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had been found. While it cannot be denied that by these
methods, which were the best available, only a percentage of the

dead rats were obtained, it is certain that this percentage was a
fairly large one and was a good sample.

In Bombay all the rats were examined at the Parel Laboratory
in the Punjab villages a small laboratory for the purpose was
fitted up in a bungalow adjoining both villages. Elaborate arrange-
ments were made for this examination, so that in Bombay
it was easily possible to deal with from 1,000 to 2,000 rats daily.

A flea census of the live rats was first made, the rats being
chloroformed to death for this purpose. They were then dealt
with in the same way as the rats brought to the laboratory dead.

A record of all rats was kept stating their weight, species and
sex ; if female, whether pregnant or not ; and if pregnant, the num-
ber of young present. Further, all rats were examined to ascertain
whether they were plague infected or not, the diagnosis of such
infection ultimately resting in the hands of one of the members
of the Commission. A careful post-mortem examination of all
plague-infected rats was made and the results described on a form
specially drawn up for the purpose. In Bombay this detailed
examination was stopped after about 5,000 post-mortem records
had been obtained, but in the Punjab it was continued throughout
the observations. As the accuracy of the statistics depends on
the accuracy of the diagnosis of plague in the rats, particular
attention was paid to this point. Reference will be made to diagnosis
later on.

In the second place, as complete an investigation as possible
was made of every plague case which came to light.

In Bombay City the Commission relied for this infor-
mation on the staff of the Health Department. For purposes
of administration Bombay is divided by this department into ten
districts and each district into two or more sections. In charge
of each district there is a qualified Health Officer, the Registrar,
who has under him a staff of sub-registrars, inspectors and menials,
All the senior officers have an unusually wide experience of plague
on its clinical side and besides have a particularly thorough and
extensive knowledge of their districts, This superior staff waa
trained by the Commission to fill up special plague case cards,
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which contained all the necessary information. In addition to
the cards outline maps of each section were distributed to the
geveral offices and each plague case with the date of report was
dotted on the map. The whole organisation was supervised on
the Commission’s hehalf by two selected medical officers of the
Health Department and was daily superintended by members
of the Commission.

In the villages, both in Bombay and in the Punjab, a complete
census was made, full particulars for each house being recorded
on special census cards. These parficulars included name, age,
sex, caste and occupation of every inhabitant. In the Punjab
villages, with a view to ascertaining how far plague tends to
recur in particular houses, full particulars of the prevous inci-
dence of plagne in each house were noted on the cards. HKvery
plague case, and in fact every case of illness, was visited by a mem-
ber of the Commission. The same system of detailing the infor-
mation on cards and of spot maps was used asin Bombay.
Further, in order to gain the confidence of the villagers and thus
obtain early information and avoid concealment of cases a
free dispensary was opened in each village and placed in charge
of a competent medical man. At first an endeavour was made
to confirm the diagnosis by means of a bacteriological examina-
tion. 't was soon recognised, however, that any attempt to
obtain material for examination as a routine measure would
defeat its own object by leading to concealment of cases. The
procedure was therefore abandoned and the diagnosis based on
clinical features, which are usually sufficiently typical.

In the third place, the relation of the rat epizootic to the
epidemic was investigated.

As regards time and quantity the relation was easily ascertained
from an analysis of the daily returns of plague-infected rats and of

plague cases.

As regards place relationship, we have already seen that the
information concerning each plague case was recorded on a special
card and that each case with its date was dotted on a map. The
plague-infected rate were treated in practically the same way.
Special plague-rat cards were prepared, which in the case of the
villages were filled up by a member of the Commission, who at the
same time indicated on the map the place where the rat was found.
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a second breeding season in March., This species, however, like
M, rattus, breeds all the year round. The average number of young

per pregnant female is 81, the largest number found in & single rat
being 14.

As regards the relative numbers and haunts of Mus rattus and
Mus decumanus, the | following statements are founded on the
trapping of nearly 12,000 rats of these two species in the native
city.

M. ralius is apparently much more commen in Bombay
than M. decumanus, as, taking all traps set, seven of the former
species to every three of the latter were caught. They are found
in this proportion on ground floors of houses, but M. raftus in-
creases relatively to M, decumanus a s one ascends the building, M,
decumanus has never been found above the third floor, so that on the
fourth floor and upwards M. rattus is alone present. In gullies,
compounds of houses, stables, godowns and food and tea
shops the number of M. decumanus relatively increases, so much
so in the ease of compounds, that in traps set in them twice as many
of this species as of M. raftus were taken. Further, it 13 evident
that these two species of rats are closely associated with each other—
gullies, he lower floors of the houses and godowns appearing to
be their eommon meeting ground.

The Commission have observed nothing to show that the rats
of Bombay, even during the epizootic season, are in the habit of
migrating from one quarter of the city to another. There
may be desersion of infected buildings, but there is certainly no
gensral migration.

Finally, it is necessary to emphasise two important facts con-
cerning the rats of Bombay which, as we shall see, have a great
significance in relation to plague. The first fact is the widespread
distribution of M, ratfus in buildings in the city. The Commis-
sion do not think it an exaggeration to state that every inhabited
building in Bombay City and Island, not excepting even the better
class bungalows, shelters its colony of M. raftus. The second.
important fact is that to a certain extent M, decumanus, as we have-
seen, i a house rat and even forms extensive burrows in the floors

and walla of bumldings,
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As regards the other rodents in Bombay little need be said
as they do not influence the plague epidemic.

Nesokia bengalensis is not common as it appears to be in
Calcutta. It was taken in those sections of Bombay city where there
are fairly large areas of waste ground and was trapped in the
ground-floors of houses, in gullies, in stables and in godowns

The bandicoot is now an extremely rare animal in Bombay.

It was caught only in the open country and palm groves in the
northern part of the Island.

Mice were taken on all the floors of buildings, in stables and in
godowns,

In none of the villages in the neighbourhood of Bombay,
with the exception of Parel, was M. decumanus obtained during
the year they were under observation. A few of this species
were taken in Parel, a village, in which the buildings are very
similar to those of Bombay and where there are a certain number
of sewers and storm water drains.

A few specimens of Nesokia bengalensis were taken in these
villages.

M. rattus was found to be very common in the villages. Its
habits and haunts were the same as in Bombay. In two of
the villages, namely, Parel and Worli, a very thorough and
systematic examination of the rat infestation was made
during the period they were under observation. This was
done by setting daily a number of traps in the different houses
and recording the number of rats caught in each trap. The traps
were sent in the houses)in rotation according to the census num-
bering,

In Parel 2,195 M. rattus, a number equal to two-thirds of the
human population, were captured during the year. This number
gives an average of 15 rats per building. From one building,
which was divided into 16 tenements and sheltered 70 inhabitants,
as many as 393 rats were taken. At the beginning of the opera-
tions 65 rats per 100 traps set were captured, while at the end of the
year this number had been reduced to 34 rats per 100 traps set—
not a very great reduction. We can conclude, then, that the rat
infestation of Parel is very considerable, and that, despite the capture
and removal from the village during the year’s operations of a
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large number of rats, equivalent to two-thirds of the human popu-
lation, the number at the end of the year was apparently not very
greatly diminished.

Very similar observations were made in Worli. This is an
isolated village on the west coast of the Island and is chiefly inha-
bited by fisher folk The buildings are huts constructed of rough
stones. The roofs of the huts are generally covered with palm
leaves and offer excellent shelter for M. raftus. During the
year’s operations 2,603 rats of this species were taken in the village,
a number larger than the human population (2,508). At the
beginning of the trapping as many as 70 rats per 100 traps were
caught, while at the end of the year this number had been reduced,
only 17 rats per 100 traps set being taken. There is no doubt that
the rat population had been considerably diminished. The inhabi-
tants themselves recognised this fact and five months after
the operations had been stopped begged that the routine setting
of traps might be continued, as the rats had again become a
nuisance.

1t would appear, then, that the fecundity of M. rattusis so great
that nothing but extensive and persistent efforts to destroy it
can materially reduce its numbers in any village. The same con-
clusion was arrived at as the result of the observationsin the Punjab,
which we shall now consider.

From November 1905 to December 1906 continuous observations
on the rat population were carried out in the Punjab villages of
Dhund and Kasel. Four species of rats were found, namely, M.
rattus, M. decumanus, Nesokia bengalensis and Gerbillus indicus
(the Indian field rat).

Only five mice were taken. This small number may be due
to the traps being unsuitable for catching them. Twenty-
five N. bengalensis were captured, all in the fields at harvest
time. Of 9 Gerbilli two were taken in the fields and the remaining
geven in the villages, most of them in houses on the outskirts.

Mus rattus, therefore, is the common rat of the Punjab villages
and is the only one which has any influence on the plague epidemic.
In all 7,525 specimens were examined during the year. The iype
very closely resembles that found in Bombay. The colour of the
dorsal fur is usually brown, while the belly is greyish, dirty yellow or
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occasionally quite white. During the cold weather the fur is longer
and thicker than that of the M. rattus found in Bombay. Mus raftus
in the Punjab as in Bombay is essentially a house rat. The houses
are closely packed together, often back to back, and at the best with
only narrow lanes separating them. The walls are built of sun-dried
hricks or of large clods of caked mud. The roofs are flat, made of
beaten earth supported by twigs, matting or cane. The floor con-
sists merely of beaten earth, which may or may not be plastered
with cowdung. On account of this mud construction of the houses
M. rattus adopts burrowing habits. The mud walls, floors and
roofs, present no obstacle, and it is indeed the exception to
find a village house in which rat burrows cannot be found.
These burrows are very extensive. They have been followed
extending the entire length of the wall and into the wall of an
adjoining house. TIn short, a Punjab village may be looked upon
for our present purpose as being honey-combed with  rab
burrows which ramify in all directions. Further, the nests
of M. ratius are to be found in these burrows and seldom
in the interior of the house as in Bombay. In the houses
themselves there is kept an abundant food supply for the rats,
Each house has its granary, in which is stored the grain supply
for the household. In earthen vessels there are also kept such
articles as flour, sugar, ghee, potatoes, etc. All these are easily
accessible to rats.

From what has been said above it will not surprise the reader
to find that the rat infestation of a Punjab village is very great, and
that the rats live in close relation with the human population, so
much so indeed, that a common complaint of the villagers is that
their sleep is disturbed by rats running over them at night.
As further evidence of the enormous rat infestation it is only neces-
sary to state that during the year in Kasel the total number of M.
rattus trapped was 4,639, an average of 1-2 rats per inhabitant, the
corresponding figures for Dhund being 2,518 and 1'3. Vigorous
trapping was continued during the year in both these villages. At
the beginning of the operations in Kasel 148 rats per 100 traps
set were taken. This proportion gradually diminished until
seven months after the commencement, namely, in July, only 17
rats per 100 traps set could be obtained. From this date until
the end of the operations in November the numbers caught steadily
increased, until during November 69 rats per 100 traps set were taken,
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Secondly, it was found that the infection persisted among the
1ats in the village for two months and that in the case of two
individual huts it lingered amongst the house rats, in one for at
least ten days and in the other for 13 days.

Thirdly, a study of the map showed that the epizootic spread
from a central focus towards the periphery and the rate of
spread is indicated in the statement that the infection in the rats
took six weeks to travel 300 feet.

We have already seen that in the Punjab villages M. rattus is
the only rodent commonly present. Our remarks, therefore, refer
to plague in this species.

The outstanding fact as regards rat-plague in the two Punjab
villages which were under observation is, that during the non-
epizootic season, when no plague cases were occurring, rats suffering
from a chronic form of the disease were caught alive. These rats
showed abscesses in various parts of the body, but chiefly in the
abdomen and more especially in connection with the spleen. These
‘abscesses contained plague bacilli, in small numbers certainly, but
still virulent. Otherwise the rats appeared to be quite healthy and
it is remarkable that no rats with this form of the disease were found
dead. The two main conclusions at which the Commission arrived
after a careful study of this condition were, first, that these rata
had been infected by fleas in the same way as plague-rats which
develop the acute disease ; and, secondly, that, from the evidence
bearing on the question, no reason could be discovered for believing
that chronic plague, as it occurs in the Punjab villages, possesses
any significance in the seasonal recurrence amongst the rats of the
infection in the acute form. It is to be carefully noted that the
absence of acute rat-plague during the off-season in the two villages
of Kasal and Dhund does not warrant our concluding that it is
absent in all Punjab villages at this time. On the contrary, there is
no question, as we shall see, that in some villages the dizsease
persists in the rats in the acute form, as indicated by the occurrence
of a certain number of human plague cases throughout the non-
epidemic season.

In the village of Dhund the first acute plague-rat was found on
the 27th January and the last on the 21st April : the epizootic may,
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A, —TRANSMISSION OF INFECTION BY DIRECT CONTACT.

"1t is conceivable that a sick or dead plague-infected animal
‘might infect a healthy animal by merely coming in contact with it.
The work of the Commission, however, definitely proves that this
method of conveyance may be excladed. The.evidence which
bears on this question may be briefly summarised as follows :—

1 A very large series of experiments was made with guinea-pigs
in specially constructed godowns or cabins. As we shall have
to refer constantly hereafter to these observations in the godowns,
it will be well to give a brief account of their structure.

The godowns are six in number and with the exception of the
roofs are of exactly the same construction. In the case of godowns
1 and 2 the roofs, being of country tiles, offer good protection and
shelter to the wild rat of Bombay ; the flea supply in the interior
is abundant and regular. In the case of godowns 3 and 4 the
roofs, being of flat Mangalore tiles, offer only poor protection
to rats and in consequence the flea supply is more or less scanty
and intermittent, The roofs of godowns b and 6 are made of
reinforced concrete and are quite rat and flea proof. These
godowns, therefore, could be easily kept quite free of fleas.

The experiments to which we would now refer were carried out
in godowns 5 and 6. In these godowns plague-infected animals
were kept in close contact with healthy animals, that 18 to
say, running about together in a confined space and eating out of
the same dishes. The plague-infected animals were allowed to
die and the corpses were not removed unfil some time after
death, In some instances the concentration of infection was
very great, in one case 21 infected animals being at one time in
contact with 25 healthy ones. Further, the infection was often
kept up for a long period by the daily addition of freshly infected
animals. Itis also to be noted that, as the godowns were never
" cleaned out, close contact includes contact with urine and fmces
of infected animals and contact with, and eating of, food con-
taminated with feeces and urine of infected animals.

In all these experiments, done under various conditions, the
result was always the same, namely, if fleas were rigorously ex-
cluded not one of the healthy animals contracted plague. As
these observations are of great importance a typical example
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will be given, which will help their being understood. Omn
8th January, 1907, in godown No. 5 there were placed 25-
healthy guinea-pigs and five guinea-pigs which had been inoculated
with a virulent culture of the plague bacillus. By 11th January,
1907, all the inoculated guinea-pigs had died of plague. After
this date more infected guinea-pigs were added daily, 25 in all being
put in between 15th January, 1907, and 24th January, 1907 All
these guinea-pigs died of plague, the last death taking place on
31st January, 1907. Ttis to be noted that on 18th January, 1907,
there were 21 plague-infected animals in contact with the 25 un-
inoculated guinea-pigs. Ihe latter, however, remained healthy
until the experiment was ended on 21st February, 1907. No fleas:
were observed on the guinea-pigs throughout the course of the-
experiment.

9. Young guinea-pigs in the absence of fleas may be suckled by
ne-infected mothers up till the death of the latter and still not
contract the disease. This observation has been made on several

OCCAsSIons.

3. Contact of healthy animals with plague-infected animals is-
not necessary to start an epizootic among the former. Thus, in

owns Nos. 1 and 2, in which abundant rat-fieas were present,
the following experiment has often been made. A few plague-in--
fected animals have been put into the godown. A day or two after:
the last of these guinea-pigs had died and been removed, a
number of healthy animals have been placed in the godown.
An epizootic at once breaks outb amongst these animals, Tn
these experiments the healthy animals, it is evident, were mever
in contact with the plague-infected animals.

4. Tn plague-infected houses animals, placed in cages so con-.
structed as to prevent contact with plague-infected animals which
might be present in the house, have in many instances contracted
the disease. Similar observations have been made with monkeys
in the godowns which contained fleas and in which plague-infected
animals had been present a short time previously.

We shall deal with the infectivity by contact of human
plazue cases later.
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B.—AERIAL TRANSMISSION OF INFECTION.

The same experiments which have been noted above as evidences
-against contact infection may with equal force be brought forward
as evidence against rial infection. In addition to these experi-
ments we can, however, cite the following observations, which
all point to the same conclusion :—

I. In godown No. 1 or 2, in which many fleas were
present and which had recently contained plague-infected animals,
guinea-pigs were suspended in cages two feet above the ground.
Not one of these animals contracted plague, while animals exposed
in the same godown at the same time, but suspended in cages two
inches above the floor or running about on the ground readily
sickened and died of the disease. It is to be noted that a flea
-canmot jump more than 4 inches. All these groups of animals
were equally exposed to wrial infection.

2. Animals placed in infected godowns or in plague-infected
‘houses in cages protected by a curtain of fine wire gauze or surrounded
by a strip of °° tanglefoot " never contracted plague. Their
meighbours in similar cages, but not protected as described, often
succumbed to the disease. The animals of both these groups were
-equally exposed to @rial infection.

We shall have occasion to refer more in detail to all these
-experiments when we come to speak of the conveyance of
infection by means of fleas. In the meantime we may note
that we may exclude ®rial infection as playing any partin the
-conveyance of the infection from animal to animal in nature.

C.—TRANSMISSION OF INFECTION THROUGH THE 501L.,

The conception which can be formed of this method of infec-
tion is as follows : —Rats or human beings may contaminate the
soil or floors of houses with their infected excreta. Healthy
animals or man may become infected by the rubbing into skin
-abrasions of soil or dust contaminated in this way.

This has been in recent years generally accepted as
‘the most probable way in which man becomes infected. As it
was recognised that the ‘nfection was inside the houses it was
.only natural to suppose that it was in the soil. This deduction
-seemed to receive support from the fact that in the great majority



31

of human cases the position of the primary bubo is in the groin,
indicating that the bacilli had gained entrance through the skin

of the legs or lower part of the body. Such a mode of entrance

ith the well-known customs of the

geemed to be in harmony Wi
native of India, namely, that he is practically always bare-footed

in the house and as a rule takes his food squatting on the floor
and also sleeps thereon. The theory of soil infection, moreover,
offered an explanation of the problem of recrudescence, inasmuch
as it was supposed that the bacillus had an existence during the
non-plague season in the soil. We shall return to the question of
the position of the primary bubo in man ; but, in the meantime,
we have to draw attention to the fact that up to date no com-
petent worker has ever recovered the plague bacillus from
the soil of infected houses, and now the work of the present Com-
mission definitely proves that this method of infection can be
excluded. The evidence which justifies this conclusion is briefly

summarised as follows :— |

1. The urine of both infected rats and human beings ma;
contain plague bacilli in large numbers, but they are never
present in them in such large numbers as in the blood. The urine
can in some cases infect guinea-pigs when injected in consider-
able amount under the skin, but in no instance, out of a large
mumber-of experiments, did it infect an animal when tested by
natural methods, e.g., rubbed into abrasions and scarifications.
1t is of course evident that in nature injection of infected wurine
under the skin could not occur, the only probable way of
infection being through abrasions. A large number of experi-
ments on the infectivity of the fmces of both rats and man
were made, These tests were carried out by rubbing the fwces into
scarified surfaces on the skin of susceptible animals. Only on
one or two occasions out of several hundred experiments did
infection result, even when the blood of the animal, of which
the feces were used contained abundant plague bacilli.

2. We have already seen that in godowns 5 and 6, from which
fleas were excluded, healthy animals ran about and lived on the
floors which were continually being contaminated with the urine
and feces of plagne-infected animals and still did not contract
the disease. A large number of such experiments were carried
out and always yielded the same result. :
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3. Several series of experiments were made to ascertain the dura-
tion of infectivity of floors which had been grossly contaminated
with virulent cultures of the plague bacillus. In these experiments
the contamination was made artificially and was extremely gross,
the floors being flooded with thick cultures of the bacillus,
Such gross contamination could never possibly occur in nature.
When the test of infectivity employed was to allow healthy
susceptible animals to run about on the floors, it was found
that cowdung floors remained infective for 12 but not for
24 hours after contamination, while chunam floors kept their infec-
tivity for 6 but not for 12 hours. In these experiments only a very
small percentage of the animals exposed to infection contracted
the disease and those only when the floors were still wet when the
animals were put on. It is again to be noted that the contamina-
tion in these experiments was very gross, much more so than
could ever possibly occur in nature.

Further, when we come to analyse the data which refer to-
the distribution of the primary bubo in the few animals which
did become infected through soil contamination and compare this
distribution with the distribution in the same species of animals,
namely, guinea-pigs, infected in nature, ey, by running about |
in plague houses, we find a marked contrast, which points to a
different method of infection. Thus, in the case of the sail
infected animals the position of the bubo was in the great
majority of instances in the groin, or in the axilla, the neck glands
being involved in only 22 per cent. of the animals, while in the
animals infected in nature the bubo was situated in the neck in
over 90 per cent. of the cases,

4 That animals may become infected with plagne, although
they are carefully protected from soil infection, is definitely shown
by experiments which were made both in infected godowns in the
presence of fleas and in plague-infected houses. These animals
were placed in cages of such a description that they were protected
from soil infection, and still, in the instances in which the accessof
fleas was permutted, some of the animals contracted the disease.
Again, in the experiments in infected-flea godowns, in which the
animals were suspended two inches from the floor and were never
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infective when rubbed into abrasions of the skin, It is surely
justifiable to suppose that these excreta would be still less infective
when diluted with food and brought in contact with a healthy
mucous membrane. This supposition is borne out by a series of
experiments which was made on rats. A large number (194)
of rats were given the urine of human plague cases, in
many of which bacilli were present in the blood at the time the urine
was drawn off, but not one of these animals contracted plague.

2. We have already drawn attention to the contact experiments
which were carried out in godowns 5 and 6 in the absence of fleas.
In these experiments the food of the healthy animals was being
continually contaminated with the urine and fwces of their plague-

infected comrades and still not one of the former developed the
disease.

3. We have also mentioned the ohservations made with
young guinea-pigs, which were suckled by their plague-infected
mothers until the death of the latter. Not one of these sucklings
contracted plague, although it is reasonable to suppose that the
milk of some at least of the mothers contained plague bacilli.

4. Many observers have shown that it is possible to infect rats
in the laboratory by feeding them with grossly contaminated
material, such as the organs or carcases of animals dead of plague.
On these grounds and on these grounds only it has been held
that in a state of nature rats generally become infected in this way,
the bacilli gaining access through the mucous membrane of the
mouth, throat or intestine. On account of those observa-

tions the Commission devoted particular attention to this question
with the following result—

It was found possible to infect rats with plague by feeding them
with grossly contaminated material of a soft nature, 21'4 per cent. of
wild Bombay rats being susceptible to this method of infection. In
a series of similar experiments made with M. ratfus in the Punjab
678 per cent. of the rats were susceptible, but in this series a
much larger dose of infected material was given. Further, a large
number of wild Bombay rats were infected by feeding them on
the carcases of their plague-infected comrades. No difference as
regards the posi-morfem appearances or the distribution of the
primary bubo was found between rats infected in this latter way and
rats infected by feeding on soft contaminated material. Buyt, while



35

the general pathological lesions found in all rats infected by feeding
were in the main the same as those found in rats naturally in-
fected, there were observed two most important differences.
First, in naturally infected rats, while the primary bubo was as a
rule in the neck (74 per cent.), the axillary and inguinal glands
ibeing also often affected (25 per cent.), in not one single instance,
«out of 6,000 post-mortem examinations, was a bubo found in con-
nection with the mesenteric glands in the abdomen. On the other
hand, in the rats infected by feeding, the neck glands were in-
volved in only 29 per cent. of the cases, the inguinal and axillary
glands were practically never affected, while the mesenteric glands
were the site of the primary bubo in no less than 72 per cent,
of the infected animals. Secondly, in the case of naturally infected
rats the stomach and intestines showed, as a rule no marked patholo-
gical change, while in the case of rats infected by feeding, well-
marked lesions were found in the intestines. It would appear jus-
tifiable to conclude, then, that in nature, infection of rats by feeding
rarely or never takes place and that rats do not become infected
by eating the carcases of their comrades. At least this method of .
infection can play no part in the epizootic spread of plague.

As regards man becoming infected through eating plague-
infected food all competent observers are agreed that the evidence
is against such a method of infection. The first Indian Plague
Commission were not able to discover any fact which would
support the suggestion that plague may effect an entrance
into the human organism through the stomach or intestinal
canal. They concluded that, if infection takes place at all
through this channel, it can be only in the very rarest
instances. There is on record no post-mortem examination which
points to the bacilli having gained entrance through the intestine
and there is no description of primary mesenteric buboes having
been observed.

Further, it is evident that man could never receive
with his food anything like the number of bacilli which were in-
gested by the experimental rats mentioned above. In this con-
nection it is also to be remembered that in the experiments in
the flea-free godowns none of the guinea-pigs that ate food
contaminated with the urine and feces of their infected comrades

o2
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groups of guinea-pigs were exposed to infection in different ways,
one group being allowed to run about on the floor, the second
group being placed in wire cages two inches from the floor and
the third being suspended two feet from the ground, also in
open wire cages. It was already known that a flea could not
jump more than from four to six inches. This experiment has been
repeated on several occasions and a'ways with the same result.
The following may be taken as a typical example :—

On 28th January, 1907, into godown 2, in which a plague epi-
- zootic had just come to an end by killing all the animals, three
groups of four guinea-pigs each were distributed as follows :—

(@) four guinea-pigs running free on the floor;

(b) four guinea-pigs in wire cages two inches above the ground ;

(c) four guinea-pigs in wire cages suspended two feet above
the ground.

On 30th January, 1907, these guinea-pigs were removed from the
godown, freed from fleas under chloroform and segregated.
One hundred and twenty-five fleas were taken on the guinea-pigs
of Group A, 27 on those of Group B and none on those of Group C.
The eight animals of Groups A and B were observed to be ill and
to have buboes in the neck. The four guinea-pigs of Group C
appeared to be quite well.

The fate of the animals of these three groups was as follows :—

Group A.—One died under the chloroform ; it was proved bac-
teriologically to be plague-infected. The other three all died of
plague.

Group B.—All four animals died of plague.
Group C.—All four animals remained healthy.

TIn short, the animals which were within the limit of a flea’s
jump all died of plague, while none of those which were outside
this limit contracted the disease.

(3) On several oeeasions monkeys were placed in pairs in cages
in an infected godown. Both animals were protected from soil
infoction and were equally exposed to aerial infertion. One
animal was, however, protected from fleas, either by a broad (six in-
ches) strip of sticky material, namely, tanglefoot,”” or by a fine
metallic gauze curtain, while the other was not so protected. They

“were left in the godowns for 48 hours.
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The result of these experiments was that not one of 11 ani-
mals protected from fleas contracted plague, while six out of 13
unprotected developed the disease.

It will be seen that these godown experiments were of the
most exhaustive nature and yielded most convineing proof of the
part played by the rat-flea in plague epizootics, As the
toferences made to these observations have of necessity been
somewhat scattered, it will be well to summarize the con-
clusions which may be drawn from them. These conclusions

are—

(a) Close.and continuous contact of plague-infected animals
with healthy animals, if fleas are excluded, does not give rise
to an epizootic among the healthy animals. As the godowns
were never cleaned out, close contact includes contact with faeces
and urine, and eating of food contaminated with feeces and urine
of infected animals, Close contact, even the suckling of young
by plague-infected mothers, does not give rise to the disease.

() When fleas are present, the epizootic, if it does start,
varies in severity and rate of progress according to the season of
‘the year and the number of fleas present. The season, in which
epizootics are readily produced experimentally and spread rapidly,
corresponds with that of the plague epidemic.

(¢) An epizootic of plague can occur in a godown containing
infected fleas without direct contact of healthy animals and infected
-animals.

(d) In an infected godown the infection is effective in pro-
portion as the test animals are accessible to fleas.

(¢) Infection can take place without any contact with conta-
aninated soil

(f) Aerial infection is excluded.

{g) The experiments lead to the conclusion that fleas and
fleas alone were the transmitting agents of infection. -

3. The rat-flea the agent of transmission of infection from rat (o
rai tn nalure.

We have already seen from experiments in the laboratory and i
the godowns, that the only meansof transmitting plague from
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animal to animal at all comparable to what would oceurin nature,_
are—

(a) by feeding on grossly contaminated material, and
(b) by rat-fleas.

Further, we have excluded the possibility of the first of these-
methods ever happening in nature,

We propose now to bring forward more evidence in sup--
port of the second of these methods, namely, flea transmission.
This evidence is obtained from a comparison of the distribution.
of the primary bubo in animals, rats and guinea-pigs, infected:
in nature with its distribution in the same animals infected in the-
laboratory by means of fleas. Let us first consider the case of rats.

In Bombay, during both the plague season and the non-plague
season, it was found that the great majority of rats that died of
plague in natdre had the primary bubo in the neck, the next
most common sites being the armpit and the groin. This state--
ment holds good both for M. decumanus and for M. raftus.
The same distribution of the primary bubo was found to be-
present in plague-infected rats in the Punjab villages.

When we compare this distribution with the distribution in rats-
infected in the laboratory by means of fleas we find a remarkable.
similarity, the neck glands being again most commonly-mvolved,
those in the axilla and groin next. The following table shows at
a glance this comparative distribution :—

Naturally infected. | Infected by fleas,
Rats examined ; ; 3 - 5,188 117
per cent. per cent..
Rats without buboes . - : 16 18
Cervical bubo . - 2 : . 72 61
Axillary bubo ; . . - 23 2
Inguinal bubo s s 2 . 18 35
Mesenteric bubo . - 2 5 0 0

Material evidence is here adduced that the rats in nature are
infected by means of fleas.
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observations, which were carried out in Bombay and in the
Punjab, fall naturally into four groups.

Group I.—In this group, which is divided into two series, guinea
pigs were allowed to run free for about 18 to 40 hours in houses
in which one or more plague cases had occurred or in which dead
rats had been found. They were then removed, cleared of fleas and
segregated in the laboratory. In the first series the houses had
not been disinfected, while in the second series disinfection had
been carried out.

Series 1.—In this series we have to record observations made
in Bombay during the plague season of 1906 and again during that
of 1907, and also observations made in the Punjab villages of Dhund
and Kasel in 1906, The results were as follow (—

(¢) Bombay 1906 : 42 houses tested ; 12 houses infected the
guinea-pigs, namely, 29 per cent. :

(b) Bombay 1907 : 100 houses tested; 19 houses infected
the guinea-pigs, namely, 19 per cent,

(¢) Punjab villages 1906 : 49 houses tested ; 9 houses infected
the guinea-pigs, namely, 184 per cent.

Of a total of 189 houses tested in this way 40, or 21 per cent.,
proved “ infective * to guinea-pigs.

Series 2.—The observations in this series were made in Bombay
in 1906 in houses which had been disinfected before the guinea-
pigs were put in. In most cases the process of disinfection car-
ried out by the Health Department of the Municipality of Bombay,
consisted in washing thoroughly the walls and floors with an acid
solution of perchloride of mercury of a strength of 1 in 750, a solution
which, as has been abundantly proved, readily kills the plague
bacillus even in organic mixtures. In a few instances gaseous
disinfection with the fumes of burning sulphur was used, while in
still a few other cases a combination of these two methods was
carried out. The results were as follow :—

Thirty-one houses were tested and in nine instances (29 per
cent.) the animals became infected. It is noteworthy that in
many instances the number of fleas trapped by the guinea-pigs
was very large, as many as 263 being taken from one house,
while the average of the 31 observations was 40 fleas per house.

The significance of this group of experiments may be stated
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as follows :— We have already seen that guinea pigs may live in
contact with plague-infected animals, may run about on fioors
contaminated with the urine and feces of these animals and may
eat food similarly contaminated, and still not contract the disease,
if fleas are excluded. In the above experiments, therefore, we
are led to conclude that the guinea-pigs Which became infected
contracted plague, not from contact with plague-infected animals
nor from contaminated floors nor from contaminated food, but pos-
sibly from fleas infected by plague rats. This conclusion receives
support from the fact that rat-fleas, as we shall see, were caught
in considerable numbers on the animals. It receives further sup-
port from the fact, which we have already mentioned, that disin-
fection with perchloride of mercury kills all plague germs
present in the walls and floors, even when the latter are covered
with cowdung, but does not affect the fleas.

Group II.—In this group of observations, which also is made
up of two series, fleas taken in plague houses were fed on rats or
guinea-pigs in flea proof cages in the laboratory. The two series
only differ from one another in the manner in which the fleas were
obtained.

Series 3.—In this series the fleas were taken on rats, which were
proved at the laboratory to be plague-infected. They were transfer-
red in each instance to healthy guinea-pigs. The results were as
follow —

(a) Bombay, 1906 : 3 experiments; 3 successes.
(6) Bombay, 1907 : 3 experiments; 3 successes,
(¢) Punjab wvillages, 1906 ;: 6 experiments; 3 successes.

A total of 12 experiments with 9 successes (75 per cent.).

Series 4.—1In this series the fleas were taken on guinea-pigs, which
had been left for some time in plague houses. They were brought
to the laboratory in test-tubes and were then transferred to fresh
animals, guinea-pigs or rats, in flea proof cages.

The results of these observations were as follows :—

(@) Bombay, 1906 : 40 experiments ; 8 animals died of plague
(20 per cent.).

(b) Bombay, 1907 : 31 experiments ; 11 animals died of plague
(35 per cent.).

(¢} Punjab villages, 1906 : 25 experimsnts; 7 animals died of
plague (28 per cent.).
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(a) Bombay, 1906 : 20 experiments.

(1) “ Tanglefoot ** animals—all remained healthy.
(2) **Sand” animals—7 developed plague.

Out of 247 fleas caught on the * tanglefoot *> 60 per cent. were
human-fleas, 34 per cent. were rat-fleas, and 6 per cent. were cat-fleas.

Plague bacilli were demonstrated in the stomach contents of
1 out of 85 of the human-fleas dissected and of 23 out of 77 rat-
fleas (30 per cent.).

(b) Punjab wvillages, 1907 : 30 experiments.

(1) ** Tanglefoot >> animals—all remained healthy.
(2) “Sand” animals—2 developed plague.

The species of 156 of the fleas caught on the ** tanglefoot ** was
determined ; 138 were rat-fleas, and only 18 were cat-fleas. Theres
were no human-fleas. Fifty-five rat-fleas were dissected, and the
stomach contents of three were found full of plague bacilli.

The small number of successes in the experiments of Group
III in comparison with those of Group I, in which the guinea-pigs
were allowed to run free, is due to the fact that fleas did not reach
the caged animals in anything like the same number as they did the
free animals. Thus, in Series 1 the average number of fleas per
house was 20 and in Series 2, 40 ; while in Series 5 an average of
only three fleas per house were taken on the unprotected animals.

Before passing on to the last group of observations we have
to draw attention to the fact that by far the most common site of
the primary bubo in the animals which became plague-infected in
all the above experiments was the cervical region. We have
already pointed out the significance of this distribution and have
shown that it points strongly to an infection by means of fleas,

Group IV.—This group consists of a series of observations,

having as its object a comparison of the number of rat-fleas caught

n plague houses with the number taken in non-plague houses,
In the course of the observations of Group I with free guinea-
pigs carried out in 1906 in Bombay and'in the Punjab a carefal
census was made of the fleas caught in the houses. A# the end of
the observations the houses were divided into two classes : (A), a
class in which the houses were definitely shown to be plague
infected, either because plague-infected rats had been found in
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From a consideration of all these observations, both in Bombay
and in the Punjab, the only conclusion which can be come to is that

in a plague-infected house the infection is due to infected rat-fleas
and not to any infection of the soil or of the air.

5, The rat-flea the agent of transmission of infection belween
the rat and man.

We may now state the evidence which can be adduced in favour
of the theory that the rat-flea is the agent and the only agent of
trunsmission of the infection from the rat to man. !

In the first place, we have to consider the question of the path

by which the plague bacillus effects an entrance into the human
organism.

In the case of primary pneumonic plague there is no question
that the infection is contracted by inhalation. Pneumonie cases
are, however, rare (26 per cent.) and play little or no part in
the spread of epidemic plague. While this is true of pneumonic
plague, almost all observers are agreed that, as far as the common
forms of the disease are concerned, man becomes infected through
the skin, the primary bubo developing in the glands in connection
with the lymphatics which drain the area of skin through which the
plague bacilli gain entrance. A large series of experiments in guinea-
pigs, in which infected fleas were fed on definite areas of skin,
supported this opinion, inasmuch as they showed that in this case
at any rate the bubo always developed in the glands in connection
with that area of skin on which the fleas were fed, This being
admitted, at one time it was thought that Indians, going about as
they do bare-footed, usually became infected by bacilli in the soil
getting rubbed into abrasions on the feet. This hypothesis was
founded chiefly on the observation that a large preportion of plague
cases have the bubo in the groin. The Indian Plague Commission,
however (Vol. V, p. 70), pointed out that in proporticn to the area
of skin which drained into them the glauds of the groin were not
more commonly affected that the glands of the axilla or of the
neck. Thus, they pointed out that the areas of skin surface,
which drain respectively into the glands of the neck, the axilla
and the groin, stand to each other approximately as the figures
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1:18: b5, while the numbers of cervical, axillary and inguinal
buboes stand to each other severally in the relations expressed
by the figures 1: 1'3: 5'8. Further, it has also been shown
that in communities wearing shoes the percentage of groin
bukces is no less than in thoee who go abuut bare-fouted.

It would appear, then, from these considerations that in the
case of man there is no geat of election, as it were. of the skiu area
throngh which the plague bacillus enters, '

In considering cther possible modes of entrance of the plague
bacillus, the Indian Plague Commissiun came to the conclusion that
man never or only in the very rarest instances became infected
through the digestive tract. Within recent years, however, certain
workers in Hong-Kong, as a result of clinical experience, post-mortem
examination and feeding experiments, have favoured this method
of infection. The evidence bronght forward by them is by no
means convincing, and the results of the post-mortem examinations
and of the animal feeding experiments have not been confirmed by
other observers.

In conclusion, we may take it, therefore, that all the evidence
which is available points to man becoming infected through the
skin and is in favour of the agent of infection being of such a nature
as the flea.

In the second place, we have already seen that both in Bombay
and in the Punjab there is a definite time relationship between the
rat epizootic and the epidemiec.

In the case of Bombay City the average interval, as deduced
from the curves showing the relation in time of the rattus epizootic
and the epidemie, was 10—14 days, while in-the case of the village
of Kasel in the Punjab the same interval was about a week. The
Bombay epidemic curve, however, was calculated on plague deaths,
while the Kasel curve was on plague attacks. The interval in the
latter case would, therefore, be shorter by a few days than the
Bombay interval. Further, in the village of Kasel an opportunity
was obtained of estimating the average interval between the finding
of dead plague rats in the houses and the occurrence of the first
plague case in them. In five houses, in which plague rats were
found on only one oceasion prior to the human case, the average
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(@) The fate of the plague bacillus in the body of the ral-flea and
the mechanism by means of which the flea infects a healthy
animal.

A study of the anatomy of the mouth parts and of the alimentary
canal of the rat-flea shows that the blood is sucked up from the
wound made by the pricker and is then passed down the gullet by
successive waves of contraction of the muscles from before back-
wards into the stomach, which is guarded anteriorly by a valvular
arrangement.

The stomach is a pear-shaped organ occupying a considerable
part of the abdomen of the insect. That the stomach is capable
of containing a considerable amount of blood is apparent from the
observation that after a flea has fed nearly the whole of the
abdomen is seen to be filled with a bright red mass.

In order to arrive at some conception of the chance of a flea
taking plague bacilli into its stomach and of the number likely to
be imbibed from the blood of a rat dying of plague, the Commission
made both approximate measurements of the average capacity
of the flea’s stomack and accurate estimations of the average
number of live plague bacilli contained in the blood of rats dying or
recently dead of plague. The technique of these operations is
too complicated to describe here ; it is sufficient to state the follow-
ing conelusions :—

The average capacity of a rat-flea’s stomach has been approxi-
mately estimated to be 05 e. mm. The blood of a plague-infected
rat before death may contain as many as 100,000,000 bacilli
per c. ¢. If, therefore, a rat-flea imbibed the blood of such a rat
it would receive into its stomach 5,000 germs. Further, it is
evident that a flea that imbibed the blood of a rat containing
10,000 or more germs per c.c. would take some bacilli into its
stomach. Now, it was found that the blood of about two-thirds
of plague-infected rats contains more than this number of germs,
go that rat-fleas in sucking the blood of plague rats in nature must
have ample opportunity of taking bacilli into their stomachs.

Evidence was next obtained on the question of the multiplica-
tion of plague bacilli in the stomach of the flea. Fleas were fed
on plague-infected rats until the death of the latter animals. They
were afterwards fed on healthy animals, a fresh animal being sup-
plied each day, so that t was impossible for them to imbibe any
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more bacilli, Each day a number of the fleas was dissected and
the stomach contents examined as to the presence or absence
of plague bacilli, In a certain proportion abundant germs were
found up to the 12th day and in one instance on the 20th day. We
have good evidence in this observation that multiplication of plague
bacilli may take place in the flea’s stomach, for, if there had been
no multiplication, the bacilli-laden blood imbibed originally would
soon have been diluted to a marked degree and the bacilli washed out
by the blood taken in at each feed on the healthy animals.

The next point to determine was the approximate proportion
of fleas in the stomachs of which mulfiplication of plague bacilli
takes place. This proportion was found to vary with the season
of the year, being six times greater in the epidemic season than in
the non-epidemic season. In the epidemic season the percentage
of infected fleas was greatest for the first four days (43 per cent.)
after removal from the plague rat, but a certain number were found
with bacilli in their stomachs up to the 12th day ; thus, on the 6th
day there were 15 per cent., on the 8th day 16 per cent. and on
the 12th day 9 per cent. On one occasion the stomach contents
of a 20th day flea were found full of plague bacilli. In the non-
epidemic season no flea was found with plague bacilli in its
stomach after the Tth day and of those examined during the first
six days only 5°2 per cent. were infected. |

It was important now to determine the duration of infectivity
of rat-fleas taken from plague rats when tested on susceptible ani-
mals, This was done by feeding fleas, which had imbibed blood
containing plague bacilli, on healthy guinea-pigs, a fresh animal
being supplied each day, until all the fleas had died. After being
in contact with the fleas for 24 hours each guinea-pig was carefully
cleared of fleas and segregated. In this way several series of experi-
ments were done with the following results :—One series done
during the epidemic plague season and in which a limited number
of fleas were used showed that, in these circumstances, fleas
could remain infective for at least 10 days. A second series, also
carried out during the epidemic season, but in the presence of a
very large number of fleas, gave the time that fleas might remain
infective as 15 days. In a third series of experiments, conducted
under the same conditions as the second series but during the non-
plague season, the fleas remained infective for only seven days and,
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further, far fewer (one-third instead of two-thirds) animals than in
the second series contracted the disease. It is to be remembered
that in these experiments the fleas were fed throughout. Starved
fleas, even when placed under the most favourable conditions, never
survive longer than a week.

The next questions which suggested themselves were, (1) are
the bacilli to be found anywhere in the body of the flea outside the
stomach ? and (2), how do the bacilli leave the flea’s body ? The
blood after the end of the digestive process in the stomach passes
into the rectum of the flea as a thick, slimy, dark-red mass and ap-
pears at the anus as minute, dark-red or black, tarry droplets. It is
easy to demonstrate by dissection and examination that the
rectal contents are often crowded with plague bacilli, and
it has been repeatedly shown, both by microscopical examination
and by animal tests, that the feeces may contain abundant and
virulent plague baeilli.

On the other hand, a very large number of fleas, which had
come off plague rats at intervals varying from a few hours to several
days, have been dissected and the various parts of the body
examined for the presence of bacill. On rare occasions a few
bacilli have been seen in the gullet but only in these cases in which
the flea has been killed immediately after feeding. As regards the
other regions of the body, in not a single instance have any
plague bacilli been observed outside of the organs already men-
tioned. No infection of the body cavity has been seen and,
although particular attention was paid to the salivary glands,
nothing at all resembling a plague bacillus has ever been detected
in them. It would appear, then, that nowhere outside the stomach
and the alimentary canal posterior to the stomach are plague
bacilli to be found in any numbers and that they leave the body
chiefly, if not entirely, along with the feces.

These observations have a distinet and important bearing on
the next question which we have to consider, namely, the question
of how the flea transmits its infection to the healthy animal. Tt
is evident that several methods of transmission are possible, such
as (@) the animal eating the infected fleas; (b)the mechanical con-
veyance of the bacilli by the pricker ; (¢) the injection of the bacilli
along with the saliva as the result of an infection of the salivary
glands ; (d) the regurgitation of the stomach contents or the retention
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of the infected blood about the mouth parts or in the pharynx,
the bacilli being then injected with the saliva or carried down on the
pricker or rubbed into the wounds made by the pricker ; (¢) the depo
sition of the-infected fieces on the skin, the bacilli being then in
jected by the pricker or rubbed into the wounds made by the pricker,

After careful consideration of all the available evidence bear-
ing on the subject the Commission were of opinion that
it pointed to the conclusion that the bacilli after multiplying
in the stomach leave the body of the flea with the fieces and then
become injected into the healthy animal either by being carried in
by the pricker or by being rubbed into the pricker wounds. In
addition to the evidence already mentioned pointing to this con-
clusion we may mention the fact, that the flea while sucking has a
habit of squirting blood per anum. Further, experiments have
shown that the wounds made by the pricker afford a sufficient
avenue for the entrance of the bacilli, even when no rubbing is re-
sorted to. While all the evidence points to the inoculation of the
fleas’ fieces being the method of infection, the possibility of infection
by contaminated mouth parts or by regurgitation from the stomach
cannot be altogether excluded, althongh no evidence could be
obtained in favour of either of these methods. Infection by the
eating of infected fleas and by infected saliva can be almost
certainly excluded. :

(6% Whether a single rai-flea can transmit the infection.

Rat-fleas were taken off plague-infected rats after the death of
the latter. They were then transferred to healthy guinea-pigs in
clean flea-proof cages, one flea being added to each cage.
Sixty-seven experiments were made in this manner, but only in
one instance was there a successful transference of the disease.
As we can estimate that about half of these 67 fleas contained
plague bacilli in their stomachs, it would appear that the chances
of an animal contracting plague after being bitten by a single
infected flea are remote.

(¢) Whether both male and female rai-fleas can transmil the
wnfection. '

Observations were made to ascertain if both the mala+and
female P. cheopis could transmit plague from animal to animal.
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Six experiments were carried out with each sex, with the result that
one animal in each series became plague infected.

(d) Whether any other species of flea, as well as P. cheopis,
can transmit the infection.

Three other species of flea were available for these observations,
namely, Ceratophyllus fasciatus, Pulex felis and Pulex irrians.

1. Experments wite Ceratophyllus fasciatus.

This is the common rat-flea of Northern Europe. Tt is not found
at all in Bombay, but in the cold weather was taken on rats in the
Punjab to the extent of 2 per cent. On account of its scarcity
and because the experiments were made towards the end of the
observations at Dhand and Kasel, only two experiments were com-
pleted with this flea. Both these experiments were successful,
showing definitely that Ceratophyllus fasciatus can convey plague
from infected to healthy animals.

9  Experments wite Puler felis,

This is the common flea found on cats and dogs. It was found
not to live well on guinea-pigs and rats. Transmission experiments
with it were carried out by feeding the fleas first on Bombay rats
infected with plague and on the death of the latter transferring
them to fresh guinea-pigs in clean flea-proof cages. Although 27
experiments were made in this way, not a single successful transmis-
sion was obtained. It should be added that these experiments were
made during the height of the plague epidemic in Bombay.

3.. ExrermveExTs wiTH Pulex irritans.

Experiments with this flea, the common species found on man,
were carried out in the same manner as those with cat fleas. Out
of 38 experiments three of the guinea-pigs became plague infected.
This small number of successes may be explained by the fact that
this flea does not live well either on rats or on guinea pigs. It was
found that, if kept on rats, only 1-2 per cent. of the number originally
put on could be recovered after 24 hours and that after 72 hours
this was further reduced to 1 per cent.
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- from animal to animal in the laboratory. Other experimental data,
however, such as, the comparatively small number of plagne bacilli
present in the blood of plague cases, are against this hypothesis,
so that to -conclude off-hand from the transmission experiments
done in the laboratory that such a method of transmission from
case to case takes place in nature would be extremely dangerous
and, as we shall see later, would lead us into grievous error. We
do not now intend to enter again into the experimental evidence,
valuable as it is, which is opposed to the belief that a plague case
is infectious. We propose, however, to take up the question
from the epidemiological aspect, drawing our evidence from
various sources and only referring to experimental data when
necessary.

B.—ExrEriENcE v HospITAL:.

It has long been observed in India that the attendantsin a
plague hospital remain singularly free from infection, although
they are brought frequently into intimate contact with patients in
the acute stage of the disease. So well is this fact recognised that
it has become a saying “ that the safest place in a plague epidemic
is a hospital.” The Commission’s experience in the plague hospitals
of Bombay, as well asin the homes where cases were treated,
forced the members to the same conclusion.

In order, however, further to investigate the point, experiments
of three different kinds were made—

(1) Two guinea-pigs were allowed to run free in the acute
plague ward of the Maratha hospital, Bombay. Although kept in
the hospital for one week these animals remained healthy.

(2) Bedding recently soiled by the excreta of acute cases just
before death was obtained daily from the hospital and put into a
confined space, namely, godown No. b, along with 15 guinea-pigs.
Each lot of bedding was kept in the godown for 24 hours, but
the same guinea-pigs were exposed throughout. Although the
experiment was continued for several weeks and in the intimate
contact of a confined space, a contact, which was closer and
more prolonged than any that could possibly happen in the ease
of man, none of the guinea-pigs contracted the disease.
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cent. of the cases were single cases. All the cases were treated in
their own houses throughout their illness. In the 21 houses
which furnished single cases the number of contacts was a6,
all of whom came into intimate relation with the patients.

None of these contacts contracted the dizsease.

(2) In Kasel the 75 cases inhabited 67 houses, One house
furnished three cases, six houses furnished two cases each and 60
houses a single case each. That is tosay, 80 per cent. of the
cases were single cases. In the houses which furnished single
cases the number of contacts was 273, of whom 18 had been
inoculated against plague. In other words, out of 256 presum-
ably susceptible persons who came into contact with plague cases
not one was attacked.

Further, both in Dhund and Kasel it was observed that when
multiple cases did occur in a house they were attacked practically
simultaneously, as if from a common source of infection.

(3) In Parel village there were 28 cases, 17 of which were
imported. Of these cases 20 (71 per cent.) were single cases, the
remaining eight being divided amongst four houses, two in each.
In all the houses where cases occurred a number of inhabitants
were living in the same room as the sick. In no instance was
there any evidence to show that the sick communicated the
disease to their healthy attendants or friends.

(4) In Bombay City the experience of the Commission showed
that it is comparatively rare to find two or more cases in a
house. Attention was specially directed to this point, because
throughout the epidemics of 1906 and 1907 a continual endeavour
was made to find instances of this kind with the purpose of using
such houses for guinea-pig experiments. The number of houses
suitable for this purpose was very small when compared with

the total number of plague houses.

A large mass of data relating to this® question was ob-
tained from the municipal records for four epidemics, 1903-1906.
The records relating to the incidence of plague for these years
in all the buildings in 10 typical sections of the city were
analysed and statistics under the following headings compiled *—

(a) Mean number of inhabitants per building.
(b) Mean number of tenements per building.
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Number and perceniage of buildings which yielded cases.
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All the evidence, then, points to the conclusion that in the great
majority of instances a house during a plague epidemic yields
only a single case. Moreover, it was also found that, when two
or more cases do occur in a house, they are attacked practically
simultaneously as if from a common source of infection, and that
in houses with multiple cases the evidence regarding the rat mor-
tality is much stronger than in those instances in which only a
single case occurred in a house,

This phase in the natural history of plague is adequately ex.
plained when we consider certajn facts in connection with the
transmission of the infection from rat to man by rat-fleas, which
have been already mentioned. Thus, we have seen that the
percentage of infected fleas rapidly diminishes from the 3rd or
4th day after the flea has imbibed the blood of the plague rat. In
this connection it is to be noted that only 21 per cent. of plague
houses were infective for guinea-pigs, although in these experi-
ments the houses were chosen as being apparently badly infected
and the tests were made as early as possible. 'We have also seen
that the chances of infection being given by a single flea are remote,
an important fact when taken in conjunction with the observation
that rat-fleas will not attack man unless forced to do so.

It would appear from all these considerations that the chances
of man being infected in the course of the disease amongst the rats
are nof very great, that, in other words, he only participates, as
it were, by an off chance in the rat epizootie.

It is unnecessary here to draw attention to the bearing of
these facts on the prophylaxis of the disease. Their teaching
with reference to such measures as disinfection, segregation of plague
cases, ete., is too obvious to require comment
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defective. Moreover, from experience of the ventilation of houses
in which plague cases oceurred and from statistical data based on
observations of the state of ventilation of a large number of plague
houses, the Commission were led to form the conclusion that no

relation exists between the incidence of plague in these houses and
their ventilation.

(2) Similar evidence relating to the conditions as regards
lighting, which are found to obtain in plague houses, led also to
the conclusion that no relation exists between such conditions and
the incidence of plague in these houses.

(3) Tt is certain that in many of the sections of Bombay dense
overcrowding of the population exists. The evidence obtained
bearing upon the relation of this overcrowding to theincidence of
plague was of two kinds—

First, statistical data relating to three criteria of overcrowding
were compiled, namely—

(a) the number of inhabitants per acre ;

(b) the number of inhabited buildings per acre ;

(¢) the average number of inhabitants per occupied build-
ng. g

These data were compared graphically with the incidence of
plague per mille of the population for each section.

Secondly, an analysis was made of data relating to the amount
of space available for each occupant in over 4,000 houses in which
plague cases occurred. :

Consideration of the whole of the evidence led the Com.
mission to the conclusion that, although the incidence of plague
was highest in the most crowded tenements, it was apparently
unafected, so far as the City of Bombay is concerned, by the
density of population in the different sections of the City, the
smallest areas regarding which figures could be obtained.

(4) It cannot be denied that the system of the disposal of night
soil and sullage water, that is to say, the system of open drams
or gullies between the buildings, which prevails in the native
city of Bombay, is a highly insanitary one. Nevertheless, ¢f
the rat epizootics are excluded, the Commission were unable to
discover any definite relation connecting this state of 'aﬁﬁ:lﬂ
with the spread of epidemic plague. In confirmation of this view
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the ease of the outlying villages in the island, which possess no
such system and which nevertheless are liable to severe
epidemic outbreaks, may be cited. Again, in Bombay itself
severe attacks may occur in buildings provided with an excellent
water carriage system.

In short, the Commission felt justified in coming tc the
conclusion that the insanitary conditions which exist in Bombay
have no influence which acts directly on the spread of epidemic
plague. g

In support of this conclusion attention can be drawn to a severe
epidemic which occurred in a number of new chawls recently bui!t
by the Improvement Trust, buildings which in respect of their
sanitary arrangements could not be improved upon. Reference
will be made to this outbreak later on. It is, of course, also true
that during the epidemic many buildings in the City in a highly
insanitary state escaped infection altogether.

B.—INFLUENCE OF INSANITARY CONDITIONS UPON THE SPREAD
OF RAT PLAGUE AND UPON THE TRANSFERENCE OF INFEC-
TION FROM RATS TO MAN.

It will be convenient to consider this part of our subject under
two heads, namely, (1) the conditions which favour the spread
of rat plague through a city such as Bombay and through a
village, e.g., in the Punjab ; and (2) the conditions which favour the
spread of rat plague into and throughout inhabited buildings.

1. The conditions which favour the spread of ral plague through a
city e.g., Bombay, or through a village, e.g., in the Punjab.

In Bombay we have seen that the spread of epidemic plague
through the City is directly due to plague in Mus decumanus, It
follows, therefore, that the conditions which favour this species of
rat will be the conditions which favour the spread of the epidemie
through the city. We have already drawn attention to the habits
of M. decumanus, so that all that is now necessary is to mention
briefly those conditions obtaining in an oriental city like Bombay
which are favourable to its existence.

In the first place, the structure of the buildings is for the most
part of the flimsiest description. The foundations are not by any
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dant food supply present in the court-yards and the houses them-
selves, These are the conditions, therefore, which favour the

diffusion of plague throughout the villages.

2. The conditions which favour the spread of rat plague inio and
throughout inhabited buildings.

We have already come to the conclusion that the raftus epizootic
in Bombay is directly attributable to the decumanus epizootic.
Now M. rattus is, as we have seen, essentially a house rat and to
plague in this species the whole or by far the greater part of the
house infection is due. It follows, therefore, that those conditions
which favour the coming together and meeting of M. decumanus
and M. rattus will be the conditions which are responsible for the
spread of plague into buildings, while those conditions which favour
the existence of M. rattus in the buildings will be responsible for
the diffusion of the disease thronghout the buildings. .

As regards the first point, namely, the conditions which favour
the coming together and meeting of the two species, we have
- already pointed out that M. raftus and M. decumanus in Bombay
are closely associated with each other in gullies, on the lower floors
of houses and in godowns, whiclrlocalities appear to be their common
meeting ground. It is evident, therefore, that the gully system
of drainage, the unsubstantial character of the foundations and
plinths of buildings, which render the latter easy of access by
rats, the presence of godowns, stables, ete., on the ground floors of
buildings, are the conditions which are mainly responsible for
the spread of plague into the buildings.

In the case of the Punjab villages the same conditions, which
we have seen favour the diffusion of the epizootic through the
village, namely, the close aggregation of the houses, their mud
walls and floors, ete., favour its entrance into the houses.

Passing on to the second question, namely, the diffusion of the
epizootic throughout the buildings, we find present in all Indian
houses conditions which are eminently favourable for the exis-
tence of Mus raftus.

The structure of the houses does much to favour this species.
The flimsy walls and floors, the mud walls of the Punjab village
house, the country-tiled roof, the general condition of disrepair,
all offer attraction and afford good shelter to Mus rattus. But
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as important, if not more so, are the conditions which depend
upon the habits and customs of the people themselves.

In the first place, the natives of India are universally
indifferent to the presence of rats in their houses and in some
instances go so far as to protect them from molestation.

In the second place, the people are in the habit of filling their
housea with all kinds of useless articles and accumulations of
rubbish, Small lofts are improvised with planks or bamboos,
and in these lofts are stored all kinds of odds and ends, such as,
earthenware and brass jars,pieces of matting, firewood, old clothes,
etc. In the interior of the houses, therefore, there are
splendid shelters and breeding places for the house rat. "

In the third place, the food supply is abundant. The supplies
of raw material, grain, seeds, ghee, etec., are stored in wooden chests,
earthenware pots, ete. (in the case of the Punjab houses there are
special grain receptacles), all of which are easily accessible to rats.
The food is cooked and eaten in the room off plantain leaves or
brass platters placed on the floor, neither tables nor chairs being
used.

As an illustration of the influence of the habits of the people
and the conditions resulting therefrom on the spread of plague
inside buildings, we may with advantage instance the case of the
Improvement Trust chawls, to which passing reference has already
been made. These chawls, 16 in number, were built recently
by the Bombay City Tmprovement Trust and, in fact, some of them
had only just been occupied before the plague epidemic of 1906
began. The walls are solidly built of brick and are supported
on high, solid, masonry plinths. The floors are of concrete or
patent stone and the roofs of flat Mangalore tiles. The vara.nd'a.ha
and corridors are also paved with concrete and are wide and airy,
the lighting and ventilation of the whole building leaving nothing
to be desired. There are no gullies, and excellent water closets
are provided. In short, the buildings in themselves offer no
shelter to rats. In spite of this M. rattus is common in the hnuse?,
Tt is further certain that the rat infestation of the buildings is
entirely due to the habits of the people in the matter of the dis-
posal of their household belongings and food stores as “described
above. In the plague season of 1906 these chawls were sc badly
infeoted, that the people had to evacuate and live in huts made of
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Parr VIL.—THE IMPORTATION OF INFECTION FROM
AN INFECTED TO AN UNINFECFTED LOCALITY.

A —Conveyance of infectinon by mts..
B.—Conveyance of infection by infected rat fleas.

Having excluded all probable modes of spread of infection
of plague other than the rat and the rat-flea, we are led to the
conclusion that the importation of the disease into an uninfected
locality must be attributable solely to the conveyance of the
infection in the rat or in the rat-flea.

A.—CONVEYANCE OF INFECTION BY RATS,

As regards this method of importation from place to place
we have already dealt with the subject of migration of rats in
general and have seen that all the evidence pointed to there being
no such thing as a general migration of rats even as a result of a
severe mortality amongst them. While this is =o, it cannot be
denied that a plague-infected rat may be conveyed into an unin-
fected locality in merchandise, e.q. in hay, bales of cotton, grain,
ete. The Commission, however, obtained no direct evidence
on this point.

B.—CONVEYANOE OF INFECTION BY RAT-FLEAS.

Consideration of what has gone before will suffice to con-
vince the reader, that transportation of the plague bacillus in the
body of the rat.flea is not only conceivable, but under certain
circumstances a very likely contingency. Thus, it is conceivable
that infected rat-fleas might be imported from an infected to an
uninfected locality by one or other of the following means :—

(1) On the host, namely, rats, carried in merchandise, ete.

(2) In merchandise, grain, ete., the host not being transferred
with the fleas.

(3) On the person or clothing of & man, who has been in
a plague-infected house, the man himself being either
plague stricken or healthy.

(4) In bundles of clothing, bedding, ete., removed from a
plague-infected house.

19 8. C. G
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As there is no direct evidence bearing on the first two pos-
gibilities, nothing further need be said about them.

As regards the importation of infected rat-fleas by the direct
agency of man, on his person, amongst his clothing, etc., or by
bedding and such like articles coming from a plague-infected house,
the following observations have a direct bearing—

(a) We have seen that rat.fleas will under certain circum-
stances come on to & man and in some instances will be attracted by
him, but not feed on him for some time.

(b) We have seen that rat-fleas fed on man may remain
alive for two or three weeks ; also, that infected rat-fleas if fed may
remain infective for 15 days. In this connection it is important to
remember that experiments have demonstrated that an animal,
¢.q., & guinea-pig, may pick up fleas in a plague house and still not
contract plague, while a second animal to which the fleas are trans-
ferred may develop the disease. ‘

(c) Rat-fleas if starved may remain alive for several days.

(d) During the visits of the Commission to plague houses in
Bombay the members and their assistants often carried away
fleas on their persons and clothing, some of which proved to be rat-
fleas.

(¢) Experiments were made with bundles of bedding, cloth-
ing, ete., got from houses in Bombay in which plague cases had
oceurred. Rat-fleas were taken on guinea-pigs brought in close
contact with these articles; one of the guinea-pigs died of plague
with a bubo in the neck, and a rat-flea which was dissected had
abundant plague bacilli in its stomach contents.

In this connection it is to be remembered that a plague-infected
house may contain a very large number of infected rat-fleas.

(f) Histories of the probable importation of plague into an unin-
fected village in the Punjab by human agency are common.
Thus, in a district in the Punjab in which this question
was carefully investigated in 80 per cent. of the infected villages
there was a clear history of probable importation by men coming
from infected localities.

(g) Some observations made by the Commission in the outly-
ing villages of Bombay are worthy of reference in this connection—

(1) Inthe case of Sion Koliwada village, enquiries showed that
the origin, of the rat epizootic was probably due to the
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floors for any length of time. It was found that the longest period
that floors remained infective after gross contamination was 24
hours,

In short, all experimental evidence, which need not be again
detailed, proves that there can be no question of a continued exi -
tence of the bacillus in the soil. '

All the epidemiological facts accumulated by the Commission
point to there being no such thing as soil infection.

9. The existence of the bacillus in man.

We have already pointed out that human plague is  dependent
upon plague in the rat, and that the only way man becomes in=
fected is by the bacilli being conveyed to him from the rat by the
rat-flea. There is no evidence that infection is ever carried from man
to rat, although the possibility of this occurring cannot be denied.
Cases of human plague which oceur in the off-season must, therefore,
be dependent upon acute plague in rats. This correlation was
shown to be present in Bombay City during the off-plague season.

Again, there is no evidence that man harbours the bacilli after
he has recovered from the diseaze or while he is not a sufferer.
All the evidence, in fact, is against such a contingency.

‘These considerations, therefore, would negative the view, that
man was in any way responsible for the bridging over of plague
epidemics,

3. The existence of the bacillus in the rat.

[n Bombay City it was found that the period between the
epidemics was bridged over by cases of acute plague amongst the
rats, accompanied by a few cases in man. There was never a
week in which acute rat plague was not present.

In the case of the two Punjab villages no rats were found in the
non-epidemic season suffering from acute plague nor did any
human plague cases occur. While this is so, a considerable number
of rats were caught alive, which, although apparently in good
health, harboured living and virulent plague bacilli “in chronic
abscesses. It is to be carefully noted that these chronic plague-
rats inasmuch as the bacilli are shut up in abcesses, where fleas
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has reached a climax. If we can find an adequate explanation of
these phenomena, it is clear thati in the case of a city like Bombay
we shall have answered satisfactorily the questions we set ourselves,
but that in the case of a province like the Punjab, where the
villages are scattered and where acute rat plague is present during
the off-season in only a comparatively small number of them,
simultaneously, we shall require in addition to explain the diffusion
of the infection during the rise of the epizootic from the foci where
acute rat plague exists at the beginning of the epidemic season.

Let us then consider the factors which influence the rise and fall
of the epizootic, when the disease is present amongst the rats.
These factors have been shown to be as follows.

l.  Temperature.

(@) A high mean temperature, 7.e., 85°F. and over, affects the
fate of the plague bacillus in the stomach of the flea. At this
temperature fewer successful transmissions from animal to animal
are obtained and, besides, the flea does not retain its power of
infecting nearly so long as it does at a lower temperature, i.e.,
70°F. At the higher temperature the plague bacilli disappear from
the stomach much more quickly than at the lower temperature.

(b) While a mean temperature, high in comparison with
70°F., has no effect on the number of plague infected rats
which contain bacilli in the blood at death, at a low mean
temperature, such as 50°F., the number of infected rats that
die before bacilli appear in the blood is much greater than at
the higher temperature, i.e., T0°F.

(¢) Temperature may have an influence on the prevalence of
fleas in nature. It has been shown that a high temperature
affects the breeding of fleas to a considerable extent. It appears
not only to restrain the adult from depositing eggs, but also to
deter the development of the eggs into larvae.

(@) Finally, from a study of the climatic conditions and
epidemic plague in six places in India it appears that plague
cannot exist in epidemic form in any place when the daily mean
temperature is high, ¢.e., 85°F. and over. In some places the rise
of the mean temperature to this degree and the fall of the
epidemic coincide, while in other places, e.g.. Belgaum and Poona,
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the epidemic subsides when the mean temperature is most smrable,
namely, about T0°F. Another factor or factors must, in these
instances, be in operation in causing the decline of the epidemic

In the Punjab during the winter months a low mean temperature,
such as 50°F., inasmuch as it diminishes the number of infected rats
which contain plague bacilli in their blood at death, may be a
factor in limiting plague outbreaks,

We find, therefore, that the epidemiological facts are in
harmony with the experimental data, as far as temperature is
concerned.

2. The number and susceptibility of rats.

There is evidence to show, that a plague epizootic diminishes for
the time being the total rat population of a place. There is also
evidence to show, that the effect of a plague epizootic is to increase
the proportion of immune to susceptible rats. Tt is evident that
these two factors would have an influence in limiting and in bring-
ing to an end plague amongst the rats.

Again, it was found both in Bombay and in the Punjab that
breeding of rats goes on all the year round, but that it is especially
vigorous during the season between the end of one epizootic and
the beginning of the next. During this interval there would, there-
fore, be added to the rat population a large number of young
susceptible individuals, a factor which would evidently influence
the rise of the epizootic.

3. Variation in the number of fleas.

It is not only & priori certain, but it has also been experimentally
proved by the Commission, that the rate of progress of a plague
epizootic is in direct proportion to the number of fleas present,.
The questions, therefore, to be answered are ; (@) Is there in nature
a seasonal variation in the number of rat-fleas 7 and (b) if so, does
it correspond to the rise and fall of the plague epidemic ?

The: Commussion have obtained answers to these questions
In Bombay and in the Punjab it was found that there is a
very definite seasonal prevalence of rat-fleas. And it was further
found that the plague epidemic season corresponds  with the -
greatest prevalence of these fleas, while in the months when plague
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is at its minimum the fleas are fewest in number. No direct
evidence was obtained to show what factors are concerned in this

variation in the flea prevalence, except the few temperature experi-
ments already mentioned.

Other factors which might possibly influence the seasonal
prevalence of plague have been considered, but no evidence could
be obtained that they came at all into play. These factors were;
(@) other climatic conditions, such as rainfall and humidity ;
(h) variation in the virulence of the plague bacillus ; (¢) influence
of climatic conditions on the life history and habits of the rat or on
the life history and habits of the flea or on the habits of man.

We may in conclusion of this part of our subject sum up as
follows :—

The rise of a plague epizootic depends upon ;

(@) a suitable mean temperature, something below 85° F.;
' (b) a sufficient number of susceptible rats; and (c) a
sufficient number of rat.fleas.

The fall of a plague epizootic is determined by some one or all
of the following factors:—

(@) a high mean temperature, 85° F. and above; (b) a dirqi-
nution in the total number of rats and an increase in

the proportion of immune to susceptible animals; and
(¢) a diminution in the number of rat-fleas.

C.—CoNCLUSION.

As we have throughout insisted on the fact that the epidemic
is wholly dependent upon the rat epizootic, it is now evident that
our conception of the seasonal prevalence of human plague in a
city such as Bombay is complete.

In the case of a large Province with scattered towns and villages,
in only a few of which the disease persists simultaneously in the off.
season as acute rat plague, we have still to explain the outward diffu-
sion from these centres during the rise of the epidemic. Granted that
the factors, which, as we have seen, govern the seasonal prevalence
of the disease, are favourable, we have only to seek for some easy
and ready method of importation of the infection fw_m vﬂia.ge to
village, in order to arrive at an explanation of this diffusion. We
have already considered this question of importation and have
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come to a very definite conclusion on the subject, which need not
now be repeated. The conception that importation from village
to village—villages which had been infected in previous epidemics
and villages which had never been infected before—is the determin-
ing factor, in addition to the factors already considered, in the rise
of the epidemic in a province such as the Punjab receives further
support from the following considerations :—

(1) First, importation is the only way in which a village first
becomes infected. If a village becomes infected in
this way to begin with, why not a second and a third
time ?

(2) Secondly, the work of the Commission shows definitely
that importation is not only possible but extremely
probable. It shows that it is the only possible way
by means of which the villages in the neighbourhood
of Bombay become infected year after year.

(3) Thirdly, a careful study of a Punjab district has shown
that a history of possible importation could be obtained
in 80 per cent. of the villages which became infected.

The question of how importation is brought about has already
been considered and need not now be entered into, except to
remind the reader of the conclusion that it is dependent solely
upon the conveyance in different ways of infected rat-fleas from
place to place.

Our conception of the causesof the recrudescence and of the
geasonal prevalence cf plague in a large area like the Punjab may,
therefore, be stated as follows : The non-epidemic season is bridged
over by acute rat plague accompanied by a few human plague cases
in the towns and villages, the disease being kept in check by one
or other of the factors which, as we have already shown, act in
this manner. When the conditions which are suitable for the rise
of the epizootic become established, the disease rapidly increasesin
the places where at that time it was present as acute rat plague
and then spreads outwards from these foci by the conveyance of
infected rat-fleas from village to village, these fleas being the
starting point of the rat epizootic in the uninfected villages. The
decline of the epidemic is determined by one or more of the
three factors we have already mentioned.
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Parr IX,.—GENERAL CONCLUSIONS.

1. Pneumonic plague is highly contagious. It is, however,
rare (less than 3 per cent. of all cases) and plays a
very small part in the general spread of the disease.

3. Bubonic plague in man is entireiy dependent on the
disease in the rat.

3. The infection is conveyed from rat to rat and from rat to
man solely by means of the rat-flea.

4. A case of bubonic plague in man is not in itself
infectious,

0. A large majority of plague cases occur singly in houses.
When more than one case occurs in a house, the
attacks are generally nearly simultaneous.

6. Plague is usually conveyed from place to place by imported
rat-fleas, which are carried by people on their
persons or in their baggage. The human agent not in.
frequently himself escapes infection.

7. Insanitary conditions have no relation to the occurrence
of plague, except in so far as they favour infestation
by rats.

8. The non-epidemic season is bridged over by acute plague
in the rat, accompanied by a few cases amongst
human beings.
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