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IxTrODUCTION.

This enguiry was conducted in accordance with the instrue-
tions of the Board, who directed that attention should first
be confined to the area where plague-infected rats had previoasly
been found and that, if such rats were again djscovered, an
endeavour should then be made to determine the limits of the
infection. The area shown by previous investigations to have
been infected comprised the rural districts of Samford and
Woodbridge, the urban districts of Woodbridge and of Felix-
_stowe and Walton, and the borough of Ipswich. The present
enquiry commenced on July 1st, and was continued until
Oetober 31st, 1911.

ORGANISATION,

Police Assistance in Rat Collection.

The Board obtained, through the Home Office, the assistance
of Captain Mayne, Chief Constable of East Suffolk, throughout
the enquiry. Captain Mayne issued instructions to the follow-
ing effect: —

(1) The police officers throughout East Suffolk were to make
confidential enquiries and then to report answers to the following
questions : —(a) Are rats known to be dying in any part of the
officer’s distriet? (b) If so, in what parishes and on whose
premises? (e¢) What is the supposed cause of death? (d) Has
any sort of rat poison or virus been recently laid down? (e) Any
other information?

(2) The officers in charge of every police station in that part
of Fast Suffolk selected bv the Board for the collection of rats
were requested (a) to ascertain, by local enguiry, in what parts
of their distriets rats were likely to be found and to inform the
Board’s rat-catchers accordingly, (b) to receive at the police
station all rats brought in by these rat-catchers, (¢) to urge all
residents in their districts to eateh rats and bring them in to
the police station, and to pay, on behalf of the Board, 2d. per
rat, (d) to disinfect all rats brought in, (e¢) to see that a dise
bearing a number was attached to each rat, (f) to fill in for each
rat a card of identification, bearing specified particulars, and
(g) to forward the rals and the cards to the Municipal Laboratory
at Ipswich.

When it was found necessary to extend the area of enquiry
into portions of West Suffolk and the north of Essex, similar

assistance was obtained, through the Home Office, from the
Chief Constables of West Suffolk, Essex, and Colchester.

Arrangements by Mr. Huddart.

Mr. Huddart, Assistant Inspector to the Board, (1) made all
arrangements with the Chief Constables and their superin-
tendents for the work of the police, (2) engaged rat-catchers and
assigned them work week by week, (3) obtained and distributed
all material (disinfectants, cards, boxes, rat-traps, &e.) required
by the police and the rat-catchers, (4) visited all the police
stations and explained to the constables what was required,
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(5) made periodical tours of inspection throughout the enquiry
for the purposes of supervising the rat-catchers and keeping in
touch with the work of the police, and (6) took charge of the
clerical work in connection with the enquiry.

The Ipswich Laboratory.

On the recommendation of Dr. Pringle, Medical Officer of
Health for Ipswich, the Council of that Borough placed their
Municipal Laboratory gratuitously at the disposal of the Board
throughout the enquiry. All rats were received and dissected
in this laboratory by Drs. G. H. Maecalister and R. St. John
Brooks, who were engaged by the Board from July 1st to
October 31st for the performance of this work. The routine
clerical work was conducted in a room adjacent to bul separate
from the laboratory by Mr. Leach, a temporary clerk, who
worked under the direction of Mr. Huddart.

The Board's Pathological Laboratory.

In the case of any rats which on post-mortem examination
did not appear to Drs. Macalister and Brooks to be free from
suspicion of plague, the liver, spleen, and any other suspected
material from each of these animals were sent to the Board’'s
laboratory for diagnosis. They were there examined micro-
scopically, culturally, and by animal inoculation. Dr. Klein
acted as consultant in cases where il was thought that the
diagnosis needed his confirmation.

Routine,

When a rat was caught by one of the Board’s rat-catchers he
attached to it with string a perforated circular metal dise bearing
a stamped number. This number and the place where the rat
was caught he recorded in a note-book. Tt was to his interest
to keep these records accurately, as his weekly claims for pay-
ment were based on them. He caught his rats with the aid of
ferrets, dogs, and traps, but was not allowed to use poison.
In addition to the rats so obtained he added to his collection
any dead rats he could find; these latter were labelled and
recorded in the same way as the caught rats, and, in addition,
a piece of coloured tape was tied to each as a distinctive mark.
~ He brought in his day’s bag, in which he was not permitted
to include any rats less than half-grown, to the nearest police
station. There the constable disinfected them in 2 per cent.
lysol and entered on a separate card for each rat the following
particulars : —(1) the number on the metal dise (termed ** local
number ) ; (2) the date; (3) name of catcher; (4) parish where
caught or found; (5) exact place where caught or found:
(6) whether canght or found dead; (7) whether the occupier had
previously laid down virus; (8) if so, when and what kind.

When rats were brought in by voluntary workers, the constable
affixed to each a disc bearing a ‘‘ local number,” tied coloured tape
to any found dead, and then dealt with them in the same way
as with those brought in by the professionals.

The constable packed the rats in tin hoxes, each of which was
enclosed within an outer wooden box, and forwarded them,
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cenerally by carrier, to the Ipswich laboratory. The cards
bearing details of each rat were sent to the laboratory by post.

At Ipswich the cards were received in the clerk’s room, the
rat-boxes in the laboratory.

When the examination of each rat was completed, the
circular dise bearing the local number was removed by cutting
the string attaching it to the rat, and a square disc bearing
a serial number was attached by wire to the circular disc. The
serial numbers ran in sequence from 1 upwards, and registered
the total number of rats received in the laboratory. The pairs
of circular and square discs were collected in iwo lots, ome
bearing the numbers of the rats found free from plague, the
other bearing the numbers of those reserved for further examina-
tion. After being sterilised, these hatches of discs were sent
up to the clerk’s room. No articles of any sort which might
have been in contact with infective material were sent up to
the clerk’s room without being sterilised.

On receiving the pairs of dises, the clerk identified each card
by its local number and copied on to it the corresponding serial
number. Rach rat was then entered up, according to its serial
number, as “ normal’’ (i.e., free from plague) or *‘ reserved ”’
(i.e., specimens sent to the Board’s laboratory for examination).
At the end of each day’s work the clerk drew up a detailed
statement of all the rats examined during the day, giving the
names of the parishes from which the rats were received, the
numbers of rats received from each, the serial numbers of
all ““normal” and all *‘ reserved ” rats and of all rats found
dead, and, in the case of each ‘‘ reserved” rat and of every rat
found dead, the exact address where it was obtained. One copy
of this information was posted each evening to the Board’s labora-
tory and another to Mr. Huddaxrt.

In the case of each *‘ reserved "’ rat Drs. Macalister and Brooks
sent to the Board’s laboratory the liver, spleen and any other
material considered suspicious, together with a full account of
the post-mortem appearances of the rat, including microscopic
evidence obtained from smear preparations. This material and
information, and also the clerk’s daily record, were received
the next morning at the Board’s laboratory. The specimens
were there investigated microscopically, culturally, and by
animal inoculation. When a case of plague was fully estab-
lished, the Board was at once notified of the fact and of the
exact place whence the rat was obtained. At the same time
Mr. Huddart was asked to stop further supplies from the parish
whence the rat was obtained, to notify the occupier of the
premises where the rat was found of the presence of rat-plague,
to warn him of the danger, and to advise him to take energetie
measures to destroy any rats on his premises,

BacrErrorncioan Diacwosis 1n TtiE Boarp's LanoraTory,

Methods.

The routine method of staining film preparations from tissues,
fluids, or cultures was as follows: After dryving in the air and
then fixing for twe minutes in absolute alcohol, the smears
were stained, as recommended by Dr, Klein, with Czinzinski’s
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mixture of methylene blue and eosin. The formula for this
mixture is:-—

Methylene blue (conc. agueous solution) ... 50 ce.
Eosiu (soluble in aleohol) ... ... Dgm
Alcohol (absolute) P
Water (distilled) e 18len,

The stain was applied for at least five minutes, and at the
beginning and the end of this period was warmed over the
flame until steam rose. The specimens were then washed in
water, dried, and mounted in Canada balsam.

For the isolation of cultures slanted agar tubes and agar
plates were employed, the medium consisting of ordinary
nutrient agar made with beef broth, reaction + 10 to phenol-
phthalein. The surface of the agar was fairly dry. In the
carlier part of the investigation some use was made of
MacConkey's neutral-red, bile salt medium, with the addition
of mannite or lactose. It was found, hiowever, by comparative
experimenis with plague-infected tissue, that growth om a bile
salt medinm was less certain and slower than on agar, and that
the bile salt had some inhibitory effect, fewer plague colonies
being produced than on ordinary nutrient agar plates inoculated
with the same dose of the same material. Again, the fact that
intestinal bacteria, the growth of which was not inhibited by
bile salt, were commonly present in such contaminated and
decomposed tissues as had to be dealt with rendered bile salt
preparations of no great advantage as selective media for isolat-
ing plague bacilli from a mixture of organisms.

For culture work the spleen was usually taken. Cultures
were also made from other material which, after mieroscopie
examination, seemed suitable, After the surface of the spleen,
or other organ, had been well searved, a portion of the interior
was cut out with a sterile knife and placed on the first plate
or culture tube. After this material had been rubbed over the
surface two or three more plates or tubes were inoculated from
it in series. The temperature of incubation was 30° C.

In addition to the cultural investigation, the specimens in
nearly every case were tested by inoculation upon white rats or
guinea-pigs or both. Animals were also inoculated, when
thought necessary, with enltures or with such material from the
first experimental animals as rvequired further investigation.
The inoculation was usually made subcutaneously, but in some
cases cutaneously.

In the case of the specimens sent from Ipswich for diagnosis
the spleen and liver were usually selected for inoculation.
After the surfaces of these organs had been thoroughly seared,
portions of the interior were transferred to a small test tube,
well rubbed up with a glass rod and then emulsified with normal
saline. Other material, such as lymphatic glands, pleural
effusion or blood, was also used when thought requisite.

No case was diagnosed as positive until a typical plague
eulture and typical plague infection of an inoculated animal
had heen obtained. With the exception of 12 cases where
animal inoculation was not considerel necessary, mo case was
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settled as negative until it was proved that the material was
incapable of producing plague in an experimental animal.
Enquiry was also made into the action of the plague bacilli,
after isolation in pure culture, upon various carbohydrates and
allied substances snd into their virulence, in measured dosage of

culture, for experimental animals.  Broth cultures showing
typical stalactites were also obtained with several of the viruses.
Results.

Out of the 15,332 rats which were dissected at the Ipswich
laboratory by Drs. Macalister and Brooks, specimens from 151
were sent to the Board’s laboratory for diagnosis. They were
there examined by the methods described above,

Thirty-five of the rats were found to be plague infected, the
remaining 116 being proved negative as regards plague.

Awxarysis or ReEsvrrs 1v Positive CasEes.

Preliminary Data.

Out of the 35 rats proved to be plague infected, 21 had been
caught and killed, the remaining 14 had been found dead.

At the time of the post-mortem examination the condition, as
regards preservation, of 30 of the above rats was described by
Drs. Macalister and Brooks as either *“ good’’ or *‘ fair '’ ; the
remaining five were either ““ bad '’ or ** putrid.”

Accompanying the selected material submitted to the Board’s
laboratory for diagnosis, full details were sent of the post-mortem
21“1 ﬁﬂcruacupic appearances which Drs. Macalister and Brooks

ound.

These data may be classified as follows : —

Group {.—In this group, to which 28 of the positive cases
belong, the appearances were either typical of plague or very
strongly suggestive of it. The predominant features were
marked subcutaneous congestion and general distribution in the
tissues of bacilli, usually very numerous, which were morpho-
logically identical with B. pestis. A good example is Rat 2,876,
which was described in the following detail : —Macroscopically :
The right inguinal gland was the size of a pea, with a necrotic
centre and thick walls; the pelvic glands were enlarged; sub-
cutaneous congestion was intense In the region of the right
inguinal gland and was very well marked all over the trunk;
no hemorrhages were seen: there was some clear pleural
effusion ; the liver was large, firm, generally pale, mottled, and
showed pumerous punctate necrotic foei; the spleen was large
and firm, with well-marked granulation. Mieroscopically: A
few bacilli, with some involution forms, were found in the
necrotic centre and in the walls of the right inguinal gland;
some bipolar baecilli were seen in the right pelvie gland; no
organisms were found in the pleural effusion; scanty bipelar
bacilli were found in the liver and spleen; a few plague-like
bacilli were found in the heart’s blood.

This case proved to be, in most respects, typical of the group.
But in the remaining 27, though glandular enlargement and
congestion were usually found, necrosis of a lymph gland only
eccurred once, and plaguelike bacilli were numerous in the
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organs in 22 cases. Other differences which occurred in some
of these 27 cases were minor and were not sufficiently marked
to justify classification in a separate group.

Twelve of these 28 cases were rats which had been found
dead ; three of the rats were found at the post-mortem examina-
tion to be ““ bad *’ or * putrid.”

Group II.—To this group seven positive cases belong. In
general, the macroscopic and microscopic data cannot be regarded
as affording more than slight suspicion of plague. Some bipolar
baeilli were found in each case, but subeutaneous congestion was
only marked in one case and was absent altogether in three. Rat
1,030 belongs to this group. As this was the first case in the
present enquiry which turned out to be positive, the full descrip-
tion of its post-mortem and microscopic appearance is of
particular interest. Macroscopically : There was some enlarge-
ment of the submaxillary glands; there was neither subcuta-
neous congestion, hemorrhage, nor pleural effusion; the liver
showed punctate, white necrotic foci; in the spleen there were
remains of a white infaret. Micrescopically ; Numerous bipolar
bacilli were found in the liver and heart’s blood. This
is the only case, among the seven, in which bipolar baeilli were
recorded ss numercus: in one case, in which the tissues were
decomposed, ** mixed organisms” including bipolar bacilli were
found; in the remaining five cases bipolar bacilli were stated to
be scanty.

Two of these seven cases were rvats which had been found

dead ; two of the rats were found on post-mortem examination
to be “bad ** or *‘ putrid.”

Results of Culture Work.

Isolation of the Plague Bacillus by Culture.

In 25 out of the 35 positive cases Bacillus pestis was obtained
by direct culture of the original material, and in many cases
without admixture of any contaminating organisms. Cultures
were obtained from the spleen in 26 of these cases; in the remain-
g 3 they were obtained from the liver; additional cultures
were obtained in 8 cases from livers and in 2 cases from
lymphatic glands.

In the remaining 6 out of the 35 cases direct cultures from
the original material failed. In three instances they were over-
grown; in two other cases, where bile salt media alone were
used, no plague colonies appeared; in the sixth case no culture
was attempted, as the original material was very putrid.

In each of the above six cases cultures of B. pestis were
obtained from the animals inoculated with the original material.

Characteristics of the Plague Cultures.

The following were the main characteristics of the cultures.
which were obtained by the methods described ahove (p. 4).

On examination the next day, within 24 hours aften inocula-
tion on agar, plague colonies were usually visible with the aid
of a hand lens as minute transparent points; when the material
inoculated contained numerous plague bacilli, a thin growth
over the surface could be seen by the naked eye. The colonies,
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transparent at first, soon became denser and then exhibited a
delicate but characteristic ground-glass appearance; as the
colonies grew older they became completely opaque. The
typical plague colony, two to three days old, was greyish white,
with a smooth, shining surface; the centre of the colony was
slightly raised, the margin thin, grey, translucent and irregular;
in this margin minute colonies sometimes developed. The
adlhesive nature of the culture was an important characteristic,
to which special attention has been called by Dr. Klein. This
pecualiarity, which developed early when incubation took place
at 30° C., was readily demonstrated by touching the growth
with the platinum needle; on gently raising the needle, the
c-]l;lltuae adhered to it and was drawn out in the form of a long
thread.

In subculture on agar slanis, and also in primary culture
from tissues rich in plague bacilli without admixture of other
organisms, the surface became covered with a continuous greyish-
white layer, exhibiting the characteristic stickiness when
touched with the platinum ueedle. Not uncommonly discrete,
dense colonies of plague bacilli grew up above the rest of the
surface of a pure culture.

As the cultural results obtained on agar were unequivocal and
distinetive and were corroborated in every instance by the pro-
duction of typical plague in an experimental animal, no further
culture work was considered necessary for the purpose of
diagnosis.

Incidentally, a few experiments were made on the production
of stalactites in broth covered with a thin layer of butter fat
and kept at room temperature. Out of the six strains, selected

at random, which were tested five produced typical stalactites,
the sixth failed {o do so.

Fermentation Tests.

For the purpose of a comparative study of plague bacilli with
other organisms which are often differentiated from each other
by means of fermentation tests, each of the 35 plague viruses
was submitted to a series of these tests.

To ordinary peptone water, made wilh tap water and coloured
with 10 per cent. litmus solution, ‘5 per cent. of one of the
following chemically pure carbo-hydrates or other compounds
was added :—glucose, fructose, galactose, maltose, lactose,
saccharose, raffinose, iso-duicite, glycerin, mannite, duleite,
adonite, inulin, and salicin. Fach of these media was put up
in Durham’s fermentation tubes. Litmus milk and malachite
green peptone water were also used as test media.

With all 35 viruses acid, but no gas, was produced in—glucose,
fructose, galactose, maltose, mannite, adonite, and salicin.
The reactions with the last two were slow, salicin taking about
6 days and adonite about 12 days,

With all 35 viruses no change of reaction was produced in—
lactose, saccharose, raffinose, duleite, glyeerin, inulin, and
litmus milk., The period of ohservation, in each case, was
28 days. During this period no appreciable change was noted
in the malachite green medium, but after about 5 weeks’ incuba-
fion many strains slightly decolourised this medium.
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With 4 of the viruses acid was formed, in 20 days, with iso-
duleite; with the other 31 viruses during this period no change
was produced with this compound, but in the case of two of
these 31 acid was formed after a further incubation of 20 days.

For the purpose of control, all the above tests were performed
also with two previously authenticated strains of plague bacilli;
for one of these we are indebted to Dr. Klein, for the other to
Dr. Rowland, of the Lister Institute. These two strains pro-
duced no change in iso-dulcite; in all the other tests they corre-
sponded exactly to the 35 strains mentioned above.

Results of Animal Experiments.
Inoculation of Rats with Plague-infected T'issues.

With the exception of a few cases where the cutaneous method
of inoculation was adopted, the material was inoculated sub-
cutaneously in the right groin, :

The day after inoculation the rats usually looked ill, with
staring coat, and local tenderness and swelling could be felt on
palpation. They rapidly became worse, dyspnea being marked,
and died in from 2 to 8 days; death usually occurred between
the second and the fourth day. In every case subcutaneous
inoculation produced a fatal result, a tumour being formed
at the site of inoculation.

The local lesion was mvariably found to be neerotic and
wdematous. It was surrounded by an area of congestion which
was often intense. There was general redness and vascular
engorgement {hroughout the weniral subeutaneous tissues.
These features were constant and particularly conspicuous.

The inguinal and iliac glands were usually enlarged and often
congested and necrosed, the extent of the lesions being propor-
tionate to the duralion of the animal’s life. The axillary and
submaxillary glands were sometimes enlarged and congested.

In several cases the spleen did not appear abnormal in size,
colour, or consistency. In others it was enlarged, firm, and
dry on section. In one rat, which lived for 8 days, the spleen
was peppered with grey foci.

In animals which died in from 2 to 3 days the liver generally
showed nothing more than congestion. In later cases it showed
either small, irregular patches of necrosis or minute irregular
grey foci.

The lungs were frequently cedematous and congested, but no
pleural effusion was found.

Plague bacilli were almost invariably numerous in the local
lesion and the neavest glands, being usually irregular in size
and shape and often showing involution forms. In the spleen
they were often scanty, especially when the animal died early
with marked local reaction. In some ecases the bacilli were
abundantly disseminated throughout the body and in the blood.

Inoculation of Guinea-pigs with Plague-infected Tissues.

The material was inoculated subeutaneously in the right groin,
in the same manner as with the rats.

The day after inoculation it was usually found that the
animals were quiet and that local tenderness and some swelling
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could be detected on palpation. Day by day the animals rapidly
hecame more ill and lost flesh, whilst the local swelling increased
in size. At death there was usually a firm, prominent swelling
and the right hind leg was drawn up. Death occurred between
the third and the tenth day; in the majority of cases 1t was
between the fifth and the sixth day.

At the site of inoculation there was found in the subeutaneous
tissue an infiltrating tumour which, on seetion, was seen to be
centrally necrotic and to be surrounded by an area of intense
congestion and @dema. The size of the tumour varied, being
usually larger in the animals which lived longer; the largest
was the size of a pigeon’s egg and was found in a guinea-pig
which had lived for ten days after inoculation.

Subcutaneous congestion and edema extended for a consider-
able distance beyond the local lesion, with engorgement of the
subcutaneous capillaries and veins; but the w@dema was never
found to spread completely over the ventral subcutaneous tissues.

The inguinal and iliac lymphatic glands were enlarged and
congested, particularly in the cortex; their interior usually
showed extensive necrosis.

The spleen was usually enlarged, congested, and either mottled
with pale, irregular necrotic areas or studded with diserete, soft,
grey nodules ranging in size up to 1 mm. in diameter. In cases
of very acute infection ending fatally in about three days the
spleen remained small and did not exhibit macroscopic lesions.

The liver, as a rule, was enlarged; sometimes it showed
nodules similar to those found in the spleen; in other cases it
was peppered with irregular, grey foci. In cases which termi-
nated fatally in three days no lesions were visible.

The lungs were usually congested and wdematous, sometimes
with patches of consolidation. They were frequently studded
with soft, greyish-white nodules with a congested periphery.
The largzest of these nodules were found in the less rapidly fatal
cases; in one animal, which had lived for 10 days, they attained
the diameter of 56 mm. Pleural effusion was found sometimes.

In almost every instance the tissues of the animals contained
enormous numbers of plague bacilli; in smears from the spleen
or the lung nodules this feature was particularly noticeable.

I'noculation of Rats and Guinea-pigs with Plague Cultures.

In rats inoculated with culture, the wdema, congestion, and
necrosis of the loeal lesion, the general subcutaneous congestion,
and the enlargement, congestion, and necrosis of the inguinal
and iliac glands were all features which corresponded eclosely
with the results obtained by the moculations of infected tissues.
As compared with tissue emulsions, pure cultures produced less
macroscople change in the spleen and liver; the spleen, though
sometimes enlarged and often firm and dark on section, did
not show foci of mnecrosis; the liver was generally normal in
appearance, though oceasionally showing a few grey foci. The
lungs were generally cedematous and sometimes congested; in a
small proportion of the cases (less than a quarter) there was a
little pleural exudate.

In guinea-pigs culture inoculations produced very much the
gsame effects as emulsions of tissue.
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The Virulence of the Plague Strains.

In the earlier part of the enquiry the cultures isolated from
each case of rat plague were tested for virulence and were com-
pared in this respect with two previously authenticated strains
of plague bacilli received respectively from Dr. Klein and from
Dr. Rowland at the Elstree Laboratory. It was found that pure
cultures of all the strains were of high, and of about equally
high, virulence for rats and guinea-pigs. It was not considered
necessary to continue these culture tests systematically through-
out the enquiry because in no instance was a virns obtained
which, when inoculated in the form of a tissue emulsion, afforded
any indication of being lower in wvirulence than the wviruses
already tested by inoculation both of cultures and of tissue
emulsions.

The estimation of dosage was made by weighing on a chemical
balance a platinum loop charged with culture and then sub-
tracting the weight, previously ascertained, of the platinum
loop. The weighed culture was finely emulsified with the
requisite amount of normal saline solution to afford a convenient
volumatric measure of dosage.

Most of the inoculations were made subcutaneously, but
virulence for rats was also tested by the cutaneous method, one
or two loopfuls of dilute emulsion of culture being smeared over
the shaved and lightly scarified skin at the root of the tail.

The results of these virulence tests are tabulated below.

Virulence of the Plague Cultures for Rats inoculated

subcutaneously.
Number or Name | Dose inoculated, Number of | Duration of life,
of Virus, in mgms. Rat inoculated. in days.

1,264 | 46 3
1,030 1 48 5
1,694 01 42 3
1,691 01 44 3
1,769 01 i 5
2,064 01 58 | 4
“ Klein " ‘01 G0 | 3
“Klstree” | 001 52 4
2,156 001 131 _l 3
3,346 001 | 135 ; 3
3,430 001 | 135 | 4

4,849 001 | 150 | [remained healthy.]
4,849 00001 } 151 | b
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when further investigation wus made at the Board’s laboratory,
105 had been caught and killed; the remaining 11 had been
found dead.

At the time of the post-mortem examination the condition, as
regards preservation, of 93 of the above rats was described by
Drs. Macalister and Brooks as either *‘ good ”* or ** fair *’; the
remaining 23 were either *‘ bad '’ or ** putrid.”’

The post-mortem and microscopic details furnished from the
Ipswich laboratory may be classified as follows:—

Group [.—TFive cases fall within this group and resemble the
positive cases found in Group I. (page 6) in so far as their
descriptions are strongly suggestive of plague. Subcutaneous
congestion was present in all and was very marked in one. In
four cases bipolar bacilli were numerous and generally distri-
buted; in the fifth they were generally distributed in small
numbers. With the exception of one liver, necrotic or granular
changes are described in the livers and spleens of all the cases.
Pleural effusion was found in every case and glandular enlarge-
ment in all but one. One rat (4,843) was in bad condition and
one (10,5610) was found dead.

Group 1I.—Sixty-one of the negative cases fall into this
group. They resemble the positive cases in Group II. (page 7)
in that the maecroscopic and mieroseopic data afford slight, but
no more than slight, suspicion of plague. The following are the
main general facts concerning these 61 cases: —

Macroscopically :—Subculaneous congestion was present in
39 cases but absent in 22; pleural effusion was present in 42
but absent in 19; mottling or necrotic foci were present in 30
livers but absent in 31; granulation or necrotic foci were present
in 20 spleens but absent in 35; enlargement of lymphatic glands
was seen in the majority of cases.

Microscopically :—In each case bipolar bacilli were found in
some part of the body, though usually they were not numerous;
in 54 cases the liver or spleen, or both organs, were examined,
and in 53 of these cases bipolar bacilli were found in one or
both of these organs.

In eight cases there were found—subeutaneous congestion,
bipolar baeilli in the liver and spleen, pleural effusion, and the
above-mentioned changes in the liver and spleen.

Eight of the sixty-one rais had been found dead; 13 were
““bad ” or *‘ pulrid ** when dissected. :

Group I11.—This group comprises H0 cases, each presenting
some element of doubt at the time of the post-mortem examina-
tion, though it was obvious that further investigation was needed
before plague infection could be proved or even definitely
suspected.

The following are the main features of these cases:—

Macroscopically :—Subeutaneous congestion was present in 18
but absent in 32; pleural effusion was present in 21 but absent
in 29; liver changes were present in 25 but absent in 25; spleen
abnormalities were present in 21 but absent in 29; enlargement
vt tymphatic glands was noted in all but 12,
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Microscopically :—Bipolar bacilli were only f?und once in the
liver or spleen; they were present in other regions of the body
in 33 cases; in 16 cases no bipolar bacilli were found in any part

of the body.

Two of the above 50 cases had been found dead; 9 were ““ bad ”
or ‘‘ putrid ”’ when dissected.

Results of Cultures and Animal Experiments.

Cultures were usually made from the spleen; under special
circumstances the liver, a lymphatic gland, pleural exudate, or
other material was also used.

Cultures were attempted from the original material of all
except four of the cases which turned out to be negative, these
four being omitted because the material was too putrid to give
any prospect of success. In 20 cases the agar media inoculated
remained sterile; in 16 the primary cultures were overgrown,
so that it was impossible to decide whether or no they contained
plague bacilli; and in 76 discrete colonies were obtained, which
rendered it possible to decide, either directly or after subeulture
of any doubtful colonies, that no growth of plague bacilli had
been obtained.

The animals inoculated with original material remained
healthy in 71 out of the 116 negative cases, and after being kept
alive for a sufficient period (from one to two weeks) were killed,
and proved by post-mortem examination to be free from disease.

In 12 cases it was not thought necessary to inoculate animals
with original material, and in these the microseopic and cultural
evidence appeared conclusive. In 2 of these cases the eulture
media inoculated remained sterile; in 8 diserete colonies, unlike
plague, were ohtained ; and in 1, though the agar cultures were
overgrown, cultures on bile salt media yielded discrete colonies
but failed to develop any resembling plague.

In the twelfth case, Rat 818, a culture from the submaxillary
gland, though more luxuriant than plague, was somewhat sticky
in character; it was therefore tested on a guinea-piz and a rat,
but failed to produce any disease. It was also observed that
the culture fermented raffinose and saccharose.

In 33 cases the original material inoculated produced, in one
or more of the animals, lesions, sometimes fatal, which were
distinguished from plague either directly by macroscopic and
microscopic examination or after further investigation, including
the raising of cultures and, where necessary, animal inoculation.

22216 B2
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Bacteria of some Special Interest.

Bacilli belonging to the Girtner Group.

An organism belonging to this group was isolated sixteen
times, thrice from the original material and in thirteen instances
from rats inoculated witlh original material. A feature of
these cases was the occurrence in the tissues of bipolar staining
bacilli closely resembling the plague bacillus.

The organisms gave the following reactions. Acid and gas
were produced in glucose, galactose, fructose, mannite, and
duleite. In maltose acid was produced, sometimes with and
sometimes without gas. In glycerin and iso-dulcite acid was
produced but no gas. No change of reaction occurred in lactose,
saccharose, raffinose, inulin, or salicin. Litmus milk became
acid at first, but afterwards changed to alkaline, The above test
media were kept under observation in every instance for at
least 18 days.

Several other cases, in addition to the above 16, produced
in experimental rats lesions typical of Giirtner infection, but
it was not thought necessary to investigate these culturally.

A Cocco-bacillus from a Rabbit.

In addition to the rats’ tissues, specimens from omne rabbit
were received for examination as being under suspicion of
plague.

The animal had been found dead. The postmortem report
stated that there was subcutaneous congestion, a small and
granular spleen, a congested liver with necrotic patches, and
copious pleural effusion; numerous bipolar bacilli were seen in
the liver and the lleurt’s blood, and a few in the spleen.

From the tissues furwartlecl for examination, the liver and
spleen yielded on agar slants pure cultures of a cocco-bacillus;
the colonies presented a resemblance to those of plague in their
general appearance, but were more translucent; the cultures grew
more readily than those of plague and were nut sticky.

Rat 212 was killed 13 days after inoculation with an emulsion
of the liver of the rabbit. There was an ulcer at the site of
inoculation, but no glandular erula,rgement with the exception
of a few areas of congestion in the lungs, the organs were
normal.

G.P. 900 died one {Iny after inoculation with an emulsion of
the rabbii’s spleen. The local lesion was deeply congested and
oedematous, and there was oedema of the adjacent subeutaneous
tissue. There was slight excess of peritoneal fluid, but all the
internal organs appeared normal. Swarms of very small bipolar
bacilli were found in the local lesion, and a few short, thick
bacilli in the spleen and blood. A culture from the local lesion
proved identical with those obtained from the tissues of the
original rabbit.

Rabbit 13 died 3 days after cutaneous inoculation in the ear
with a minute dose of culture from the original rabbit’s spleen.
Post mortem, there was some thickening and bluish redness of
the ear; the spleen and liver were both covered with a thin
fibrinons layer which wag easily removed; irregular, greyish
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foci were then found in the substance of each organ; the lungs
were congested and oedematous. In the spleen small bacilli
were abundant; in the blood small bacilli with well-marked
hipolar staining were numerous.

The cultural characteristics of the organism were as follows:
it was non-motile, Gram-negative, and formed a deposit in
peptone water without producing turbidity. It Fformed acid,
but no gas, in media containing respectively—glucose, galactose,
fructose, saccharose, mannite, and glycerin. It produced no
change of reaction in media -containing—maltose, lactose,
raffinose, iso-dulcite, dulcite, adonite, salicin, or inulin; no
change was produced in litmus milk or malachite green.

From the above cultural and animal tests, the organism was
evidently the bacillus of rabbit septicaemia.

Colonies bearing some Resemblance to Plague.

In 19 of the cases which proved to be negative, the primary
cultures contained colonies which, during the first two days,
bore some resemblance to plague colonies. They became
visible within the first twenty-four hours after incculation as
small, almost transparent points. Subsequently their develop-
ment was slow; they remained small and transparent, but
gradually became slightly raised in the centre. Subcultures
grew in the form of diserete colonies, and never produced more
than a very thin and transparent layer. After the first two
days, therefore, there was no difficulty in distinguishing these
growths from plague. As a matter of subsidiary interest, how-
ever, they received further investigation.

In every case examined the colonies consisted of a Gram-
positive coceus with a tendency to assume slightly elongated
forms which might perhaps be called very short baeilli.

The organism, when tested after being in culture for a con-
siderable period, was not pathogenic for mice, no more than a
small, purulent focus being formed at the site of inoculation.
One strain inoculated subeutaneously into a rat and a guinea-
pig failed to produce any disease.

In seven cases the coccus produced acid and elot in litmus
milk, and acid, without gas, in glucose, galactose, fructose,
maltose, saccharose, lactose, mannite, dextrin, and salicin. No
change of reaction was obtained in raffinose, dulcite, or inulin.
In five other cases the organism was a somewhat less active
fermenter, saccharose being unattacked in one case, mannite
and salicin in a second, mannite and lactose in a third, and
mannite, lactose and salicin in a fourth. In the fifth case the
coccus had no action on litmus milk, and failed to attack lactose,
saccharose, mannite, and salicin.

It is doubtful whether these cocci were responsible for any
pathogenic changes in the rats from which they had been
obtained, and it is noteworthy, in this connection, that all the
experimental rats inoculated with the original material remained
healthy. They were all from ecases showing marked pleural
effusion, but there is no evidence that the cocci were responsible
for this condition.
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EvinencE As To DISTRIBUTION AND APPARENT LIMITATION OF
Ix¥ECTION.

The Area from which Rats were Collected.

The area investigated is shown on the accompanying map,
prepared from data furnished by Mr. Huddart.

At the beginning of the enquiry attention was confined to
the borough of Ipswich and its environment, the rural districts
of Samford and Woodbridge, and the urban districts of Wood-
bridge and of Felixstowe and Walton, this being the area where
plague rats had previously been found.

Six rats obtained during the latter half of July from the
parishes of Sutton, Bawdsey, and Trimley St. Mary, in Wood-
bridge rural district, and from the parish of Bentley, in Sam-
ford rural district, proved to be plague infected.

As soon as these cases were fully established, steps were taken
to extend the area of enquiry, whilst contmu:utr the search for
infected localities in the original area. The enlﬂrged area com-
prised a larger field in East Suffolk, a small portion of West
Suffolk, and a strip of Essex adjacent to the south of Suffolk.
Various reasons determined the actual demarcation of the area.
To the north it included certain parishes from which reports
had been received last year of rats being found dead in unusual
numbers: to the north-west it included the whole of Bosmere and
Claydon rural distriet, which had not been searched during
the Board's enquiry in the beginning of the present year; to
the west it extended far enough to include a parish in which
a plague-infected hare had been found last year; and to the
south it took in a fairly wide strip of land on the right bank
of the Stour, including a parish where a plague-infected hare
had been found last year.

Comparison with the Area previously Investigated.

The present investigation has been especially directed to the
whole of the area which was not examined during the rat
enquiry conducted for the Board during the period January 16th
to February 14th, 1911.*

The area referred to consists of the rural districts of Cosford,
Samford, Bosmere and Claydon, and Woodbridge, the urban
districts of Hadleigh, Woodbridge, and Felixstowe and Walton,
and the borough of Ipswich.

In addition to comprising this arvea, the present enguiry has
extended a short distance to the north and to the south. (See
map.)

The result of the former enquiry was that no plague-infected
rats were found in a wide peripheral zone surrounding the area
omitted from that investization. In the present enquiry plague-
infected rats have been found only in this last-mentioned area,
and only in a limited portion thereof, which corresponds closely

® Reports to Local Government Board on Public Health and Medical
Subjects. New Beries, No. 52,
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to, but is slightly more limited than, the area proved to be
infected with rat plague before the former enquiry was
instituted.

The Supply of Rats.

During July and August, the first two months of the present
enquiry, rats were, as was anticipated, particularly difficult to
obtain. They were dispersed in the open country amongst the
standing crops and densely overgrown ditches and hedgerows;
and during harvest farmers and their assistants were too busy
to spave time for ratting. .

There was, however, an important reason for commencing
the present enquiry at the beginning of July. Rat-plague
usually tends to expand from sporadic outbreaks imto epizootic
proportions at the beginning of autumn; therefore it was
particularly desirable to locate early cases, in order that pre-
ventive measures might be directed to the foei where these were
found, before the time arrived when rapid spread of the infection
was likely to oceur.

This anticipation was justified by results.  The first rat
(No. 1,030) which proved to be plague-infected was caught on
July 17th, and by the end of that month infected rats had been
secured from five different foci. The Board at once advised
the local authorities concerned, and the Board’s investigators,
as soon as a ecase was diagnosed, visited the farm or other
premises where the case occurred, warned the occupier of the
danger, and advised thorough and persistent rat destruction.
This procedure was maintained throughout the enquiry, when-
ever fresh cases of rat-plague were detected,

The abnormally hot and dry weather experienced throughout
July and August this year made rat-catching particularly diffi-
cult; at the same time it had the advantage of reducing to some
extent the normal proliferation amongst rats, owing to their
difficulties in obtaining the moisture requisite for their own
subsistence and for suckling their young. Another reason for
their scarcity was that a large number of farmers throughout
the area investigated had been systematically killing rats
throughout the year,

In September and October the area of enquiry had been
extended, the harvest was over, the rats were beginning to come
back to food supplies near farm buildings, and the farmers and
their men had more time to interest themselves in ratting.
For these reasons there was then no difficulty about obtaining
a daily supply of as many rats as could be dealt with in the
Ipswich laboratory; in fact, prompt measures had to be taken
to reduce the inflow, which towards the end of September became
excesslve.

For many reasons the numbers of rats taken from each parish
(see map) varied considerably. Parishes differ greatly in
size and in the number of farms which they contain; the
rat population is very irregularly distributed: and in some
districts the farmers are muech more enterprising in rat destruc-
tion than in others.  Special attention was paid to parishes
which were under suspicion last vear owing either to the dis-

-



28

covery of rat-plague or to local reports of excessive mortality
amongst rodents. In some of these parishes no plague could be
discovered, although every efiort was made to obtain for exami-
nation as many rats as could be found.

As soon as a positive case was diagnosed, further supplies were
stopped from the parish whence the rat had been obtained, as it
was the object of the enquiry to determine the limits of the infec-
tion rather than to ascertain how many cases of infection could
be discovered in particular areas; and, owing te the migratory
habits of rats, the discovery of one infected pocket was considered
sufficient to stigmatise its environment, within a radius of
several miles, as possibly plague-infected.

Although speclal search for dead rats was invited and the
same price was paid for these as for rats which had been caught,
out of the total 15,332 rats only 69 dead rats were brought in.
During the Septemher and October of the previous year dead
rats were reported in large numbers, particularly within
or near to localities where the existence of rat-plague had
been proved. All the known pockets where rat-plague had
previously been found were re-examined several times during
the present enquiry, but iu only a few cases were fresh cases of
the disease discovered.
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the enquiry. He and his colleague, Dr. Brooks, though engaged
upon work which was extremely unpleasant, tiring, and of long
duration, always exhibited remarkable skill in the selection of
the material which they submitted to us for diagnosis,
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Lelpful in facilitating arrangements at the Ipswmh laboratory,
the use of which for the purpose of the enquiry must, we fear,
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ance throughout the enquiry by placing at our disposal his
experience of rat-plague in the distriet which we were investi-
gating. Dr. Hollis, Medical Offhicer of Health for Woodbridge
rural district, and Dr. Redpath, Medical Officer of Health for
Woodbridge urban distriet, also took great interest in the enquiry
and assisted us in the examination of areas likely to prove
plague infected.

The Chief Constables of East Suffolk, West Suffolk, Essex, and
Colchester gave us every possible faeility for the collection of
rats through the aid of i:he police; and the highly efficient
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organisation of their forces is respomsible in large measure for
the maintenance of a satisfactory supply of rats throughout the
enquiry. The individual constables undertook the extra work
which devolved on them with willingness and enthusiasm, and
spared neither time nor trouble in obtaining supplies of rats
from the farms on their beats. Special thanks are due to Captain
Mayne, Chief Constable of East Suffolk, and his assistant,
Superintendent Staunton, for their keen personal interest in the
enquiry and their skill in organisation.

Throughout the four months of the enquiry Mr. Gordon
Merriman worked daily with the rat-catchers for the purpose
of collecting and investigating the fleas from the freshly killed
animals. His practical advice, based on the local knowledge
thus gained and on his personal experience of ratting, added
much to the efficiency of our control over the daily work of the
rat-catchers,

SUMMARY.

During the period July lst—October 31st, 1911, 15,332 rats
were examined for plague infection. These rats were obtained
(see map facing p. 26) partly from the area which in the
previous year had been found to be infected with rat-plague and
partly from the districts immediately adjacent to this area,

As a result of the present enquiry 27 farms or other premises
were found to harbour plague-infected rats.

These 27 places are all within the area previously pronounced
to be infected. No plague-infected rats have been discovered
outside this area.

Experience of rat collection during the present enquiry showed
that the rat destruction which had been maintained by local
enterprise since the end of 1910 had in many localities appre-
ciably diminished the rat population,

RECOMMENDATIONS.

At the close of the present enquiry the conclusion appeared to
be justified that prompt and persistent rat destruction, systema-
tically conducted throughout the infected area and in the dis-
tricts peripheral to this area, if maintained for a period of at
least 18 months, held out the best prospect of eliminating the
disease in its present area of prevalence,

_As there is an appreciable risk of rat plague being commu-
nicated, directly or indirectly, to human beings, and as a
declaration of human plague might involve serious commercial
loss, the expenditure requisite for efficient rat destruction in the
affected area is strongly to be recommended,

ArTHUR EasTwoon,
. Grirrrom.

e
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APPENDIX,

Report upon the Post- Mortem Examination
of Rats at Ipswich by G. H. Macalister,
M.A., M.D., Assistant Bacteriologist at the
Lister Institute of Preventive Medicine,
and R. St. John Brooks, B A., M.B.

IxTropUCTION.

On June 30th, 1911, we proceeded to Ipswich, with instruc-
tions from the Local Government Board to assist in an enquiry,
the purpose of which was to determine the extent of the plague
epizootic amongst rats in the surrounding districts. The share
of this work allotted to wus consisted in examination, at the
Muniecipal Laboratory, of the animals received, and in selection,
for further investigation by the Board’s pathologists in London,
of material which appeared suggestive of plague. For this
purpose, rats presenting features in any degree consistent with
the presence of plague were regarded by us as suspicious.

PRELIMINARIES.

The rats were delivered at the laboratory in boxes. These
were opened, and the rats taken out and affixed to dissecting
boards. Dissections were made so as thoroughly to expose the
principal lymphatie glands, thoracie and abdominal wviscera.
After inspection, rats obviously free from plague and in other
respects devoid of interest, were removed to suitable receptacles,
pending transference to the destructor. Those of pathological
interest, either with regard to the possibility of plague-infection
or from other cause, were set apart for further scrutiny.

For purposes of identification and reference, all rats were
numbered.

Rats set aside on the strength of gross post-mortem appear-
ances as possibly infected with plague were submitted to a com-
plete microscopical examination. Films from heart-blood, liver,
spleen and lymphatic glands, stained with carbol-thionin blue,
were searched for the presence of organisms resembling plague
bacilli. After this, the evidence, macroscopic and miecroscopie,
was reviewed, and the rat was either rejected or reserved for
cultural and inoculation tests. In the latter case, the liver,
spleen and any other portions indicated by the post-mortem
characters were packed and sent to London, accompanied by
cards deseribing the pathological features presented by the
animal from which they were taken. Cultivations were usually
taken from the organs before despatch. Rats which had been
so treated were then immersed in strong formalin, and removed
separately in tins for destruction. A record was kept of other
features of pathological interest.
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showed general congestion, but no enlargement. In some of the
rats the enlarged glands were associated with minute ecchymoses
upon the surface or on section, and definite hemorrhages were
observed in a few cases. These appearances were accompanied
In some instances by a peripheral zone of congested tissues
surrounding the gland, and paling off into a less-marked degree
of general subecutaneous congestion (2,876 and 3,430). In one
rat (2,876) cross section of an enlarged and congested inguinal
gland displayed a necrotic centre. In another (15,079) the left
pelvic gland was necrotic. Involution forms, resembling those
of B. pestis, were observed in some cases, upon microscopic
examination of smears from enlarged glands (2,876, 11,724,
12,013, and 13,663). Bipolar bacilli were demonstrated in 23
cases.

Subcutaneous Congestion.—Congestion, distributed universally
over the subcutaneous tissues, was seen in 24 cases. In two
instances (2,064 and 2,522) 1t was described as being confined to
the thoracie and axilisry regions. In four cases only was it
altogether absent. This feature was very generally present to
a marked degree in the infected rats obtained during the conclud-
ing period of the investization. In general, the congestion was
manifested as a uniform subeutaneous blush due to distension
of the capillaries, but in a few cases venous engorgement was
most prominent, dilation of individual venules being obvious.

Hamorrhages.—Small h@morrhages were found in 10 rats,
but in no case was this feature conspicuous. Four instances of
retroperitoneal hsemorrhage, the pelvic glands being invaded in
two cases, were observed. The lungs showed minute ecchymoses
on two oceasions. KEffusions of blood into the bronchial glands
and mesentery, and into the subcutaneous tissues of the axillary
and submaxillary regions were also described.

Pleural Effusion.—In three plague-infected rats there was no
effusion into the pleural cavity. In one putrid rat turbid fuid
was found; four cases showed blood-stained effusion. In all the
remaining cases a clear pleural effusion, usually considerable in
amount, was ohserved.

Liver.—The pathological changes exhibited by the liver varied
greatly in degree and in guality, variations in size, colour and
consisteney, surface and surface markings being observed. In
two rats, both somewhat decomposed, the liver was not deseribed
as abnormal. Three rats (2,064, 5,381, and 13,817) presented
livers which appeared at first sight to be normal, but serutiny
with a hand lens showed the presence of fine pitting distributed
universally over the surface of the organ, indiecative, possibly,
of fibrotic change. In a fourth animal (13,663) this pitting was
accompanied ]J_} signs of congestion. Enlargement, with conges-
tion, was recurded on nine oceasions. No register was kept of
variations in the degree of consistency of the orgam, as this
depended to a large extent upon its state of preservation. In
17 cases, the liver iz said to be mottled. The term
““ mottling,”’ as applied to liver changes, is not intended to
indicate any specific pathological conditions, but is used to
indicate a mottled or marbled appearance of the organ associated
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with abnormal definition of the liver lobules. This condition
was often shown by livers undergoing putrefactive change (e.g.,
10,848).

Granular livers, in which were present necrotic foei appear-
ing as scattered whitish points, were found in 18 cases. In
two instances the liver is described as granular but no obvious
areas of necrosis were observed, It was noticed in one rat (8,086),
which had been found dead, that although the liver showed
advanced putrefactive changes, whitish points of necrosis stood
out clearly from the discoloured surface. The manner in which
these various features—congestion, mottling, and necrotic
change—were combined in different cases, is shown in the table;
but it may here be stated that the complex to which has been
applied the name of  typical pest liver’ (z.e., an enlarged, pale,
mottled liver covered with numerous necrotic points) was found
only in three cases (2,876, 5,381, and 12,012).

In every animal except one (1,264) microscopical examination
showed the presence of bipolar bacilli in liver smears, well-
marked involution forms being observed in a number of cases.
In two livers (2,522 and 11,407) bipolar bacilli were seen in
relatively small numbers, together with a large variety of putre-
factive forms. In Rat No. 8,086 referred to above, very large
involution forms of the swollen and globular types were observed.

Spleen.—In eight cases the spleen was macroscopically normal,
Fourteen rats showed spleens which vpresented siens of conges-
tion, being dark in colour and firm in texture. Fifteen exhibited
various degrees of granular change. Enlarged spleens showing
no distinctive pathological change were not regarded as
abnormal. In two cases (2,876 and 13,817) coarse punctale
necrotic foci were observed. In ome rat (1,030) the spleen
showed a white infarction.

Microscopical examination showed the presence of bipolar
baeilli in 26 cases, enormous numbers being observed in seven
of these. Well-marked involution forms were found in several
instances (e.g., 8,086). Spleen smears from seven rats did not
show any organisms, although with one exception (1,264) these
were found in correspending preparations from the liver. It
appeared that there was little correlation between the degree of
gross morbid change observed and the number of bacilli seen
on microscopic examination. In some cases (3,430 and 14,855)
spleens which appeared normal to naked-eye inspection yielded
films found to be crowded with organisms. This condition was
met with in the case of the liver in two cases (5,382 and 13,817).

Heart Blood.—Tilms prepared from the heart blood showed no
organisms in six cases. The type of organism observed in the
remainder was similar to that shown by the smears from liver
and spleen. The number varicd from very few (in 1,264) to
enormous quantities (in 1,694). The small number which was
found in 1,264 afforded in that case the only mieroscopical
evidence of plague infection, as the smears from liver and spleen
showed no organisms,

Oedema, §c.—Pelvic oedema was seen in one case (1,769).
Another rat (10,848) showed the rare condition of general sub-

22216 o
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cutaneous oedema. In rat 13,817 the lungs were markedly
engorged, and were found upon microscopical examination te
contain large numbers of bipolar baeilli.

Negative Rats.

Particulars are shown in Table II. of 76 rats selected as
possibly plague infected, which, however, were shown by cultural
and inoculation experiments to be negative. Some of the salient
features of these rats are summarised below. In addition to the
negative rats included in Table II. 35 rats were sent up for
further investigation: 19 of these exhibited abundant pleural
effusion containing numerous bipolar bacilli, and are more fully
described below ; the remaining 16 were found to harbour bipolar
bacilli in theu accessory sexual glands. In most rats, even
those apparently healthy, smears from accessory sexual glands
showed large numbers of organisms, which often exhibited
bipolar staining and bore a close resemblance to the plague
baecillus. Cultural investigation and inoenlations carried out in
these cases proved the absence of any such infection. As soon
as 1t was ascertained that neither of these conditions was in any
way associated with infection suggestive of plague, such animals
were regarded as negative,

Lymphatic  Glands.-—Glandular enlargement was a very
common feature, and was particularly well marked in two cases.
Bipelar bacilli were found in gland smears from 21 rats,
and in some cases organisms resembling plague involution forms
were observed. Enlargement of lymphatic glands, particularly
those in the submaxillary region, was observed in a great
majority of the rats received for examination, but in most cases,
when microscopic examination was made, no organisms were
found. The pelvie glands also were as a rule conspicuous in the
rats examined during the course of this enquiry, although it had
previously been observed by one of us who had the nppmtunlty
of examining a series of rats in January, that these glands were
not usunally obvious at that season. In the majority of ecases
enlargement of the glands was not accompanied by congestion.

Subcutaneous congestion.—Intense and general subeutaneous
congestion was only observed twice. Localised congestion was
geen 1n a number of cases. In 22 rats no signs of congestion
were observed.

Hemorrhages.—Hemorrhages were described as occuring in
11 cases. The majority of these were strictly localised and were
probably traumatic in origin.

Pleural Effusion.—Clear pleural effusion was observed in 39
cases, the amount of fluid being scanty in the majority of these.
Eftusion described as blood-stained oceurred in 39 instances. In
several decomposed rats turbid fluid was found in the pleural
cavity. These numbers include 19 rats not included in Table TT.
In 12 of these the pleural effusion was blood-stained, and in
seven instances it was clear or turbid. Microscopical examina-
tion of films prepared from such pleural effusions showed the
presence of a great variety of organisms, some of which simulated
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very closely both typical and pleomorphic forms of plague
bacilli. Turther, the groupings of organisms on some films bore
a most striking resemblance to those characteristic of B. pestis.
These organisms were subsequently regarded as being putre-
factive.

Liver.—The livers showed punctate foci of necrosis in 16 cases,
in five of which the feature was well marked. In four such
rats infection with the Gaertner bacillus was subsequently
demonstrated. Microscopically no organisms were found in 206
eases; 50 showed the presence of bipolar bacilli.

Spleen.—Granular changes in the spleen were {frequently
observed. In three animals the spleen showed necrotic foei.
Bipolar bacilli were found in 42 rats.

Heart Blood.—Films prepared from the heart blood showed
coceo-bacilli or bipolar bacilli in 36 rats.

Minor changes in the viscera were observed in a great number
of rats which were rejected at once, as well as in those reserved
for microscopic examination. Mottling or marbling of the liver
due to commencing putrefaction was very common.  Minor
granular changes in the spleen, overgrowth of submaxiliary
glands, and effusions of blood into the pleural cavity were noticed
with great frequency. No statistical record of such changes was
kept, but, in about 600 such rats, microscopic examinations were
made. These gave negative results.

Orner Parnonocioarn CONDITIONS.
Gaertner Infection.

In 14 of the cases, where infection with plague was, upon pre-
liminary examination, considered possible, further investigation
demonstrated the presence of bacilli of the Gaertner group. The
allocation of these organisms was based upon cultural and
fermentation reactions.

Five other rats were noticed, which demonstrated so clearly
the post-mortem character associated with Gaertner infection,
that they were not included among the plague-suspects. Nineteen
rats altogether were, therefore, regarded as being infected with
this organism. It is probable, however, as the investigation was
not directed definitively to the detection of such ecases, that this
number does not represent the degree of prevalence of this disease
among the rats received.

The most prominent post-mortem features typically associated
with Gaertner infection were displayed by the liver and spleen.
The former was not as a rule granular, but thickly peppered with
white points. It should be noted that although a typical plague-
infected liver differs markedly from the appearances presented
by the organ in a typical Gaertner infection, in certain cases the
post-mortem appearances are of no great assistance in differential
diagnosis, and further investigation is needed to determine the
nature of the disease under consideration. The spleen, on the
other hand, was much more markedly granular than that found
in the majority of plague-infected rats.  Microscopically the
number of organisms seen was usually small, but these exhibited,
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not infrequently, bipolar staining. Some slight amount of sub-
cutancous congestion was shown by a number of Gaertner-
infected rats.

T'rypanosomiasis.

Trypanosomiasis was very common, particularly during the
first two months of the investigation. The most general
and promineni indication of this infection was blood-stained
pleural effusion consisting in many cases of pure blood.
Rats exhibiting such a blood-stained effusion, whilst appear-
ing fairly healthy in other respects, might with some degree
of certainty be regarded as infected with trypanosomiasis.
A continuous series of 2,000 rats received in August were investi-
gated particularly with regard to this point. Of these, 145
showed pleural effusion which was decomposed and putrid in
many cases, and clear in some others, while in 55 cases the fluid
was blood-stained: 45 of these showed the presence of trypano-
somes. These parasites were also found in five cases where the
pleural effusion was turbid. Incidentally, three rats in this series
of 2,000 were found to be plague-infected. In these three (2,622,
2,876, 3,346) the effusions were severally turbid, clear, and blood-
stained. Other appearances, associated with trypanosomiasis,
were congestion of the subeutaneous tissues and lymphatie
glands, enlargement of glands, and congestion of the liver. In
one case these features were particularly obvious, and the right
inguinal gland, particularly, was enlarged and surrounded by
a zone of deeply congested tissues. Microscopic examination
of this gland showed the presence of many trypanosomes, the
agglutination phenomenon being well demonstrated. Large
numbers of trypanosomes were found also in the heart blood.
This rat was interesting, as showing that the infection was intro-
duced probably within the area drained by the right inguinal
gland. It was also very important, in that the post-mortem
appearances presented a picture very closely resembling that
associated with plague. Agglutination of trypanocsomes was, on
another occasion, found in a film prepared from the turbid
pleural effusion.

Other Infections.

Suppurative conditions of the lungs occurred with great
frequency. This phenomenon is extremely common amongst
rats, and has been observed on every occasion when large numbers
have been examined. In one series, all stages of the condition
were seen, from the earliest, presenting a few small foci contain-
ing glairy material, to advanced stages in which the lung tissue
is almost entirely replaced by caseous matter, the healthy lung
which remains being thereby compressed and displaced and the
bony wall of the thorax deformed. Suppurations, general and
localised, in the abdominal cavity were not infrequent, and
abscesses in lymphatic glands were very common. Osteomyelitis .
of the hind-limb bones was twice found.

Twenty-five cases of rat-leprosy were observed.
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Discussiox.

Some facts, observed in the study of both negative and positive
cases, may illustrate certain difficulties of preliminary diagnosis,
which assume their greatest importance in the investigation of
outbreaks of rat-plague occurring in this country. i

Infected rats presenting atypical appearances were rel:_atwely
common, particularly during the early part of the enquiry, at
the commencement, that is, of the seasonal epizootic. On the
other hand, those found during the last two months of the investi-
gation showed features typical of plague. Broadly speaking,
preliminary diagnosis during the first period of two months was
usually tentative, while during the second period it was, in the
great majority of instances, certain. It must not be assumed,
however, that this statement implies that negative cases could
always be diagnosed as such without resort to animal experiment.
Even in regard to cases in which the diagnosis appeared certain,
a caveat must be entered. A study of the characters shown by
some rats (4,843, 4,886, and 10,150), in Table II., will illustrate
the danger of making positive diagnoses upon the evidence
afforded by post-mortem features, not confirmed by inoculation
experiments.  Reference, on the other hand, to three cases
(1,264, 2,064, and 11,407), in Table I., will illustrate the neces-
sity of care in the investigation of epizootics where rats present-
ing such slender evidence of infection may occur. Reports of
similar investigations carried out at Hamburg and elsewhere
indicate that such atypical plague rats may always be encountered
in the investigation of European epizootics.

The individual features of greatest service for diagnosis were
subcutaneous congestion, clear pleural effusion, and granular,
necrotic changes in the liver. All three were present, usually
to a marked degree, in most of the plague-infected rats, but only
in 9 rats found to be negative. Pleural effusion, either
clear or blood-stained, and congestion was observed in a consider-
able number of cases. No rat found positive failed to display
obviously one or more of these characters. In order of relative
value, subcutaneous congestion and pleural effusion would come
first, the liver changes being less important, but their collective
significance should be considered rather than the individual
prominence of each single factor,

Enlargement of lymphatic glands possesses, generally speak-
ing, little weight as primary evidence. At the season in which
the enquiry was carried out, pelvic glands were conspicuous in
most rats. Submaxillary glands were enlarged as a rule.
Congestion in regions where this feature was generally not
obvious was of some value as a secondary piece of evidence.

In general the facts observed agree with those which emerge
from the great bulk of work which has been published upon the
question of plague epizootics,

Reference has already been made to the misleading character
of gross morbid changes associated in one case with trypano-
somiasis. Enlarged and congested glands, subeutaneous conges-
tion, pleural effusion, engorgement of liver and spleen, all
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features suggestive of plague, were shown, though microscopic
examination demonstrated readily the real nature of the
infection,

In one case a dual infection of pest and trypanosomiasis was
present, and it is difficult to say how far each infection was
responsible for the post-mortem appearances observed.

The peppery liver associated with Gaertner infections is a
crisply defined pathological entity, but in many cases this organ
presented appearances which caused trouble in diagnosis. Con-
current mieroscopic and macroscopic evidence gave in most cases
clear indication of the true nature of the infection, but atypical
livers and spleens showing signs of congestion with minor
necrotic and granular changes were in a number of instances
reserved for inoculation purposes. The result of inoculations
with such material showed the importance of microscopic
examination, for negative results were obtained in every case
where no bipolar bacilli were found in the films,

Microscopical examination presents, however, a number of
fallacies. Bipolar staining is at times shown in intestinal and
putrefactive organisms, as well as by certain bacteria, probably
of intestinal origin, which are found in the accessory sexual
glands of otherwise healthy rats. Putrefactive organisms may
also present forms resembling very closely pleomorphic plague
bacilli, and assume groupings usually regarded as characteristic
of pest. These were best seen in decomposed pleural effusions.
Inoculation of such material from 16 cases—not recorded in
Table I1.—showed the fallacious nature of such appearances. As
previously mentioned, many rats not infected with plague revealed
organisms in the liver and spleen which could not be differen-
tiated from plague bacilli on microscopical examination alone.

In the infected rats generally, plague bacilli were less
numerous in blood films than in spleen smears, but in a few
cases the reverse held frue. In some rats received in Oetober
plague bacilli were present in enormous numbers in the blood.
In one or two of these, the experiment was tried of cutting off
an inch of tail and preparing a film from the cut surface of
the stump. Films crowded with plague bacilli were thus
obtained. This point has a practical application, indicating that
the practice, prevalent amongst those who catch rats, of cutting
off the tails 1s not without danger. The cut stump presents a
sharp vertebral point which might readily inflict an inoculation
scrateh.

Coxcrusions.

(1.) Many plague-infected rats in the earlier period (July and
August) of the epizootic presented atypical appearances.

(2.) The majority of those found in the later period were
typical and could usually be diagnosed upon post-mortem
examination with a considerable degree of certainty. A number
of the negative cases presented difficulty in diagnosis throughout
the whole enquiry.

(3.) Features suggestive of plague infection may be simulated
by rats infected with trypanosomiasis or with bacilli of the
(Gaertner group.






40

a - + e + - e = = = 5 = = s I s s + | goge
p:| < |- + - & -~ o | i i v [ e e [ 1 o + + e + | 1889
| o e | o | + + o e i || et iy e (e \Liji i G G | + | 6¥8F
a =t || ks - = = o + — — + L i ig + | 06¥8
a + + o e o — = = = = I & + = =" &t | vess
a o ¥ + 7 i m e B s o o 6 o ol L o ol B o o = G g ++ | 9.88
a = = e — — == o = i = I — T = + | zzse
a = e + == — = = -5 = — ++ + it == + | 9918
b § i o = —_ = — - - e + = =+ - + | 908
. | C o i o R - + = = + - <o - - +- i + | eoL1
a e o o [ +1= — = -— — i e ot =+ | i ol (I = FOT
a ) on g IR = - = g + & M = =+ + + | 1691
iq + — = — =5 — = e o + = =3 i = | #9381
b ++ = ++ ™ = - — -— = %+ == n = T + | oso1
"pooq |, : 1 ‘wol | moryey ‘moyy | “Sumy |, | : ‘wory | “yuem

. Muopy | 9O0ITS | HOANT ['SPUVID | -sofuop | -nweap [N soguog | qopy [ON| || 5on | seBuop [odrerun

uﬂﬂﬂ.ﬂ <5 _Hch.nm—m -10wWaR]] | snosun; oN
10 ‘waapdg JIBATT ~nogng BPUYE) Bl

PIITH seouvavaddy ordossosarjg _ =

saouvavaddy ordeosozowyy

‘Peep punoy = g P = H
«POTITIs-poofq , sagiudis ‘suomnga reanaqd o3 Sumvies uwWnjoo oY3 Ur YsLIAgEE Uy
'PAUTIINES JOU = *** euE = 4
fuem L1904 = 444 M = TF
fovm = 4+ m = —
—* S0y ‘foeq axqy-endvyd oy zagex suds eseqy ‘seouvivaddy eordoosoaory Jo Surpeey oy sepup
PRUIWYXS 00 = **° ugsp = <+
‘emordoo L1094 !osummy = 44+ qqamE =
‘snordoo ! paxrem-pa = 44 mIon = —

—: Engy "Ayemrouqe 19130 10 Jusmadieiue jo seeifop oqeorpuy sufis snupm puw sujd

‘BHSY]) HAILISOJ—'] ATAV],

o3 seouvaeaddy oydossoasugy Surpsey o epup





















