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PLAGUE IN THE LOWER ANIMALS.
By FRANK G. CLEMOW, M.D., D.P.H.

THE association of epidemic disease in human beings with di-
sease in the lower animals is as old as the history of epidemic
diseaselitself. Thespirit of modern inquiryis,however, farfrom
content with the scanty and superficial evidence which has too
often in the past been considered sufficient to establish the
identity of a disease in animals with that prevailing in man.
The great historical epidemics of influenza, cholera, and small-
pox have frequently Been associated in this indefinite way
with a murrain among horses, cattle and sheep, and, at times,
with a disease in wild animals. But this coexistence of di-
gease in man and brute appears to have been most often and
most definitely met with in the case of plague.

-Modern research, while throwing doubt upon some of the
earlier historical statements, has clearly established the fact
that the infection of plague not only can produce a disease
closely resembling plague in man when artificially introduced
into the tissues of certain animals, but that it not infre-
quently does so under natural conditions. What theseanimals
are it will be the object of this paper to show. Each group of
animals will be discussed in turn, and the phenomena pre-
sented by the disease in them in nature and in the laboratory
will be discussed separately.!

Not only the great group of Vertebrata, but also certain
families of the Jfnvertebrata have been shown to be either
liable to an attack of plague or to be capable of affordin,
growth to the plague bacillus when artificially introduce
into their tissues. Among the Vertebrata the mammalia
are more susceptible to plague than either birds, reptiles, or
fishes ; it is indeed open to doubt whether any of the last
three groups of vertebrates are capable of becoming the hosts
of the plague bacillus, at any rate under ordinary conditions.

Amongst the Mammalia the group of animals most often
affected by the disease, and apparently the most susceptible
to the plague poison, is that of the rodents. It will, however,
be more convenient to consider the various groups of animals
in the descending order of the zo>logical scale, beginning with
the Primates. :
MONKEYS.

‘a. Under Natural Conditions.—On at least three separate
occasions monkeys have been observed to sicken and die
from a disease resembling plague at the time of an
epidemic of that disease in man, and on each occasion
the specific nature of the disease in these animals was
}){roved bacteriologically. The first instance was at

ankhal, near H4irdwar, in the Saharanpur district of the
North-West Provinces. In October, 1897, a considerable
number of these animals died, and in several of the bodies
the plague bacillus was discovered by Mr. Hankin, the
Government bacteriologist.? It was impossible to kill the
surviving monkeys on account of the religious feelings of the
natives, but a large number were trapped and kept in con-
finement until the epizodtic was at an end. The outbreak
lasted some fifteen days. Mr. Haffkine® has stated in regard
to this outbreak that ‘ out of 21 monkeys found dead in the
streets, and 50 which died in captivity, only 6 showed buboes,
and contained microbes similar in appearance to the plague
‘bacilli.” ¢ In none,” he adds, ‘‘ was the microbe finally iden-
tified.” But as just stated Mr. Hankin successfully isolated
the plague bacillus in some instances, and there appears,
therefore, to be no doubt that the disease in these animals was
.{he plague.

. The second instance occurred in Jawalapur, apparently
about the same time. In at least one monkey the plague
bacillus was abundant in the nasal secretion, and was isolated
from the internal organs after death.

The third instance occurred in (Gadag, near Dharwar, in
the Bombay Presidency, in December, 1898. In the course of
a few weeks as many as 7 of these animals were seen to fall
dead from the trees. In 2 the discovery of a bubo and the
isolation from the tissues of the plague bacillus left no room

for doubt as to the cause of death. These monkeys wer
thou%}lt te be the bonnet monkey (Macacus sintcus)t. :

b. Under Artificial Conditions.—Both the common brown
and the common grey monkey are very susceptible to the
action of the plague bacillus when pure cultures are artifi-
cially introduced into their tissues. The grey monkey
(Semnopithecus entellus) was found by the German Plague
Commission to be very much more susceptible to the dis-
ease than the brown (Macacus radiatus).® Both these species
were largely employed by the German and Russian Plague
Commissions for experimental purposes. .The latter found
them so sensitive to the bacillus that an invisible prick in
the palm of the hand with a needle moistened with a culture
of plague bacilli invariably produced death.®

1t will be seen from the above that the monkeys most com-
monly met with in India can and do suffer from plague.
There is, however, little proof that they act to any consider-
able extent in spreading the disease. In view of their un-
usual susceptibility to the disease under artificial conditions”
it is, indeed, surprising that they apparently suffer so rarely
under natural conditions. It is clear, however, that .they
can aid, and perhaps have aided, in spreading the dizease,
and the fact is one that cannot be forgotten in plague ad-
ministration.

InsEcT EATING MAMMALS AND BATS.
There is, 8o far as [ am aware, no evidence that any of these
animals have ever become the hosts of the plague bacillus,
either under natural or under artificial conditions.

RODENTS.
The Rodentia are, as already stated, the most susceptible to
plague of all animals. The principal rodent animals in which
plague has been observed to occur, either naturally or ex-

-perimentally, are: Rats, bandicoots, mice, squirrels, guinea-

pigs. porcupines, and marmots. Each of these may be
briefly considered separately.

Plague in Rats. :

a. Under Natural Conditions.—It has been proved beyond
question that rats frequently suffer and die from plague, and
it can scarcely be doubted that they play a considerable part
in the spread of the disease from one part of a town or village
to another. Until recently it appeared possible that the rat
was among the most important factors in the spread of plague,
and the fact that the geographical distribution of plague had
corresponded hitherto, to some extent, with that of a par-
ticular species of rat, the Nesokiz, lent some colour to this
belief. The recent spread of plague, however, to the southern
hemisphere, and particularly to Madagascar and to South
America, where the Nesokia is unknown, has rendered the
view that the distribution of plague on a large scale is de-
pendent upon the movements of these animals no longer
tenable.®

When rats are attacked with plagne they usually leave their
underground habitations and migrate, often for a considerable
distance. This migration may perhaps in some instances
precede the occurrence of disease in them, but of this there
is no certain evidence. Migrations of rats are not un-
common apart from disease, and under these circum-
stances they may sometimes be seen advancing in im-
mense numbers over fields or along country lanes, even

‘in this country. Anocecurrence of this sort in connection with

the appearance of plague among rats has not, so far as I am
aware, been recorded. The migrations which undoubtedly
occur appear to be on a smaller scale, less organised, and
more prolonged and gradual. In most instances the actual
migration is not observed, and its occurrence is only inferred
from the disappearance of rats from one neighbourhcod and
their appearance in unusual numbers. in some other neigh-
bourhootf.e This was what occurred in Bombay in 1896.° A
similar observation was made in Karachi,' and in Hyderabad
(8ind)."* In Calcutta, where plague appeared in the city in
April, 1898, the rats almost disappeared from the native
quarters, where before they had swprmed. Among those
which remained a considerable mortality occarred, which was
proved in certain instances to have been due to plague. .
This appears tc be what usually happens when plaﬁi

.breaks out ag an epidemic and epizostic; the larger num
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of rats migrate, the remainder are attacked by the disease. It
certainly occurred in Karachi’? as well as in Calcutta and
Bombay. It was also observed in Canton in 1894.®

The extent of the mortality in rats is not easy to
determine. An increase in rat mortality may be partly
apparent, due to the observer’s attention being specially called
to these animals in times of plague, and partly artificial, as
the result of a campaign against rats when plague is
prevalent. In some instances very large numbers of
rats are said to have been infected, apparently more
or less simultaneously. At Mengtsz, in the Chinese
Brovince of Yunnan, such rats are said to have left their

oles ‘‘in troops.”* The same was observed at Pakhoi.'’
On the shores of the Yangtse, opposite Nanking, in
1881, rats died ‘‘in hundreds,” and baskets and boxes were
filled with them.’®* In Mandvi, the quarter of Bombay first
attacked, ‘‘ thousands ” of rats were said to have died about a
month before the plague appeared in human beings.!” In a
single infected house in Mokundpur, in the Punjab, a8 many
as 200 dead rats were discovered.!* In Canton the dead
bodies of 22,000 rats were brought in as the result of an offer of
a small reward for every rat killed.”® More often the rats die
in small numbers ; the epizostic extends more slowly and is
prolonged over a considerable time. This was certainly the
c;se in Calcutta in the summer of 1898 and early part of
1899.

The symptoms of plague in rats under natural conditions
appear to vary considerably. Buboes, it is known from post-
mortem examinations, may occur in rats., Whether rats may
be affected by the pneumonic form of the disease in nature
would appear to be uncertain.?® That it can be produced in
them artificially has been conclusively proved.?* The dis-
ease appears usually to become septiceemic before the death
of the rat, and the bacillus can be found in many parts of
the body. Severe affection of the nervous system is also evi-
dently present, just as in man, as indicated by spasmodic
and paralytic symptoms, and by a dazed appearance and
staggering gait. Sometimes there is & limping jerk or spasm
of the hind legs,*® and sometimes the hind legs are dragged
along the ground as though paralysed.?? In some instances
rats have beenseen to rush about madly without fear of man.
and after capering round the room to fall dead at the feet of
the observer.?* At other times they have been seen to move
about listlessly in back gullies, sinks, and bathing places,?* or
to jump up suddenly and, turning round, to fall dead, or to
‘‘spring continually upwards from their hind legs as if they
were trying to jump off something.”2¢

The appearances after death vary. In arat which I dis-
sected in Calcutta, and from whose tissues I obtained plague
bacilli in pure culture, the following were the principal post-
mortem appearances : :

The rat was recently dead, rigor mortis was present and fairly marked.
The animal lay prone on its belly, with all four Jimbs extended. (Rats
dead from ordinary causesare more usually found lying on one side, with
the limbs flexed.) The body was not swollen. and there was no external
sign of the cause of death. On opening the body the lungs were found
deeply engorged; on section they exuded frothy blood; they were
crepitant rou(gloutz1 and there was no pneumonic consolidation in any
ga.rt of them. The spleen was much enlarged and deeply engorged with

lood. The liver was intensely congested ; it was not enlarged ; its outer
margin presented a mottled appearance ; on section it was found to be
full of blood, and the liver substance was somewhat friable.3” No hsmor-
rhages were seen a.ngwhere. Agar tubes were inoculated with blood from
the lung, spleen, and liver. The lung tubes showed contaminations, but
from the spleen and liver pure cultures of the plague bacillus were
obtained. No buboes, it should be added, were present in this rat. They
have, however, been frequently observed in other rats.s

SOURCES OF INFECTION OF RATS.

The most important and obvious sources from which these
animals might be expected to contract the disease are the
following :

a. The soil.

b. Grain or other food stuffs.

c. The tissues of other animals (including human beings) dead from

plague.
d. Infected rags, articles of clothing, or dressings from plague patients.

e. Infected insects.
a. From the Soil.
. That rats may become infected from the soil is probable. It
is'among the oldest beliefs in regard to the causation of plague
that the disease arises from some miasmatic exhalation from
the earth. Modern observation lends little support to this
view; but it has shown that the soil or its surface can, under

certain conditions, receive and retain for a time the virus of
plague in an actively infective state. That the plague bacillus
ever passes deeply into the earth must be doubted, as it
appears to be an organism requiring abundance of oxygen for
its growth. Yersin claimed to have found the bacillus in the
soil at a depth of 5 cm.; but though this bacillus presented
all the morphological, cultural, and staining characteristics of
the plague bacillus, it .was not toxic to animals.?®* Lowson
and T i failed to find the plague bacillus in earth.®
Kitasato only once succeeded in infecting an animal with
plague b{ainjecting into its tissues the dust of an infected
room,*! dafailed in his experiments with dust obtained from
a like source, but succeeded in a certain number of instances
with so0il obtained from the surface of earthen floors, and
from *‘ below the floors ” of rooms in which plague patients had
lain. With soil obtained from 26 different sites, 57 mice in all
were inoculated ; of these 14 died of plague, as shown by the
discovery of the Ylague bacillus in their tissues ; 8 died of
tetanus; 3 of malignant cedema; 6 from some other cause,
the plague bacilli not being found in their tissues; and 24
remained alive and healthy. This author concludes that if
the soil is rich in organic matter, coniains a certain amount
of moisture, and is only slightl{ exposed to air (sic) and light,
it may retain the plague bacillus for a considerable period.
In some of his successful experiments the soil was kept for as-
long as eleven days before being inoculated.>? .

It may be regarded as proven, then, that the soil may,
under certain circumstances, contain the virus of plague.
Rats, living in burrows in the soil, and when on the surface
constantly grubbing with their noses in the dust and surface
layers of the so0il, might in this way become infected. The
ease with which the earthen floors of native houses in India
and China may become infected from the discharges, etc., of
plague patients scarcely requires to be pointed out.*®

b. From Grain.

The possibility of rats contracting plague from infected
grain cannot be overlooked. When a rat epizoétic is once
started, diseased animals must almost certainly infeet any
grain stores to which they gain access, either by means of
their dejecta,® their sputa, or by the dcad bodies of such as
die among the grain. Whether a rat epizostic can be started
by infected grain brought from a distance is less certain,
Hankin’s 3 experiments tended to show that the plague bacil-
lus, when artificially mixed with grain of various kinds, or
with flour, dies out in from four to six days, but that it may
survive for periods extending up to thirteen days. He failed
to find the bacillus in gepecimens of grain from many sources,
including grain which had been exposed to infection by rats
sick and dead from plague. Negative evidence of this
character is, of course, only presumptive and not conclusive
proof that grain does not, under natural conditions, some-
times harbour the plague virus. The behaviour of the pla%ue
bacillus obtained from cultures onartificial media is probably
quite different from its behaviour in nature, and the plague
bacillus is probably very difficult to detect in grain as it is
certainly difficult to detect in soil. On the other hand, the
frequent occurrence of rat epizostics in the neigllalbourhood of
grain stores or other food stores (as observed in Bombay, Cal-
cutta, Alexandria, Mauritius, and innumerable other places),
is no proof that the disease is started or spread by infected
grain or other food, as a rat epizostic must of necessity be
observed where rats most abound, that is to say, in the neigh-
bourhood of grain or other food stores. For the present,
therefore, it must be regarded as very probable, though as not
absolutely proved, that rats can be and are infected with
plague from grain or other food. .

c. From the Flesh of Other Animals.

That a plague epizostic in rats may start, and also be per-
petuated by their eating the dead bodies of infected animals—
including human beings and also other rats—is certain. An
instance of rats becoming infected through eating the tissues
of a human plague cadaver came under my own observation in
Calcutta. A native died early in the morning of June 15th,
1898. I saw the body at 7 a.M., four hours after death. The
post-mortem signs and the history of the illness left no doubt
that the man had died from plague, and this was further
proved by the isolation of plague bacilli from the bubo (in the
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Yeft groin) and from the liver. In examining the body I ob-
gerved that one big toe had been partly eaten away, evidently
by rats. In the godown where the body had lain, three dead
rats were discovered shortly after, and dead and dying rats
were seen on the adjoining premises during the next week or
two. On June 3oth—fifteen days after the occurrence of the
first case—a European sickened with tplague in the adjoining
house. In this case—which will be referred to again later in
connection with the question of dogs and glague——the patient
stated that, two or three weeks before his illness, his do;
brought a dead rat and put it on his bed; the patient ha
touched the rat in removing it from his bed. Seven days
after this patient sickened, a Eurasian female, living in a
house four doors from where he lived, and three doors from
the house of the original patient, was attacked with plague.
It was ascertained that dead rats had been found in her garden,
and that she was in the habit of gardening and of spending
much time among the flower beds where the dead rats were
found. Dead rats were also seen in the premises of the next
house to hers. Thus, in five out of six houses, in one street
and all adjoining, a mortality among rats was observed imme-
diately subsequent to the incident above described—the con-
sumption by rats of the tissues of a human plague cadaver.
Human cases of plague occurred in three of these houses (in-
cluding the original case). There is scarcely room for doubt
that the disease was spread by the rats.*

An incident of precisely the same character is reported to
have occurred at Khankhanan in the Punjab. The patient in
this case was an elderly native woman; she died, and the
body was locked up in a room to await medical inspection.
‘Next morning it was found that the nose and part of one
cheek had been eaten away, almost certainly by rats. During
the next few days, in every house in the block of buildings in
which the corpse had lain, cases of plague developed, and
many dead rats were found in these houses when they came
to be disinfected.*” )

Possibly other instances of this nature have been observed
elsewhere. The risk which glague cadaver offers as a means
of infecting rats is recognised in most plague hospitals, where
a cover of wire or other material is or should be provided to
protect bodies from the attacks of these animals.

That rats may also contract plague from feasting on the
.bodies of other rats dead of the disease is exceedingly pro-
bable, though I am aware of no positive proof of their ever
having done so. In earlier times it was believed that birds
and beasts of prey would not touch the body of an animal that
had died of, or in times of, pestilence, as though some instinct
warned them of the danger to themselves; but in regard to
rats there is certainly no evidence of any such squeamishness
or cautiousness, and it is very unlikely that such notorious
cannibals as these animals are would refuse to eat the body
of another rat that had died of plague.

i d. From Rags.

The possibility of rats becoming infected by sniffing at or
eating rags, clothing, or poultices or dressings from a plague
R:tlent is obvious, though whether such an occurrence has

en absolutely observed I am not in a position to say.

. e. By Insects.

Finally there is very good reason to believe that plague may
be and is spread to rats from other rats, and perhaps from
human beings, by insects, of which probably the flea is the
most important.

MOoDE OF INFECTION IN RaTs.

The manner in which the virus of plague enters the tissues
of arat is uncertain. It probably enters either through the
respiratory organs, through a discontinuity of skin, or thrcugh
the alimentary canal. The absence of conclusive evidence
that a primarily pneumonic form of plague develops in rats
under natural conditions may be held to indicate that the
first mode of invasion—through the respiratory organs—is at
least rare. The presence of a bubo or of many enlarged
lymphatic glands in some rats would point toan invasion
ghz:ou%)h the skin, with consequent production of the disease
in its bubonic or septiceemic form. The discovery of marked
changes in the alimentary canal, and in at least one instance
of sand and earth in the stomach,” would point to an inva-
sion of the virus through the alimentary passages.

Transmission of Infection from Rats to Man.

If the manner in which rats contract plague is to a great
extent uncertain, it is no less uncertain how the disease is
usually transmitted to man from these animals. That it is
sometimes so transmitted is certain. In rare instances it has
seemed possible to state definitely that an infected rat has
given the disease directly and immediately to a human being,
either under circumstances which leave no doubt as to the
manner in which the infection is transmitted (as by a bite) or
in some manner less obvious (as by merely touching the
animal). But in the large majority of instanees the mode in
which the infection passes from rat to.man is quite uncertain,
and there is often much room to doubt whether any such
transmission has in fact taken place, or whether men and rats
have not both caught the infection from some common source
to which they have been exposed.

Direct transmission of plague from rat to man by means of
a bite from an infected animal must be extremely rare. I am
aware of only two instances in which such an occurrence has
been observed. In one the patient had been bitten by a rat
on both great toes ; the skin was penetrated, and blood oozed
from the wounds ; an attack of plague followed, from which
he ultimately recovered.* The second instance occurred in
Mandvi (Bombay) about ‘the same: time. In this case gan-
grene developed round the wound, and the patient died.‘®
Details are, however, lacking to prove that the rats who bit
these persons were infected, and that the disease was the
result of the bite, and not due to other causes. This mode of
infection from rats, from the extreme rarity of the conditions
under which it can occur, may be passed over with little com-
ment. The part such a mode of infection plays in spreading
plague must be infinitesimal.

0Of much more common occurrence is the development of
plague in persons who have actually handled a living or dead
rat infected by the disease. Many examples of this kind
have been recorded from the time of the epidemic in
Jehangir’s reign to the present day. Unfortunately in most
of these instances details are wanting to show how the in-
fection may be supposed to have passed from the animal to
the human being, and this is equally true of the two cases of
rat-bite just mentioned. It would be all-important to know
whether in these cases the bubo develoged in the upper ex-
tremity of those persons who have touched the rats, and on
the same side as the hand which touched the animal (when
only one hand had done s0) ; or in the glands corresponding
to the limb bitten by the rats in the other cases. It is con-
ceivable that when a person handles an infected animal,
alive or dead, some of the infecting material may be conveyed
directly from the body of the rat to the person’s hand, and
may be subsequently rubbed in to some minute scratch or
hang-nail or other skin-discontinuity; or it may be trans-
ferred to food (Indian natives invariably convey their food to
their mouths in their fingers), and so gain access to the mouth
and upper alimentary or respiratory passages. But that this
does occur is at present only a matter of speculation and
inference. )

In the vast majority of instances where plague in rats is
associated with or followed by plague in human beings there
is no evidence that the affected persons have touched these
animals, and it is necessary to suppose either that the trans-
mission of the disease from rat to man has been effected in
some mediate manner—as, for example, through the soil, food,
fomites, or insects—or that the rats and the persons affected
have become so from some infected source common to both.
Probably both occur. Of the four mediate means of trans-
mission just named, it is very possible that insects will prove
to be the most important. A very plausible case has, indeed,
been made out for the spread of plague from rats to man by
means of insects. This question is briefly referred to later.

RAT SIicKNESS AND HUMAN PLAGUE. .

A very large number of instances of the association of sick-
ness and death among rats with a plague epidemic in human
beings have now been recorded ; and though it has not been
proved, in a large proportion of these instances, that the sick-
ness and death among rats were due to plague, this has been
conclusively established in a very considerable number.
It is, therefore, exceedingly probable that, even in those
instances where it has not been proved, the affection of rats
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was nevertheless of a specific character. The following,
among other examples, came under my own observation in

Calcutta. . i
__1. A punkah coolie employed in a European house was attacked with
gla. ue on May rith, 1898. ‘The house was a fairly good-class masonry
uilding, but the servants’ guarbers where the patient was in the habit of
sleeping were very close and insanitary. The smell of dead rats had been
noticed since A&)rll 3oth, and in the interval the bodies of four dead rats
had been found about the premises. As the smell contiaued, I had some
boards taken up in the floor of the drawing-room, and here the decom-
osed bodies of four other rats were discovered. This room was a ground-
oor roony, and the servants’ quarters were just opposite its windows, and
separated from it by about 10 feet. The house was temporarily evacuated
- and disinfected and there was no recurrence of rat mortality. The in-
mates all stated that the death of these rats was a most exceptional occur-
rence and that they had never known the like to happen before.

2. A similar instance occurred about the same time and in the same
neighbourhood as the one just described. A native employed in a small

_ modi shop, the principal wares of which were grain, flour, oil, spices, and
similar articles of food, suddenly died. An examination of the body leit
no room to‘doubt that he had died of plague. Oan inquiry I learnt that
twelve dead rats had been found on the premises during the preceding
“ week or two ” (closer accuracy was impossible). The shop and its
contents were thoroughly disinfected, and some of the latter burnt—
measures which raised a storm of abuse in the native press, but which
were successful in preventing any further spread of the disease in that
neighbourhood.

© 3. Alittle later, on May31st, 1898, a death occurred in a sho&: of exactly
the same character as the last, but even smaller, closer, and darker than
that one had been. This shop formed part of a native bazaar, made ug as
most such bazaars are, of a series of narrow gassages with stalls on either
side. Meat, fish, fruit, vegetables, stuffs, and dry goods of various kinds
were exposed, for sale, mostly upon low, wooden plat{orms, raised about one
foot from the surface of the earth. The passages were either unpated or
imperfectly paved, and the earth could be seen riddled with rat-holes in

" all directions. Upon inquiry from the caretaker of the bazaar I learned
that rats had been dying in considerable numbers for some time before
the death of the native in question occurred ; the bazaar was closed and
locked up at night, and on opening it each morning the dead rats were
found on the stalls or in the passages. As many as 25 rats had been found
on one day. A similar mortality in rats had never been known to occur
there before. The bazaar was disinfected, and I made arrangements to
have the whole floor of the bazaar watered daily with a disinfecting solu-
tion. The rat mortality ceased, and there was no recurrence of it for at

* least six months afterwards. On July 4th, however, a case of plague
occurred in a native hut some fifty yards from the bazaar, and at the
opposite end from where the first death had occurred. No dead or dying
rats had been seen in this or the adjoining huts, and the source of infec-
tion in this case could not be ascertained. Possibly the rats had been
driven out of the bazaar by the measures of disinfection adopted, and
had carried the infection to this hut.

3. On March 12th and 13th, 1899, two boys, brothers, were attacked with
plague. They were the sons of the Madrassee butler in a very large
European house in one of the best parts of Calcutta. They lived in a
small but very clean masonry house in the compound. They were
attacked about a fortnight aiter returning from Madras to Calcutta.
Both were removed to hospital, where both subsequently died. The

- house from which they were removed, and some of the neighbouring out-
houses and surface drains, were thoroughly disinfected. On March 24th,
ten days subsequent to the removal of the boys to hospital, I learnt that
two dead rats had been found on the previous day on the premises of
another large European house on the opposite side of the road from the
first. I then made personal inquiries at several of the neighbouring
houses, and learnt that at one (one of the leading clubs) two dead rats

. had been found on the 23rd and a dead cat on the 24th; a dead cat had
also been found there ‘‘about a fortnight” previously. At another
house, though no dead rats had been observed before, one was reported
to me on the 26th, and the body was kept for my inspection. In this rat
I found the post-mortem appearances alreadv described, and isolated the
plague bacillus from liver and spleen. In the meantime there had been
no observed rat mortality on the premises where the two boys had died,
nor was there subsequently. Those premises had, it will be remembered,

. been thoroughly disinfected,.and equally thorough disinfection was prac-
tised on the other premises where the rats had died. No further rat
mortality and no subsequent cases of ?lague in human beings were
observed in the neighbourhood. To explain this sequence of events it
seems almost necessary to suppose that the thorough “disinfection in the
first instance drove the rats away from the premises first infected to the
adjoining premises, where asmall, localised epizostic was slowly develop-
ltllll% rv;hen it was cut short by the measures of disinfection put in practice

A very large number of examples analogous to those just
adduced might be quoted, both from my own notes and from

.the recent literature of plague. For the present it must, I
think, be admitted that rats can and do suffer from plague
under natural conditions ; that they can and do act asa means
of diffusing infection and transmitting it to man; but that

the extent to which they are responsible for the diffusion of
the disease and the distance over which they diffase it is un-
certain. It is probable that they are an 1mf;ortant, but not
the sole, means ot spreading the disease.t’ In a group of 32
cases of plague which I investigated on this point in Calcutta
in 1898, I found positive evidence of the death of rats in 7
only. :[I'. i, however, quite possible that in many others rat
mortality had occurred; in many of the cases it was most
difficult to get any accurate or trustworthy information at all,

and most of the patients were drawn from a class of natives

who would (frobably pay little attention to the discovery of a
sick or dead rat. o

In like manner it is uncertain how far rats may carry the
infection of plague. In Bombay they were believed to have
carried the disease from Mandvi, on the routh-east of the
island, to Malabar Hill on the west, some three miles away ;
to Sion, Worli, Mahim, etc., on the north, some six miles
away ; to Bandra, some eight miles away ; and to many places
on the island of Salsette, a dozen or more miles away.
| Whether, however, a single rat, or troops of rats, could carry
the infection so far is uncertain. In all these instances the
spread was not particularly rapid, and there was time for the
occurrence of successive short emigrations of rats, with suc-
cessive production of local epizodtics farther and farther re-
moved from the original oatbreak. I am aware of no instance
in which migrating rats have been proved to carry plague
infection over longer distances thanthis; orin which infected
rats have been carried by train (in grain or goods waggons, for
example); or, finally, in which rats have been proved to carry
plague infection from one pcrt to another on board ship. _

In regard to the possible carriage of living infected rats by
train, with consequent introduction of infection into a place
from a distance, the matter is not a wholly simple one, and
it has, perhaps, not yet received the attention which it de-
serves. I have not succeeded in finding any published ob-
servations bearing upon this point; those which I was myself
able to make related to but one town and one set of circum
stances, and they led to a negative result. » :

My inquiries related to the outbreak of plague in Calcutta
in 1898 ; they were made of the station master, goods super-
intendents, passenger and goods guards, and clerks attached
to the godowns of the Howrah Station, the terminus of the
lines o% railway which bring all the goods and passenger
traffic from the west of India to Calcutta. I learnt that grain
(with which rats are so constantly associated) is packed in
sacks and not in bulk; and that goods and grain waggons
travel very slowly, taking fourteen or fifteen days to accom-
plish a journey done hy passenger trains in two days. None
of my informants could recall a specific instance in which he
had seen a live or dead rat in a wa%gon, but more than one
thought be might have seen one and forgotten, as he would not
pay much attention to such an occurrence. One guard had
seen a very ]arge dead rat on the footboard of a waggon ;
he thought it had been carried some considerable distance in
that position, but how far he could not say. It would be pos-
sible for a rat to gain access to a waggon while it was being
loaded, as a flap connects it with the platform, and a waggon
might be left for a time with the doors open and the coolies
away. Once inside and the door sealed, it is a question how
long a rat could survive; there would be abundancq of foqd
and probably of air, but there would be no water, and in India
the heat would be intense. On one occasion, shortly before
my inquiries were made, a dog had been accidentally shut up
in a waggon, and travelled for twelve hours before the sound
of its whining led to its release. Supposing a plague-infected
rat to gain access to a waggon, it would probably not survive
any great length of time; it would die and its body would be
found at the end of the journey. How long the plague bacillus
can survive in the body of a dead rat is uncertain; I have
never succeeded in finding it in bodies where decomposition
had already set in. . X

It would seem probable, then, that the infection of plague
might be carried by train in the body of an infected rat over
a distance which a goods train can traverse in one day or,
probably at the most, two days. It is unlikely that a plague-
infected rat would survive longer than this and be in a con-
dition to escape at the end of the journey and diffuse the
infection amongst its fellow-rats in the new locality. It is
very unlikely that a plague-infected rat would be carried in a
passenger train, There remains the possibility of the plague
virus being carried by train in grain or other goods contami-
nated by the dejecta of plague-infected rats.

Whether the plague infection has ever been carried over
short distances by train in the bodies of living infected rats,
or over longer distances in rat dejecta, I am aware of no
evidence to show. Plague has often been carried by train in
the bodies of infected persons, but I know of no proved in-
stance in which it has been carried by train in the bodies of

rats or in rat dejecta. :
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RATS ON SHIPBOARD.

In regard to the carriage of plague-infected rats on board
ship from one port to another, such a mode of transport of in-
feetion is %nemlly believed to be possible. The fact that in
Calcutta, Bombay, Alexandria, Oporto, Mauritius, and many
other places, the earliest cases of plague occurred in the
neighbourhood of the docks, or in persons employed among
shipping, lent great probability to the view that the infection
was in these instances imported by sea; and as in no instance
was it possible to prove its introduction in the body of an in-
fected person,or in infected fomites, and as in some of these
instances a rat mortality near the docks accompanied or pre-
ceded the outbreak in human beings, it has seemed exceed-
ingly probable that infected rats, or articles contaminated by
them, have been the means of introducing the infection.
There is great difficulty, however, in finding proof of such an
occurrence. On no recent occasion, it would seem, has it been
possible to trace an outbreak of plague to a definite introduc-
tion of the infection by sick or dead rats upon a certain
known ship. On the other hand, sickness and death of rats
might so easily occur on board a ship without being dis-
covered, or, if discovered, without their significance being
realised, that this negative evidence is no proof that the in-
fection has not been brought by sea in infected rats or articles
contaminated by them. A plague epidemic always takes some
time to develop, and by the time it is recognised the ship
which brought the infection may have left the port ; or such
an ordinary circumstance as the finding a few dead rats on
board many weeks before may have been quite forgotten.

Iam aware of only three recorded instances, though pro-
bably others have escaped my notice, in which the develop-
ment of human plague cases on board a ship has been asso-
ciated, or believed to be associated, with a mortality among

rats. They are the followin%:

a. The ss. Shannon left Bombay for Aden some time in March, 1898 ; the
day before she sailed ¢ several dead rats” were found in the purser’s
storeroom on board, and the day after she sailed a postal official on board
developed symptoms of plaggg.ﬂ .

b. A French barque, the hesse Anne, arrived at San Francisco from
Hong Kong on October 28th, 1898, having been seventy-four days on the
voyage. According to the telegrams to the daily press at the time, the
captain had died on board of pls.gue ‘“in August,” 8 member of the crew
kad died of the same disease ¢ in September,” and *‘ all the rats” on board
had died of what was believed to be plague. Fuller details of the inci-
dents, however, throw great doubt on all these statements. The captain
it is true, died on the fifth day of the voyage, but of what disease could
not be ascertained. A sailor died on the thirty-fifth day out of what ap-
peared to have been phthisis. One or two rats were trapped (when is not
stated), but mo dead ones were found. There was no reason to suppose
that the captain had died from plague.43

¢. In May, 1898, several cases of plague occurred among the crew of the
ss, Mahallah, a'ship bélonging to the Khedivieh Company, and employed
on postal service in the Red Sea. The infection seemed to cling to this
ship in a remarkable manner, successive cases of plague developing dur-
ing & whole month, in spite of repeated disinfections. During the earlier
disinfecting processes dead bodies of rats were, it is stated, found in the
koat, and other rats were seen, still living, which ultimately died of what
was believed to be Fla.gue. Sick animals were seen even after the second
process of disinfection. ) )

The details hitherto published in regard to all these cases
are too scanty to allow of any deductions being drawn as to
the parts played by the rats in their production. In the other
published instances of plague occurring on board ship at a
distance from an infected port—such as those in the Thames
in 1896, on the Golconda, Carthage, Bhundara, Caledonia,
Dilwara, Patna, Peninsular, Berenice, J. W. Taylor, Kilburn, or
Montevideo—the accounts which have appeared in the daily or
weekly press have either made no mention of sickness or
death among the rats on board, or have definitely stated that

nothing of the kind had been observed.

INFECTION OF RATS UNDER ARTIFICIAL CONDITIONS.

The high degree of susceptibility of these animals to plague
has been shown experimentally by a large number of observers.
The disease has been communicated to them by inoculation
with pure cultures of the bacillus, by implantation of frag-
ments of organs from plague cadavers under the skin of rats,
by feeding with infected material, by intraperitoneal injection
of plague material, and by placing fragments of organs or a
portion of a pure culture of the bacillus in the nostrils or in
the conjunctiva.** :

Plague tn Bandicoots.

This animal (Nesokia bandicota), which is common enough
in India, though much less common than the ordinary house
rat, has been known to become the subject of plague. Re-

corded observations of the kind are, however, scanty, and 1
am aware of only one positive instance in which these animals
contracted the disease. Mr. Hankin’ has stated that in
Upper Colaba, a district of Bombay, in the twentieth week
after plague first apgeared in that city, an outbreak of the
disease occurred in bandicoots in a particular house. The
symptoms of the disease in these animals and the numbers
attacked are not given. A servant who each day disinfected
the house and removed the dead animals contracted plague,
and Mr. Hankin himself developed an attack of the disease
gix days after investigating the occurrence. I have never
observed plague in bandicoots in Calcutta, nor was any sick-
ness or mortality recorded as occurring in these animals fn
that city during 1898 or the early part of 1899. It would ap-
gear that though bandicoots may occasionally become infected

y plague, they cannot be regarded as of the same importance
as the ordinary house rat in the spread of this disease.

Plague in Mice.

Though mice of all kinds are very susceptible in the labo-
ratory to plague, there is little evidence that they suffer from
it to any great extent under natural conditions. The fact is a
remarkable one, for these animals would appear to be quite as
much exposed to the ordinary sources of infection as rats,
and in the laboratory they are quite as sensitive to the plague
bacillus as rats are; get. in the wild state they have not
hitherto been observed to contract the disease to anything
like the same extent as the larger animal. In Bombay there
has been no evidence of any epizootic among mice during the
successive epidemics of plague which have visited that city.

-In 1896-97 it was definitely observed that the mice were well
and lively, while the rats were dying in large numbers.®* In
one or two instances the discovery of a dead mouse was asso-
ciated with the occurrence of glasue in a human being.t” At
Bandra, near Bombay, some dead mice were found, while
plague was epidemic, but no proof has been published that
they died from plague.t®* In Calcutta, in 1898 and the early
part of 1899, I never heard of a single instance of mice dying
under suspicious circumstances, although rats were undoubt-
edly dying of plague. At Kankhal and Jawalapur, where a
smart outbreak of plague occurred in 1897, only two dead mice

‘zvenée ds?;m, and in neither could the plague bacillus be de-

ected.

On the other hand, in some recent instances of (flague else-
where, a mortality among mice has been observed to coexist
with plague mortality in rats and human beings. Thus at
Tai-Ho-Kou, in Formosa, in September, 1897, both rats and
mice are said to have died at the same time as the indigenous
cases of plague occurred in human beings.” In like manner,
during the small outbreak of plague at Jeddah in March,
1898, large numbers of sick mice are said to have been seen.
Some were g0 ill that they could be caught by the hand. In
four dead mice the plague bacillus was detected in their
tissues (whether more were examined with negative results is
not stated).’! In Alexandria dead mice were found, in addi-
tion to dead rats, in a certain rag and bone store, in March,
1899, at a time when plague was believed to be in the city.
Nl [ proo5f’ is, however, offered that the animals had died from
plague.

Plague epizodtics in mice would, then, appear to be rare,
though other instances might be quoted from the accounts of
past epidemiza—as, for example, in the outbreak of plague in
the Punjab and Kashmir about 1611,”® and the more recent
occurrence of mortality among mice (and rats) in Barkuri
village, Da.nfmr Pargana, Kumaon, a known centre of maka-
mari, or hill plague, though this mortality was not at the
time accompanied by any mortality from plague in human
beings.* Generally it would seem that mice play a very much
less important réle than rats in spreading plague.

Plague in Squirrels. .

On at least one occasion these animals have been proved to
contract plague in the wild state. In December, 1898, a grey-
striped squirrel was picked up dead at Gadag, in the southern
portion of the Bombay Presidency, where plague was at the
time prevalent. There was no bubo in this animal, but the
spleen was enlarged and plague bacilli were isolated from its
tissues.®* On another occasion, in Poona, two dead squirrels

were picked up in the lines of the 2nd Bombay Lancers,
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among whom plague was at the time prevailing. The belief
was expressed that the animals had died from plague, but no
positive proof of this is adduced.’® Experimental evidence
of the susceptibility of squirrels to plague.is aplparent.ly lack-
ing. These animals are extremely common in India, and the
rarity of recorded instances of their contracting the disease
must be taken to indicate that they are not highly susceptible
to the virus. The part they take in its spread must be an
extremely small one.

Plague in Guinea-pigs.

In the laboratory these animals are very susceptible to the
virus of plague, and they are among the most convenient for
experimental purposes. I am aware of no published evidence
that these animals have contracted the disease in a natural

state.
i Plague in Porcupines.

The single reference that I have seen to the occurrence of
plague in these animals is_the following brief statement pub-
lished last autumn: * It is reported at Mysore that several
porcupines have died in the Zoological Gardens from bubonic
plague.” 7 In view of the great susceptibility of other rodents
to plague, there is no a prior: reason why porcupines should
not be llaigle to it. Detailed observations upon the manner in
which animals with so impenetrable an epidermic covering
contracted the disease should prove interesting.

. Plague in Marmots.

In the Transbaikal province in Eastern Siberia, a marmot
known as the Tarbagan (Arctomys bobac) suffers at times from
a disease'believed to be plague, and this disease is occasion-
ally transmitted to human beings. In an endemic plague
centre in Eastern Mongolia there is also some evidence that
these animals contract the disease. I have elsewhere®® dis-
cussed in detail what is known of these two centres of disease
and the part taken by the marmot in its spread.

= Rabbits. -

These animals, though susceptible to the disease in the
laboratory, do not appear to have ever contracted it under
natural conditions.- Should plague, which has now for the
first time in history reached Australia, spread at all widely
there, it will be_ of great interest to observe whether these
animals; which abound so in Australia, suffer at all from the

disease.,
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II.
ON THE SOURCE OF IMMUNITY WHEN COBRA VENOM IS TAKEN
BY THE MOUTH. i
IN a paper published in the BrITISH MEDICAL JOURNAL of
July 17th, 1897, Professor Fraser wrote as follows :

The failure of so highly toxic a substance (serpents’ venpm& to produce
poisoning when it is administered b{ the stomach might be due to
chemical changes produced upon it by the secretions of the stomach and
intestines, or to non-absorbability into the blood from the stomach and
intestines. It is already known that the toxicity of venom is not reduced

materially by gastric digestion......As serpents’ venom introduced into the
stomach 18 not rende; innocuous by the stomach secretions, while not-
withstanding it fails to cause

oisoning, it may be assumed that the
stomach walls are incapable of absorbin, it also. If, like other poisons,
it can be absorbed from the intestines, the explanation of the failure to

roduce toxic sym{:toms when it is administered by the stomach might
sepend on a chemical or physiological destruction of its toxic properties
by some substance or substances which it encounters soon after entering
the intestinal canal, and most &'obsbly, therefore, by the bile or the pan-
creatic secretion. To explain the innocuousness of stomach administra-
tion fully would accordinﬁly require that the effects on venom of the
biliary and other intestinal secretions should be investigated, and also
the absorbability of venom through the intestinal walls.

Asa contribution to the settlement of the question I have made a num-
ber of experiments with the biliary secretion, and whatever may be the
influence of the other secretions, or of intestinal absorption, that of the
bile has been found to be so decided as to be in itself sufficient to account
for the innocuousness of stomach administration. .

The object of the present paper is to 1ill in some of the gaps
suggested by Professor Fraser in the above very interesting
sentences. ol

Another possibility occurred to me—namely, that the
source of protection might perhaps lie in the action of intes-
tinal epithelium during absorption. This idea was suggested
by the fact that the epithelium of the serpents’ venom glands

has the power of so altering the fluid passing through it as to

others. To have attempted in the text to summarise, however briefly, the.
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