pre-
sented a normal appenrance externally and internally.
No vibrios or other microhes could be found by
microscopically examining scrapings from the uterine
mucous membrane.

Ewe 132 (control, not immunised) was tupped on
September 20th, 1907, and was expected to laml
towards the end of February 1908.

On December 29th, 1907, that is 32 days after
infection, and about 49 days before full time, this ewe
wus noticed to he showing signs of uneasiness; her
back was arched, and she was disinclined to feed. She
was carefully observed until the 31st December. during
which time she did not improve, but no discharge could
be found in conneection with her genital organs,

On  January 1st, 1908, a slight discharge was
noticed around the vulva. It was dark hrown in colour,
and had @ mucoid consistence as in the cuse of other
aborting ewes. No vibrios could be found by the
mieroscope in smears made from this dischurge.
Ewe 132 was slaughtered on this date. The uterus
wias cut out in the usual way. and taken to the
lahoratory for examination.

Lesions.—Externally the neck of the organ was
slightly cedematous, and a clot of brown exudate was
in process of being squeezed into the vagina. Smears
were prepaved from this clot. but no vibrios could he
found in them. On opening into the uterus, the fetal
membranes were found to be of a dirty hrown colour.
The cotyledons were flattened, and easy to separite.
The exposed swfaces of the latter after sepiration were
bloodless, dry, and of a dirty brown colowr. Two
feetuses were present, both of which were in @ pulpy
condition. They appeared, in fact, to be nndergoing
the process of mummifieation. but the liquid matter
had not been fully absorbed or discharged. The
uterine mucous membrane was covered at places by a
dark Dbrown. liquid material, which might possibly
have arisen from liquefnction of the fwtus and its
membranes.

Microscopical and  Cullurel  Kraminabion.—No
vibrios could be found by microscopical examination of
the material found on the uterine mucous membrine.
Culture medin were inoculated. but the tubes all
remained sterile. Owing to the condition of the fwtus
in this case it was difficult to suy at what time death
had taken place. It is quite possible, however. that it
tollowed shortly after infection. The difficulty with
regard to explaining the disappearance of the vibrio
also arises in the cuse of this ewe.

Ewe 133 (control, nuot immunised) was tupped on
September 20th, 1907. and was expected to lamb
towards the end of February 1908.

On December 21st. 1907, that is 24 days after
infection, and Y2 days afterservice, a mucous discharge
wits found to be coming from the vulva. This matevial
was not examined microscopically. The ewe, however.
wils  immediately slaughtered, and a preliminary
examination was made in the slaughterhouse.

Lesions—The organ was wdematous in the neigh-
bourhood of the neck. It also secemed to be slightly
distended by gas. One fatus was found in the vaginal
pitssage, another Leing contained in the uterus. When
the organ was opened. it was found to contrin a very
considerable amount of putrid exudate. The cotyledons
were separated, and undergoing putrefactive changes.
The whole of the uterine mucons membizine was in i
catirrhal condition.  Smears made from the uterine
contents showed a variety of putrefactive arganisms,
but no vibrios; nor could vibrios be found by exam-
ining smears from  the sepuwruted cotyledons. The
Twtuses were not examined, as putrefaction was so far
advanced. Culture media were sown with the uterine
materitl, but t.l}e tubes hecame very foul, and no
vibrios ¢ould be idontified in the growths,

When summing up the result of Experiment 65 it
would appear that Ewe 114 (immunised) should be
exciuded, although vibrios were present in the dia-
charges, as it seemed highly probable that her feetus
was dead in utero at the time of infection. The
exclusion of Ewe 114 leaves five immunised animals
and six controls for consideration. Of the five immu-
nised ewes, two aborted, one lambed at full time, and
two were slanghtered on suspicion 34 and 76 days
after infection, but were found to he normal.

v Of the two ewes which aborted, vibrios were Fannd
in one.

Of the six control ewes which were not immunised
before infection, one lambed at full time and one
aborted. Four were slaughtered on suspicion 14, 30,
32, and 24 days after infection. Vibrios were found
in the discharges from the ewe which aborted. In
cach of the four controls sluughtered the uterus was
found to bhe in an aborting condition, but no vibrios
were present. In two of them, however, putrefaction
of the uterine contents was advanced,

These 12 ewes were put under experiment at an
early stage of the inquiry and merely as a preliminary
observation. It seemed to us that the only conclusion
which could be drawn from the experiment was that,
owing to the irregulurity of the results following
infection with cultures of the vibrio, it would be hope-
less to expect to obtain information of much prictical
importance by operiting on such a number of pregnant
ewes as one conld conveniently employ at a lahora-
tory, and that for further information on the value
of preventive inoculation one would require to under-
take extensive chservation on flocks exposed to natial
infection in the field. Our subsequent observations
serve, to coufirm this opinion, as we found that the
irregularity of the results of experimentai infection
with the vibrio showed itsclf when other stiains were
used. Apart from the question of immunisation, how-
ever, several points of interest arise out of the ahove
experiment. There is a considerabile amount of evidence
in support of the view that the vibrio soon lInses its
pathogenic properties under conditions of artificial
cultivation. Tf this be so, however. it is difficult to
explain the positive results in this experiment (65)
following inoculation with culture which had Dbeen
kept up on artificial media for several months (see
Ewes 118 and 131). If it be not the case that the
vibrio soon loses its pathogenic properties under such
circumstances, it might he permissible to attribute
abortion in the cases of Ewes 115, 127, 129, 132, 133 to
the experimental infection with cultures. The difficulty
of explaining the disappearance of the vibrio from their
uterine contents, however. would still remain, but, of
course, it is not improbable that this may be accounted
for hy the invasion of the uterus by putrefactive
bacterin some time before the act of abortion took
place.

With reference to iufection, the fact that vibrios
which had been excreted by Ewes [l4and [18 were
present un the pastures of the paddock ut an early date
(29th November), must uot be lost sight of, for it is
also quite conceivable that the vibrios excretod had
gaiued in virulence by passing throush these ewes, and
that Ewes 115, 127, 129, 132, and 133 were infected
from the pasture.

The positive result obtained in Experiment 66
by contact gives support to this possibility (sec
Experiment 66).

G.
INFECTION AT PASTURE.
Experiment 66, Ewes 34 and 150.

The ohject of this experiment was to test whether
pregnant ewes would become infe(‘:tcd by grazing in the
puadduck (about halt an acre) with those which were
used in the previous experiment. 1t does not come
under the heid of immunisation, but it is convenient to
give the details in this part of the Appendix us some
of the details arve intimately related to Experiment 63
It will be observed by consulting the last experimenl;
(65) that several of the ewes aborted in the paddock
and that vibrios were found in the discharges of some
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of them. We may take it, then. that the pasture had
become contaminated by the vibrio.

Ewe 34 (Dorset) was tupped on September 6th,
1907, and was expected to lamb early in February
1908.

Ewe 150 (Cheviot) was tupped on October 8th,
1907, and was expected to lamb early in March 1908.

Until they were brought in for the experiment,
both ewes had been kept in a field at a considerable
distance from the laboratory premises.

On December 13th. 1907. that is after some of the
ewes in the previous experiment had aborted, Ewes 34
and 150 were placed in the same paddock.

Ewe 34 aborted one fresh lamb und one munmmified
lamb on January 28th. 1908, that is 46 days from the
commencement of contact. und about five days before
full time. The membranes and the stomach fluid of
the fresh lamb were examined, but no vibrios could
be found. Smears prepared from the vaginal discharge
were also exumined with negative results. Culture
tubes sown with the stomach fluid of the fresh fetus
remained sterile.

Ewe 150 showed a dark brown coloured discharge
from the vulva, and aborted two feetuses on January
29nd, 1908. that is 40 days after the commencement of
contact, and 43 days from full time. Immediately
before abortion took place she evacuated from her
vulva about 50 c.c. of a yellow exudate. Microscopieal
examination of smears made from this exudate showed
it to contain an immense number of vibrios, and very
few other organisms. The feetal membranes were
macerated in appearance, and were very fragile. All
the cotyledons were covered by yellow exudate, which
was very tenacious and diffieult to scrape off. Scrapings

from the feetal cotyledons showed large numbers of

vibrios to the microscope. The feetuses were very dark
in colour, and somewhat emphysematous; they had
apparently been dead for some little time, and only a
small quantity of flnid was found in their stomachs.
The fluid was dark red in colour, and contained vibrios.
but a few other microbes were also present. This ewe
was not slaughtered until the 14th April. at which
date the uterus was quite normal in appearance.

It is to be observed that both these ewes aborted
subsequently to being put to pasture on a paddock
contaminated by vibrios from the uteri of at least two
ewes, and that the observation lends support to the
view that infection from vibrios is contracted from the
fields in which ewes huve previously aborted.

H.

EXPERIMENTS 7T0 71eEsT THE POSSIBILITY OF
USING THE SERUM OF A HYPER-IMMUNISED
ANIDMAL AS A PROTECTIVE AGENT.

It is well known that the injection of serum cannot
be e¥pected to endow the animal orgamism with
immunity against a bacterinl disease for more than a
period of from 10 to 20 days. This being so, and the
period of pregnancy in ewes being about 150 days. it
would have been absurd to altempt to immunise ewes
by injecting a dose of serum before they became
pregnant. Doreover, from a practical point of view it
did not appeur thut any remedy, which would have to
hLe administered to a flock of pregnant ewes at several
periods during pregnancy, would recommend itself to
the sheep farmer. Nevertheless. we thought it advisable
in the first instance to inquire whether repeated injec-
tions of protective serum to pregnant ewes which had
been infected would prevent them aborting, for it must
not be forgotton that it is possible that the majority
of abortions in the field arise from infection contracted
only a short time previous to Lhe act. The experiments
about to be described were camivied out during the
lambing seuson of 1907-8, at a4 time when the experi-
ments performed up to date with the vilrio had
furnished a considerable amount of evidence that that
microbe was responsible for outbreaxks of abortion in
sheep.

The serum used in the experiments was obtained
from Heifer 54, which had heen repeatedly subjected
to subcutaneous inoculation with large doses of liquid
cultures of the vibrios.

It may be here stated that cultures of the vibrio
are pnot at all toxic to cattle when administered

subcutaneously, and one can begin with an injection of
1,000 to 2,000 c.c. of actively growing cultures of vibrio
without causing any ill effects.

A month before serum was drawn from Heifer 54
for this experiment she had received one dose of 8,000
c.c. of actively growing culture of the vibrio.

Experiment 67, Ewes 140, 141, 142, 144,
145, and 146.

All these ewes (cross-hred) were tupped between the
last week in September and the first week in October
1907. They were therefore expected to lamb about the
middle of March 1908.

On October 27th. 1907, each ewe received 10 c.c. into
the vagina and 10 c.c. by the jugular vein of the following
mixture of cultures from Ewe 29 (sec Experiment 15):
400 ¢.c. of broth culture, which had been incubated for
eight days, triturated with six agar cultures which had
been incubated for 10 days. At the same time each cwe
received by the mouth 50 c.c. of a broth cultnre which
had been incubated nine days, triturated with four agur
cultures which had heen incubated 10 days.

All the ewes were allowed to run in a special grass
paddock during the experiment.

The strain of culture used for experimient was
the same as in the case of Experiments 55, 554, 56,
and 57.

It had been under conditions of artificial cultivation
for 135 days.

Ewe 140 on 12th December 1907 reccived sul-
cutaneously 20 c.c. of the above serum from Heifer 54,
and a similar dose was injected the day following. On
this day, however, 13th December, a hlood-stained
discharge was noticed at the root of her tail.

On 14th December, that is, 48 days after infection,
she was seen lying down isolated from the others,
and o big clot of mucus was found on the ground
behind her vulva. As this was thought to be a case
of early infection she was immediately slaughtered.
The uterns was cut out in the usual way, and taken
to the laboratory for examination.

Lesions.—On  opening into the orgun it was
found that one horn contained a considerable amount
of chocolate-coloured exudate between the mucous
membrune and the chorion. The cotyledons of this
horn when separated had a juicy and degemerated
appearance. The uterus contained one fetus, which
had probahly been dead for a. few days. as its tissnes
had a macerated appearance; it was not putrid. The
other horn was empty, but it had all the appeurance
of having recently been pregnant. No feetus, however,
counld be found after a careful search in the paddock.

Microscopical and Cultuwral Eramination.—A large
number of smears made from the uterine exudate were
examined, but no vibrios could be found. In fact, the
material seemed to be free from hacteria of any kind.
Culture media were sown with the exudate from the
pregnunt horn, hut no growth of vibrios was obtained.

Ewe 141 received subcutuneously 20 c.c. of the
serum of Heifer 54 on the 13th, l4th, 15th, 16th,
and 17th December. After an interval she augain
received subcutaneously 20 c.c. of the same serum on
the 30th und 31st January, and on the 1st, 2nd, 31d,
4th, und 5th February 1908,

On 24th March 1908, that is, at full time, Ewe 141
gave birth to a healthy lamb. No vibrios could he
found by microscopical examination of the feetal
cotyledons.

Ewe 142 received subcutaneously 20 c.c. of serum
from Heifer 54 on 12th, 13th, 14th, 15th, 16th, and
17th December. After an interval she again received
20 c.c. of serum of Heifer 54 on 30th and 3lst January,
and on 1st, 2nd, 3x1d, 4th, and 5th February.

On 2%7th February 1908, that is at full time,
Ewe 142 gave birth to a strong, heulthy lamb. No
vibrios could be found by microscopicul examination of
the fwtal cotyledons.

Ewe 144 received subcutancously 20 c.c. of serum
from Heifer 54 on December 12th, 13th, 14th, 15th,
16th and 17th.

On 24th February 1908, that is a few days short of
full time, she gave birth to two dead lambs. Both
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lambs were well developed, and had evidently died at
birth. No vibrios could be found in the luid from the
stomachs by microscopical examination or in smears
trom the fwtal cotyledons.

Ewe 145 received subcutaneously 20 c.c. of seram
from Heifer 54 on December 12th, 13th, l.ith, 15th,
16th and 17th.

On 16th March 1908, that is at- full time, Ewe 145
vave birth to o live lamb. No vibrios could be found
Ly microscopical examination of smears made from the
fwtal cotyledons.

Ewe 146 received subcutaneously 20 c.c. of serum
from Heifer 54 on December 12th, 13th, 14%h, 15th,
16th and 17th.

On 40th March 1908, that is at full time, Ewe 146
g:tve birth to a live lamb. No vibrics could be found
Ly microscopicnl examination of smears from the fital
cotyledons.

It is to be noted about these ewes that they were
kept in o different paddock from those which were the
subjects of Experiments 65 and 66, and that they were
not exposed to infection on the pastures. It is, of
conrse, open to question whether the injections of
serum cut short the action of the vibrios which were
used to infect. It seemed to us that the most useful
experiment with serum from a practical point of view,
and having regard to the uncertainty of obtaining
positive resnits with cultures, would be to inject a
considerable number of ewes about a month before time
with serum, and afterwards either inject them intia-
venously with uterine exudate containing a pure culture
of vibrios, or expose them to heavy natural infection
in the field. An opportunity of doing this has been
looked for, hut unfortunately none has as yet presented
itself. It is an opportunity which the Board of
Agricultnre and Fisheries might continue to lack for.
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Figure 1.—A smear of uterine exudate from Ewe 226 (sce p. 16), showing the vibrio in pure culture.

Descrirrion oF TEE Micro-Puotocrarus ox PraTe 1.

x 2.000.
9. —A smear from a scraping from a cotyledon of Ewe 29 (see p. 6). showi ribrio i :
BT R (see p. 6). showing the vibrio in pure

3.—Preparation from a three days’ old culture of the vibrio in broth. x 2.000.

4+.—Preparation from a four daye’ old culture of the vibrio on the swface of agar-potato medinm. whieh
had been incubated in a rarefied atimosphere. x 2.000.

5,—Prepa.ra.tion from a pure culture of the vibrio on the surface of agra-potato medium, which had
been incubated for a month. Some of the vibrios stain less deeply than in the easc of young
cultures. and a number of granules are present. x 2,000. -

G6.—Preparation from a month old_ culture of the vibrio on the swmiface of potato-agar. incubated in
rarefied _atmos}_)here. Few vibrios are present but there are an enormous number of grannles
like cocci. 'This culture was proved to be pure by sub-culture. x 2,000.

7~—Cnlture of the vibrio of sheep abortion in upright agar. incculated when liguid and solidified.
The culture was obtained from an ountbreak of vibrionic abortion amongst cows (see p. 22).
No surface growth appeared in this tube but was apparent in other tubes from the same source.

S.—Culture of the vibrio of sheep abortion in upright agar, inoenlated when liguid and solidified.

The culture was obtained from Ewe 29 (see p. §). The tube shows both the surface and ilie
sub-surface growth.

Our thanks are due to Mr. A, L. Sheather. B.Se.. M. R.C.V.S.. for preparing these photogr:iphs,
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