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REPORT

B@ARD OF HEALTH

SECOND OUTBREAK OF PLAGUE
AT SYDNEY,

1902

BY

J. ASHBURTON THOMPSON, M.D., D.P.H., President
f:.#.';:.lr Medical Offeer af the Crovernmend,

PrEFACE.
July 31st, 1003,

Ox reviewing the events of the epidemic of 1902, it appears that they justify
and enforce the advice on management of epidemic plague which was given in the
official * Report on the Outhreak of Plague at Sydney, 1900"; this, therefore,
need not be repeated on the present oceasion, which will be used to investigate
further the causes of epidemie plague.

2. In other parts of the world, the maintenance and spread of plague are
aseribed to human lntr:l'r:nul'e-c—ﬂlmctly with the sick, or indirectly through articles
which have been infected by them—and to place-infection.

3. It has heen shown that the epidemic of 1900 was not eaused by dirvect
communication with the sick, nor by diffusion of infected articles, nor by place-
infection. These observations on the mode of spread we have now had opportunity
of checking. They have been confirmed and amplified.

4. The share which may be played by the rat in causation of epidemic plague
has been left a doubtful matter by the evidence which has been gathered elsewhere.
All that has been ascertained is that man and the rat are suseeptible of an identical
infection. That plague is primarily a disease of the rat; that it is commonly com-
municated to man from the rat; or that man and the rat in uswal ecircumstances
of propinquity are reciprocally infective, have but been shown to be probable
conjectures ; for it has also been said* that sometimes an epidemic has taken
precedence of the epizodtie, and even that in different places each has run its course
unattended by the other. In short, no more than an oeeasional, though frequent,
concurrence between the two has heen remarked, and the question whether epizodtic
plague be a cause or an incident of epidemic phﬂuc has been left unanswered by the
observations thus far recorded in other countries.
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5. Here, in Sydney, we formed the opinion in 1900 that plague-rats constituted
the sole source from which the infection was communicated to man. A good deal
of evidence in support was furnished, but it was, and under then eircumstances
almost necessarily was, incomplete. It has now been largely supplemented. How
far it reaches towards demonstration of eausative association between plague-rats
and individual ecases of plague is left to the reader’s judgment. It is shown below
that the task of fully examining into, and of exhibiting, the relationship referrved to
is one of great difliculty in any city.

6. But supposing the invariable precedence of rat plague and a constant
association of plague-rats with individual plague cases to be established : Another
and important ditliculty presents itself, which is that in all probability the rat
unaided cannot cause epidemic bubonic plague. An intermediary is necessary to
convey this septiciemia of the rat to man. Whether that intermediary may consist
in inanimate objects on which plague-rats have deposited the infection in a way to
facilitate its effective contact with man, is a question which is diseussed at length
below. Some ground for answering it in the negative is there shown.

7. It has been alrendy noted (Report, 1900, p. 38) that Simond had suggested
in 1898* that therequisite intermediary might be furnished by the flea and the bed-bug.
Personally, I had accepted this snggestion before the disease had appeared here, on
the ground that it served to explain a greater number of reported, and apparently
discordant, observations than any other which had been made; and when the first
case of the epidemic of 1900 occurred which, as it happened, indirectly exemplified
it, I took it for guide, although the proofs addueed had remained uncorroborated,
and although direct experiments by Nuttallt (which were made, however, with
Cimex only) had yielded negative resnlts. By the end of that epidemie it had been
generally accepted in this Department on the ground that it, and it alone, appeared
capable of co.ordinating the observed faets; and, notwithstanding an adverse remark
on “rat-fleas™ made by Netter}, and vivacious contributions on the same subjeet
by Professor Galli-Valerio§, which intervened, we regarded it with similar favour at
the end of the seeond epidemie.  Attention has now been given to determining the
species of the fleas which infest rats in this part of the world, to variations in their
frequency on rats at different times, and to examining into their ability to bite man.

8, The importance of the forezoing remarks, which, to those who are content
with the simple theory which is expressed in the one word “rat,” will appear
recondite and superfluous, lies in this: That while our experience rezarding non-
diffusion of the infeetion by dircet or indireet communieation with the sit.?k and
non-maintenance by place-infection, is not the same as has elsewhere been recorded,
it has yet been acted upon by us with an apparent diminution of the number of
persons attacked, together with large saving of direct expenditure, and avoidance of
many of the indirect oceasions of loss to individuals which, in spite of our advice,
were caused to operate so largely during the first epidemie,

9. And now, unnecessary though it be to repeat all the adviee on manacement
of epidemic plague which was given in 1900, because it has but been eorro
by the further experience of 1902, it is vet well to reeall the most important of the
lessons which we then ineuleated. This, repeated to-day with the emphasis which such
corroboration warrants, runs as follows :—The promise of safety for the future lies
neither with attempts to prevent the importation of plague-rats (which must fail
from time to time), nor with atiempts to exterminate the rats infesting the locality
to be defended (which we have learned is practically impossible), though both of
these measures have their valuable uses, hnt in habitually excluding rats from
inhabited premises. T'his, manifestly, is a defence which can le set up suecessfully
by Local Authorities; it requires persistent effort, but involves hardly any
expenditure of municipal funds,

Parr I,
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Part I.—The Epidemic.

10. The last case of the epidemic of 1900 was notified on 9th August of that
year. An interval of rather more than fifteen months ensued, during which careful
wateh was kept for commencement of the recurrence which was feared ; but among
the many cases which were reported for diagnosis during its continnance, there were
but two which afforded good ground for primd facie suspicion, and after investization
it was shown that both were due to streptococeic infection.  'The rals which infested
the areas on which cases had arisen were also watehed until it appeared probable
that the epizodtic of plague which had prevailed among them had died out.

11. That long interval was determined hy attack of a man on 4th November,
1001; hiz case was notificd on 12th November. A free term of thirty-four days
ensued, and then, on 8th December, a seeond man was attacked, After a further
free term of about thirty-five days, a woman fell ill on 10th or 11th January,
1002, During these two intermissions several cases of illness were reported for
diagnosis, but no case of plague, nor any in which there was real ground for doubt,
was among them. 'I'he epidemic declared itsell with the third case, and, as the last
patient was attacked on Sth June, it may be referred to conveniently as the epidemic
of 1902. It consisted of 139 cases, of which 39 ended fatally, and is the subject of
the present account,

12. On 6th August, however, one further ease oceurred at Neweastle, It was
“indigenons " to that city, but, thanks to the measures immediately taken it
remained solitary, and the danger to which that important seaport had been exposed
was averted. It is separately described below,

MANAGEMEXT OF THE EPIDEMIC.

13. Management of the epidemic rested with the Board of Health. Mr.
Edmund Fosbery, C.M.G., who had been appointed by the Board to act as President
during my absence on leave, and the Principal Assistant Medieal Officer of the
Government and Alicro-Biologist to the Board (Dr. Frank Tidswell, M.1., D.I".IL),
who at the same time had taken up the duties of the chief executive post, occupied
those positions at its beginning. 1 resumed control on 7th March.

14. The method of management differed essentially from that actually followed
in 1900 in three important respeets. First, in 1900 we had pointed out, in the
eourse of our report on the case of A.P. (Case 1), dated 7th February, that the Coast
Hospital was the only snitable place to which plague cases could be sent for isolation
and treatment, ﬂnl{ had repeated this recommendation several times during
the earlier part of the epidemic. Secondly, we had announced, on 2nd March
(Case 5), that it was unnevessary to segregate contacts, and that for the future we
should, as a rule, remove only the siqﬁ{ from dwellings. Thirdly, on 231'51 Mm:ch
(Case 32), we had so far expressed our opinion as regards probable diffusion of infection
by merchandise as to give instructions that the Iatter might be removed in the
ordinary course of trade from the Adelaide Bond, which stood on that infected area
which was the first to be quarantined for cleansing. But the head of the Government
of the day declined these several advices; and, as a matter of fact, patients were
strictly isolated in the buildings, utterly inadequate to this purpose, and accessible
with difficulty, which alone the Maritime Quarantine Station at North Head afforded,
all contacts were segrezated at the same place, and cleansing areas were as strictly
closed, or ** quarantined,” during cleansing as physical circumstances permitted.

15. In 1902 ouradvice was implicitly accepted ; and consequently, as regards
the three points mentioned, we did as we had wished to do in 1900. First, the sick
were sent to wards within the Infectious Diseases Division of the Coast Hospital, where
they were dealt with almost exactly as though they had been suffering from measles or
from some other of the commoner infectious fevers; the only difference was that
visitors, though discouraged, were more freely admitted than would have been the
case had the disease been measles in fact. No other special precaution was taken
than that of rendering the wards rat-proof ; and the general economy of the hospital
was disturbed only by the number of patients sulfering from this one tlls’aﬁsli- for

whom
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whom accommodation had to be found. Secondly, the sick alone were removed
from their dwellings. The other members of the households to which they belonged
were not interfered with. They were told that their premises were probably infective,
and were advised to withdraw from them until they had been disinfected, when the
cirenmstances required this, but they were never compelled to move ; neither were
they supervised, except for a short time quite at beginning of the epidemic.
Pending eompletion of disinfection, entrance to the house where the patient had lain
was forbidden to all but the residents, but the latter were allowed to go in and
out. Disinfection was always very promptly done, and was usually finished within
thirty-six hours of the patient's removal ; though in the case of extensive premises
the time was much lengthened, and access to theatres, hotels, and the like was
denied to the public until the structural repairs necessary to exelude rats had
been completed. Thirdly, areas which were deemed to be infeetive were rapidly
and thoroughly cleansed, but they were not closed during that operation ; movement
of population and trade were in no way interfered with.

16. These changes constituted remarkable ameliorations. Were they bene-
ficial under all aspects ¥ The following comparison permits the inference that they
were so, and in a striking degree.

TanLE I.---l_.'ll:li]m.rill._g tlia Ell‘id!"ll:'it‘# of 1900 amd of ]1!02, &5 Tl1{ﬂh1bc number of nilncks, fﬂ-tl.!i.t}',

anid cost.
Number of Fniality. |
Epidemie. iy — | - | Cost.
Crses. Deatls. 03 roes. Chiness 'FJl:I.u.qltd.|
| | :
150K 303 103 340 324 176,060
1902 ...I 134 30 B0 2576 ‘ 24,000

Procress oF THE EPIDEMIC.

17. At the Census of 1901 the population of the Metropolitan Registration
District was 457,932, and this included a total of 3,842 Chinese, of whom only 222
were females.  Among the whites 132 cases of plague oceurred, of which 34 ended
fatally ; among the male Chinese 7 cases, of which 5 ended fatally. The manner in
which these cases made appearance is shown in the Table below,

Tape I1—Showing the nnmber of attacks which occarred in each week of the epidemic, and the
number of weekly attacks which ended fatally ; together with the number of cases notified during

cach week.
| Aikacks, l]nt]l:.| Notificatioms, | .ﬂ.l-tl-:'h.‘ Dl.'ll:l:ll-! Hotilicatbons.
I = R
1901, | 1902 —(eoaidl)
O Novomber 1 0 0 8th week— 1 March| 14 4 16
i (i} 0 1 gth ot ] 0 T
5 I S S 0 TGt g S e 12 5 10
93 | i 0 0 0 Mth =93 15 3 14
T December 0 | i i 12¢h ,, —28 8 1 12
I, 1 Ll 1 1%h ., — 5 April h 0 5
a1 0 0 ) Tt B | $s 1 0 4
8 o | o] o dlasal =g G 3l
1902, 16th . —26 ] = T
4 January 0 0 0 17th  ,, — 3 May o 3 | ]
st week—11 % 1 0 0 18t =100 4, 6 1] 8
Sad ,, —18 o r a (1] 1 I ,, =17 T 3 | b
Srd o —O5 3 3 1 | b 8k ,o—24 . | 2 1 4
dth ,, = 1 Febroary i 0 | i} Slat , —21 | 2 0 1
Ok 5 a b A Fr Bdpd ., — TJune ] 1 2 3
T Sy | 4 T Brd  ,, —14 1 5
Tth ,, —23 o 12 o ] !
| | 130 | 39 \ 139

o
&
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f 18. The first case occurred during the week ending 9th November, 1001, For
thirty-four days it stood alonz ; a second then happened during the week ending 14th
After another interval of thirty-five days a third person was attacked
during the week ending 11th January, 1902, and with this the epidemic bezan. The
first two cases being excepted, during the first six weeks (ending 15th February)
20 persons were attacked ; during the second six weeks, G2 persons ; during the thind,
31; while during the latter five weeks, only 17 were attacked. These figures, which
result from division of the series shown in Table I, column of attacks, in accordance
with the marked inerease in the weekly number of attacks during the seventh to the
twelfth weeks, distinguish periods of increase, state, and decline of the epidemic.
The onset of the epidemic was marked by extreme deliberateness at first, and by an
almost regular aceeleration in its later stages; while its end during the week ending
14th June was abrapt and deeisive. No doubtful eases were met with thereafter.

19. By whom nolified.—0f the above cases, 22 were nolified from public
hospitals, 92 by fifty-five medieal practitioners, and the remaining 25 by stait
medical officers, by coroners, by the police, by friends, and by themselves, in about
equal numbers.

20. Cases veported for Diagnosis—Between 121 November, 1501, when
the first case was notified, and 31st July, 1903, 112 cases of illness, which turned
out not to be plague, were reported for diagnosis.  Only one of them alforded good
clinical ground for doubt, but the morphological, cultural, and inoculation tests
which were applied to liquid abstracted from a swollen inguinal gland failed to
reveal any micro-organism or any infective disease.  One other gave clinical ground
for doubt in a lesser degree, and was shown to be a ease of streptococeie infeetion
connected with a ehronie uleer of the leg.

21. Ambulant Cases.—These did not exceed seven or eight in number
altogether. DBut they. could not be exactly diseriminated, because they were
exhibited both in ]Imrsuns who had personally applied for treatment immediately
after attack and who subsequently ]lms;s:ml through a well-marked illness, and in
persons who had passed through a mild acute stage without medical aid, and who
npqlic-:l for help during eonvaleseence, either for persistent weakness or for indurated
and painful glands. This, with addition of two or three cases which ultimately
eame to light in consequence of late suppuration of glands, is what was observed
during the epidemie of 1900; and, as on that oceasion, the cirenmstances under
which these eases enme to notice render it likely enongh that a few others may have
oecurred in which either advice never appeared to be necessary, or clse was sought
at so late a date that the true canse of illness was not discovered.  Neither in 1900
nor during the epidemic under notice did we note anything which would give
colour to a suggestion that cases of pestis minor oeeurred, or cazes of hsanigﬂ
landular enlargement probably taking their origin from a very mild and suecess-
ully resisted infection with plague. We have no practical knowledge of either of
these described conditions,

23, Clinical Forms.—0r[ the 139 cases, 133 were of the bubonic form, 6 were
of the septiccemic form. These proportions were practically the same as were
observed in 1900, and, as on that oceasion, no case of primary plague-pneumonia
was met with., The general course of the disease was the same as has been already
deseribed (see Report, 1900, pp. 3-7), but the following three clinical notes are
worthy of record.

£3. Mode of Onsef.—This was often sudden. Thus the exact hour of attack
was named by 22 pationts; that is to say, they alleged that having been in good
health they had fallen ill “at 5 o'clock in the morning,” or *“at half-past three in
the afterncon,” &c. In Tl cases, though the hour of attack could not be exaectly
fixed, yet it was ascertained to have been during the first 6 hours after midnight in
9 of them, during the second G hours in 18, during the thind 6 kours in 22, and
during the fourth in 22, 85 in 19 other cases in which nothing exact was noted
on this point, in 8§ the attack was said to have been “sudden,” and in 11 others to
have occurred © while at work.” In 11 cases the onsct was definitely aseertained
to have been gradual.

24.
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24, Onsel Symptoms.~—These almost always consisted in headache and general
malaise, nausea, followed sooner or later by vomiting, and shivering ; a feeling of
feverishness set in early, or else after a few hours. To these symptoms diarrheea
and colic were rather often added. At the onset, also, the patient’s attention was
frequently attracied to the gland in which the bubo afterwards developed. Thus,
in 13 cases sharp and continued pain in the gland, acecompanied or not by perceived
enlargement, preceded all other symptoms, and was the first indieation (hat the
infection had been received ; while in 24 others, similar pain with or without swelling
was noted to have been among the onset symptoms, and to have been noticed as
soon as headache, shivering, &e. had informed the patient that he was ill.

25. Silualion of Buboes.—In 123 instances (32 deaths) the bhubo was solitary ;
in 106 of these it was situated in the inguinal region, having been in one of the
vertical set of glands in 60, and in one of the oblique set in 46 of them. In
10 instances (3 deaths) the glandular enlargements were multiple: in 2 instanees
(1 death) in two regions on the same side; in 7 instances (2 deaths) in the corresponding
regions on two sides; and in 1 instance in two corresponding regions on two sides
of the body. In 6 instances (4 deaths) there was no bubo.

26, Iutereal between Altack and Notification—This can be stated in 189
eases, and was as {ollows :—

Tapre 11L—Showing the interval which elapsed between atiack and notification in 139 cases of plague,

Notified on the day of attack 10
v one day after sii ~mss Ak
» two days after n
o threa - o dsan Ben dsieli e
o four % - i
w five i s ]
o BiE i . st O
4 YD = o B
n eight e it
»  Ting ,.. 53 fes 2
n  bon = W uid 4
L :-I!L.rntl L L1 LT CLE LET) e e 1
» twenty-three days after attack ... i L

Tolal wea 188

27. Iulercal between Notification and Removal—This has administrative as
well as mtiological interest. | It was as follows :(—

Tamie IV.—Showing the time which elapsed belween the notifieation of casor, and their
removal to hospilal,

Removed on the day of notification .., wn A L
w  onoday after = ana i DB
a two days after e i3
Not removed, baving fallen ill in country ... .. P 1L
Died before or at notification 1k

Total . i cin 130

8o that of 124 patients who eonld be dealt with in the ordinary eourse, 118
were removed to hospital either on the day of notification, or, having been notified
too late for removal by daylight, the next morning ; while removal was deferred for
two days in the remaining six cases, because the state of the patient at the date of
notification was such as precluded his immediate removal with safety.

28, Profective Tnoculation.—No ];uhliu, and very little detail, inoculation was
done during this epidemic. Two alone of the ons attacked asserted that they had
been inoculated. Case 2 : The patient was said to have been inoculated (Haffkine) at
Rockhampton, Queensland, nearly 2 years before attack ; this statement wasverified®;
he died. Case 95 : The patient alleged that he had been inoculated (Haffkine) early
in 1900, at Sydney, lut his name could not be found in the list of names of persons
then publicly inoculated ; he recovered.

29. Sex-incidence.—Somewhat more than twice as many males were attacked
as females, In 1900, this proportion was very much larger.
30,

* By Dr., B, Purnett Ham, Commissioner for Public Health, Queensland,
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30, Age-incidence.—The observed incidence was on ages 4 years to 75 years,
About 60 per cent. of the total cases were aged between 15 and 35, and about
80 per cent. were aged between 15 and 45, A larger proportion of persons both
above and below the age-groups mentioned was attacked in 1900,

TioLe V.—Ehowing the number of attacks and of deaths distribated under Sexes and Age Groups,

Age
a 5 10

- L - - b - — e = -

F I | | ‘ | | 1 | | | i [
Box, ML P-LH.|F. M. [P M. |F| M |F|M|F|MN|F .\|.|F.5M.||"-.H. F.| M. | F.

15 =0 25 | B | | 5 | 65 5 | Total

R ——

dl12|a| 8alsa]
| {
301 4|0 4|0 ﬁ‘ﬂ
| | |

-

7l1l2|als]la|o6| 43

25 | 9 :
| |
E?]ﬂ]iﬂﬂ

Deaths... 0| 1| 1

L]

28 | 11
I | |

-
Attacks... 0| 1| 4 5[1 ir_rn 9
| |
0 |
| |

31. Fatality —The total number of eases having been 139, and the deaths 89,
the gross fatality was almost exactly 28 per cent. ; and this was rather more than 6
per cent. below the gross fatality observed in 1900, Some part of this reduetion
may be apparent, and due merely to the smaller number of eases and of deaths dealt
with ; but as the gross [atality of 34 per eent. in 1900 was reduced to 324 per cent. for
whites only, by deduction of 10 cases and 8 deaths among the Chinese, so the gross
fatality of 28 in 1902 is reduced to 25'75 for whites only, on subtraction of 7 Chinese,
and of the 5 deaths which occurred among them. These deductions are justifiable
on the ground that experience has shown that the Chinese (and other coloured
races) always resist this disease very mueh less suceessfully than do the whites,

33, Falalify at suceessive periods.—The fatality of the discase in each of the
four suceessive periods already mentioned was as follows :—

Tanie VI, showing the fatality of the disease during foor suceessive periods of the epidemic.

All cancs, ' Chinese doducted.
Period, = S e ey e (W e ey
Coses. | Deaths | Fatality. | Coses. | Deaths | Fatality.
| |
Barly eases ... ... ... 2 Tede ity Yl Loasibie T
1at- th week ST T 7 | a0 20 | 7 35
s |l S R T 18| 20 67 17 253
RARRTB G oot i v i o 31 U] REE 1 W N i 143
1 E L R T S | 8@ | w3 | 15 5 338
| —— ———
Totals ... .. 130 39 | 280 133 34 2575
| |

33. If the Chinese be deducted the fatality for these four successive
terms becomes 83, 25, 14, and 33. The smallness of the figures dealt with may
account for some irregularity in the series; and if the 4 periods be reduced to 2,
namely, of 12 and of 11 weeks, then (the Chinese being still excluded) the
fatality during them was 276 and 21° respeetively. This seems to point to a
diminishing virulence of the infection. But as the second term yielded but 43 cases
mueh stress eannot be laid on this inference ; and if the fourth column of the
?reeeding Table be referrcd to, it appears that the fatality during the last of the
our periods was rather above that of the first period.  In this comparison, too,
however, the fizures are too small to carry weight. And yet just as it was necessary
to point out that cases which seemed to betoken unimpaired virulence of the infection
were met with at the very end of the epidemic of 1900 (Cases 280, 205, and 303),
so now it has to be noted that of G persons attacked during the lnst fortnight of the
second epidemic, 2 died, while one of these illnesses (Case 134) had a duration of

seventy-five
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seventy-five hours only, although the patient was a man of 24, and in excellent
health at the time he reeeived the infection. Extinction of the epidemic was not
due, then, to enfecblement of the virus, or il in some degree due to this, was not due
to it alone.

34 Flwetuation in the weekly number of altacks—The larger number of
persons attacked during the secomd period of six weeks, was almost entirely
associated with the city of Sydney, and very largely with that central part of the
city along which George-street runs, and which is bounded on the west by Darling
Harbour. That is the eentre of the business portion of S8ydney, and consequently is
more thickly populated during day-lizht hours than any other. The persons referred
to did not live in this locality, or did so in very small proportion; they merely
resorted there during the day, Those of them who resided at a distance did so for
the most part in neighbourhoods which there was no tangible reason for suspecting of
infeetion with plague; on the other hand, they were easily connected with individual
premises in that part of the eity which were either shown to have yielded dead rats
i number, or in the immediate neighbonrhood of which rats actually infected with
plague had been identified. In short, the weckly inerease referred to appeared to be
associnted with wider prevalence of the epizoitic on a Illiekl}'apolmmtctrum&.

CoMMUNICATION BETWEEN SUCCESSIVE CAsEs

A0. This was the subjeet of carveful inquiry in every case. No communieation
was defected or suspected between any ease and a preceding ease, except on
premises which yielded multiple cases; except also the 4 cases which oceurred at 2
adjoining cottages on the l’ml:lﬁn'_.:tﬂn area ; except, also, 3 eases which oceurred in
two adjoining cottages on the Pyrmont area; except, lastly, case 102, Chippendale
arca, with which patient at the time of her attack (15th April) was a woman
who had been seized 20th February, admitted to hospital 26th February, and
discharged therefrom 158th Mareh. Allof the instanees referred toare fully deseribed
in their place, and the nature of their relation to each other is there diseu at length.

Evinesce as 1o Prack ISFECTION.

30. The Plague Commission in India summed up the evidence it had gathered
as to place-infection and the maintenance of the disease by that condition in the
following sentences:—* . . . the universal experience of plague in India
proves . . . that hounses into which the infection of plague las been imported,
whether by men or by rats, are infective . . . "; and *“the general experience
on this question is summed up in the expression eurrent in India that plague is
essentially a disease of locality.”®  What cvidence on this important puint]ijms been
furnished by experience at Sydney ?

- 37, In 1900 the number of dwellings which harboured cases of plague (that
is to say, whether they were or were not adjudged places of infection for those cases)
was 286G, Only 10 of them yielded multiple cases; in 3 of them the secondary
cases oceurred before removal, and at or near the same time as. the primary case;
in 4 the secondary eases occurred after separation from the primary case, and
from the dwelling; and in 3 only did the secondary cases oceur among the
household after its removal from the premises, after the latter had been disinfected,
and after the houschold had returned to them. In this small minority of 3
dwellings out of 286, then, there was primd facie evidence of place-infection ; and
the whole of that inquiry went 1o show that the epidemic was associated with place
in gome sense or another, But this loealisation of the infection was considered
to have consisted merely in the casual presence of plague-rats; and it was pointed
out that infectiveness of some of the premises standing on an area otherwise known
to be infective was just what might be expected to continue notwithstanding
disinfection if it depended on the incoming of infected rats, and not on infection
resident in the place itself.+

38, Further, 221 premises (whether dwellings or places of un‘:r'luymnnt} were
adjudged in 1900 to have been places at whieh 235 cases had reccived their infeetion
(see Diagram C, 1900).

39.

* Roport 1901, par, 221, 1 Report, Sydney, 1900, p. 3.
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3. Now, as regards 1902, we have in the first place to ascertain whether the
second epidemic recurred on the same areas as were allected in 1900; and in order
to judge this broadly, reference should be made to Diagram 1.* On this 208
red spots have been placed which represent a corresponding number of adjudged
places of infeetion in 1900; there are also 86 blue spots which represent the
adjudged places of infection for 113 eases, in 1902,

40. It will be first noticed that red and blue spots are largely mixed together,
and it will also be immediately perceived that on any hypothesis of spread, this
must have been so to some extent, the reason being that while both sets of spots
represent cases in man, the population among which they oceurred was the same on
both oceasions, oceupied the same area, and dwelt or worked in the same buildings ;
but on eloser examination it will be found that large areas which carried many places
of infection in 1900 were entively spared in 1902, Secondly, when the individual
premises are examined, it appears that out of the 256 houses which Aarbowred (see
par. 37 ) cases of plague in 1900, only eight again harboured cases in 1992, They
were the following :

1. Central Exchange Coffee Palace.—Case 135 ; cases 52, 53, and perhaps
2 others.

2. 47-51, Sussex-streel.—Cases 2 and 29 ; case 42,

3. Her Majesty’s Theatre and Ilotel.—Cases 2473 and 204; cases 18, 19, 20,
21, 83.

4. Criterion Theatre and Hotel.—Cases 227 and 2306 : eases 206, 27, 20, 31, 32,
30, 40,

5. Louden's Boot Factory, Elizabeth-street, Redfern.—Case 239 ; case 139,

6. Pier Hotel, Manly.—Case 257 ; case 110.

7. Saxton and Binn's Timber Wharf.—Cases 126 and 502 ; ease T8,

8. 80, Windmill-street, Miller's Point.—Case 22 ecase 130,

41, The first 4 of these places were adjudged places of infection in both
epidemics; the next 2 were so regarded in 1900 only, and the latter 2 in 1902 only.
In 1900 the epizoitic extended to Manly, and there was a clear history of removal
of dead rats by the patient, shortly before his attack, from the basement in which
he was chiefly oceupied. But in 1902 the most careful inguivy of the patient, whe
was a barmaid, :I.Il:;ll who apparently gave a full and straightforward account of her
movements during the ten days which preceded her attack, entively failed to reveal
any probable source of her infeetion ; the epizodtic having been ascertained as well
as possible not to have extended to this waterside suburb on the latter oceasion. As
regards the last house mentioned in the above list it yielded in 1900 a single ease of
fulminant plague in a little girl ; the house was old, and presented no signs of
unusual infestation with rats. It was doubtful whether the patient had contracted
the disease on the premises which, however, stood in the immediate neighbourhood
of wharves in a locality lareely oceupied by warchonses, honded stores, and the like
places, and quite near to the lane in which the first case of that epidemic had oceurred
some two months earlier. In 1902 another little girl living in this house, but
belonging to another family, was attacked ; and, again, although the house yielded
some evidence of infestation mnothing definite nor, indeed, very suspicious, was
discovered. But there was this slight difference in the known ecircumstances in
1802—a plague-rat had been collected on April 9th (the case occurred on May 15th)
at Walker's Wharf, which was one of the line above which the house stood on a
ridge. There was thus evidence of infeetion in the neighbourheod in 1902 which
was wanting in 1930, though it may, nevertheless, well have been present then.
Nothing of importance can be added concerning the 5th and 7th of the premises in
the abova list.

42, These 4 cases are, in my opinion, insuflicient to raise a doubt; and the
proper conclusion to be drawn from the whole number is that in those 4

most probably all the circumstances have not become known. The faet is that
of

* Diagram 1 correspords with diagram C attashod to the Roport, 1900 ; Iut whereas diagram © exhibited 235
ipnl-l, liagram I shows only 08, The main reason is that the spots on dingram m?rﬂenind careed, bt those on dingram
represoat plocss ; with the result ihai the number of spots then shown is redliaced by 34, DBesidos this, di I does
neb caver quite as groat an ares as diagram C, aod consequently 10 spots just to the cast of it boundary, amd 3 just to the
south of it, are not shown ; no cases having oecurred in il‘[l]'_’ in the peigh uphosds thys indieated, nor beyond theo

G0—N
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of 6 premises which were adjudged places of infection in 1900, 4 were also
adjudged places of infeetion in 1902, But the total adjudged places of infection
in 1902 was 86 ; it follows that 80 of them were infected for the first time in 1002,
while, on the other hand, 221 less G or 215 houses adjudged to have been places of
infection in 1900 were spared in 1902: whence it is plain that the infection of 1900
showed no tendency to persist on individual premises. It will be noticed, also, that
the 4 premises on which eases were adjudged to have been infected both in 1900
and in 1902, were used in ways known to be likely to attract rats to them.

43, It may be objected that so far cognisance has been taken only of premises
in relation to cases in man, and that all of them were disinfected so effectually
that the virus had no opportunity of establishing itself upon them. But the
statement is that place-infection can also originate with introduetion of infected rats
to premises ; now, althongh all those premises on which plague-rats were found were
disinfected as carefully as though cases, too, had occurred upon them, yet it cannot
e pn:tendud that plagne-rats were deteeled on all the premises which thi}j’hﬂ
visited, or even where they had died. It might be supposed, therefore, that the
80 places of adjudgeld infection, apparently first made infective in 1902, may
really represent that residunm of the many places which had been infected by
plague-rats in 1900, which had then escaped disinfeetion, in which the virns had
(¢) succeeded in persisting, and in which (&) ecirenmstances had sceured its
communication to man in 1902, To this, of course, no direct reply could be made,
But after perusing the deseription of the maode of spread below, the reader will be
in a posiiion to judge how far the ascertained eause of the infectiveness of these
houses in 1002 discounts the speeulative supposition mentioned.

44. I conclude that there is no evidence of the oceurrence at Sydney of place-
infection in the Indian sense, and that the infectivity of premises in 1902 was due
to the presence on them of the plague-rats of 1902

CASES IN WHICH THE PLACE oF INFECTION REMAINED UNDETERMINED,

43. From the total 139D eases, one, attacked on board the ship ** Eulomene,*
may be exeepted ; it is Tolly deseribed below., Of the remaining 138 the place
of infection was determined in 113; and that number of cases were adjudged to
have received the infection on 86 dilferent premises. Remain, therefore, 25 cases in
which the available information did not suffice to indicate any particular place as

robably having been that at which the infection was taken. T'wo of the 25 were
Ehium; 4 of them were idlers or prostitutes; 3 were labourers out of work, who
were taken ill while searching for employment ; 3 others were boys under 15; and
3 were either rat-catchers or seavengers in employment of the loeal authority for the
City of Sydney, whose oceupation led them into special danger at many different
places. There remain 10 cases, therefore, in which it might be reasonably ﬂx;)u:la'l
that the place of their infeetion would be discoverable. The history of cach of them

rior to attack was very carefully inquired into, and although nothing of apparent
importance was elicited, the fellowing data concerning some of them are worth
mention. One was a droggist; one was a zroom, who slept over a stable and in the
same building with his horses’-feed ; another was a clergyman actively occupied in
district-visiting ; another habitually gathered mill-wastes for poultry-feed at places
on the Darling Harbour avea (sce page 31); another was an unemployed man,
apparently not an idler, but whose movements were obscure.  Other 8 were house-
wives, one was a waitressat a restaurant, and onea barmaid (see par. 41). Evidentl
many of these persons ran, or were likely to run, into danger in the course of th
oceupation or idle wanderings, at a time when plague was epizodtic and epidemie,

OriGIN oF THE EripeEMic.

46. The only hypotheses worth serious examination, in our opinion, are the
two following : Either the epidemie depended on a reerudescence of the epizodtic of
1800, or upon a second epizoitic set going by newly imported plagne-rats.  As to
the former, we had reason to believe that the epizoitie of 1900 died out in the cousse
of that year, but the evidence gathered was insuflicient to establish the fact; still,
the recurrence was apparently too long delayed to have been a recrudescence, the

interval
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interval of fifteen months which elapsed before the disease again oceurred having
extended far beyond the time at which generations of new and susceptible rats
had come into existenee. Fuorther, it will presently be shown that the state of rats as
to disease was very carelully, and it is thouglhit completely, ascerfained over the whole
of the threatened area from eonclusion of the epidemie in June 192, to 31st December,
while from the latter date the wharfs were watched in the same thorough way
until far into 1903. Now, the last plague-rat was discovered en 13th July, 1802;
consequently there is good ground for asserting that the seeond cpizodtic, at all
events, died completely out : and therefore, as regards commencement of the second
epizodtie, the balanee of evidence at Sydney appears to tell in favour of reimportation,

ut this matter requires further observation in the ficld, and experiment in the
laboratory, as the short table below concerning Western Australin pointedly suggests,

47. As to reimportation, Sydney remained in the communieation by sea with
all those ports in other parts of the world at which plague existed between August
1900 and November 1901, wkich was described before, (IReport, 1900, p. 21), ports in
New Caledonia alone excepted ; but to them must be added some danger from two
Btates of the Commonwealth, namely Western Auvstralia and Queensland,  The facts
as regard Western Aunstralia ar: shown in the table below :—

Tance YVIL —Ehowing the dates on which successive outbreaks of Plague in the State of Wostorn Australin
hegun and ended,

Year. | H“{“:_:': o Localivy. Iharation.
18908 ... o G | Fremanthe o April S—June 18,
1801 ... & 28 Porth, Fremantle,
nntl Kalpoordie ... March |—AMay 11.%
10 . 3 Fremanthe el May 18—July 4.
1903 ... i Fremanthe woo| Junuary 26— May 24,

® The cases ccourred at Perth and in its suburbs for the most part ; 20t Fremanile, probaldy of local erigin ; and
1 ak Kalgoorlie, a very distant place, thought also to have boen infecoed at Perih,

Fremantle, at the mouth of the Swan River (population 16,367) is the
t of Perth, which lies 12 miles higher up. Vessels coming foreign berth alongside;
hey do not ascend the viver, but goods ave earrvicd up on lighters.

48. The important facts as regards Queensland were as follows in 1931 (—

Tante VI —8howing the eases of plague in rats and in man at Brisbane derine the latter half of 1901,

| Cases in=-

I Rate Man,
July | 30 b ]
Aungust ... = 8 1
September o it p] i
Oetober ... £ i | |
November I B [

Diegember s e 1

49, One ease was also reported from Bundaberg, Q.,on 17th April, and one from
Cairns, Q., on 16th July, both of which are seaports. Thus prior to November, 1901, the
of Sydney was in danger of importing plague-rats from Queensland, with which

it is in daily communication by sea (by rail also with Brisbane), and perhaps also
from Fremantle, though this seems uncertain.  Precautionary measures were taken
against this danger both at the distant ports mentioned and at this port, but these,
as has already been pointed out (Report 1900, p. 44), cannot be relied upon invariably
to prevent it. And it will be seen below that the rat-stafl organised as soon as
oceurrence of Case 1 became known did on the second day of search (15th November)
take a plague-rat at Howard Smith & Co's. Brishane wharf; this being one of a line
of wharfs, on the eastern side of Darling Harbour, at which produce is habitually
landed, and the case having oceurred at a produce store in the eity which was distant
from it. Neverthieless we are not at liberty to assume without reserve that the
infection was brought Lither either from Queensland or from Western Australia; for

& vessel which has received plague-rats at a very distant port has arrived at 3}"'[!1“'-“1’
alter
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after a voyage at sea which had lasted so long as 29 days with some rats still alive,
and actually suffering from plague at the time of her arrival. This oceurrence was
observed in March 1901, and was as follows -

Tue Case oF THE 8.8, * ANTILLIAN."

50. The chartered troopship © Antillian,” a steam vessel of 3,656 tons, entered
Sydney Harbour, March 2nd, 1901, and brought to at the Boarding Station. She
had left Capetown, February 1st, and presented a clean bill of health issued to her
at that port. She was completely fitted for carrying mounted troops, had shingle
ballast, a crew of sixty-five persons all told, no carzo, and no passengers. On bein
boarded by the Port Health Officer (Dr. W. Peirce, M.I).) all hands were report
well except an AB., who was thought (there was no surgeon on board) to be
suffering from pleurisy. Information having reached the Department of the
occurrence of plague at Capetown subsequent to departure thence of the * Antillian,”
the ship was at onece placed under fumigation with burning sulphur, and the case of
the sick sailor reported. Dr. W. G. Armstrong, M.B., D.P.H. M.0.H., for the
combined Metropolitan Districts, was divected to visit the patient ; he diagnosed
plague (Case 1). The vessel was sent to the Maritime Quarantine Station, and the
patient was at once transferred to Ims;}}iita‘!; at the same time inoculation was offered
to all hands, but only ten (mostly officers) accepted, thongh at later dates a few
more were done,

51. The following aceount of Case I, prior to March 2nd, was taken from
the sLip’s log; the remainder was furnished by Dr. Armstrong :—

Case I—0. 0., Norwegian, aged 19; a deck hand, not inoculated ; spoke very little English; was reported
to have been quite well until—

February 27th—Complained of frontal headache and chilliness ; he vomited several times afier
taking a litile food, but had no persistent vomiting, At 4 p m., temperatare 101°; began to fuel pain in
right axilln during the evening; took aperient medicine, which acted freely.

February 25¢h.—8 am., temperature 99°2°; widday, 101°; 8 pm., 103°. There was a swelling in
the axilla which increased in size during this day.

Mareh 13f.—8 am., temperatare 100°; midday, 101°; 8 pm, 108°, The swelling was poulticed.

Mareh 2nd.—Was found lving in hiz bunk inihe forecastle. Faco flushed, conjunctivae injected ;
tongue slightly fureed ; temperature 10057 p. 120, merely fobrile in character and withont tendeney to
dierotism. There is a large edematous swelling in the right axilla, which extends downwards to about
six inches below tho snterior fold of the azilla, n'r]‘un;; the wall of the chest. In 1he upper and anterior
part of the swelling is a well-defined hardness about the size of a walnut, situated beneath the peeforalis
major. The whole of the swelling is very tender, but the hard portion especially ko, The lymphatic
gland above the inner condyle of the right humerus is swollen to the size of a hazelnut, reddened and
temler.  An cnlarged and tender gland can be felt below the angle of the jaw on both sides. There are
neither wounds nor excoriations on the right side of the body,

Aareh 3rd.—Died during the afternoon.

52. On March 2ud Dr. Avmstrong, alter disinfecting the skin thoroughly,
abstracted liguid with a sterile hypodermic needle from the deep hardened area in
the axillary swelling, and from the enlarged supratrochlear gland.” At the laboratory
this was subjected to microscopical, eultural, and inoculation tests of exactly the
same kind as those already fully deseribed (Report, 1900, Appendix A). It was
found to contain numerous bacilli easily recoznisable as b. pestis; and they proved
fatally and characteristically pathogenic for two guineapigs into which some of tl'e
liquid was injeeted.

3. The following account of a sccond case has been abstracted from the
clinical record kept by Dr. A. E. Salter, in medical charge of the Quarantine
Station :—

Cage IT—W. I. W, net. 23, storekecper ; not inoculated. During the night of Marek 11281214 felt
some stiffneas or sorencss aboul the right groin, which he supposed was due to strain,

Aarck 12¢k.—On examination, one gland of the left femoral chain was found to be enlarged,
hard, tender, and distinet ; temperature normal ; no constitutional symptoms. Has had several attacks
of malarial féver during past years. Tsolated for observation,

March 1irh.—Had been delirious during tho night, and had not slept.  State of the enlarged
gland unchanged ; no periadenitie cfusion. Temperature, 105°; pulse, 104 ; respiration, 28, Transferred
to hospital. At midday 60 ce. of Yersin serum were injected subeutaneously ; 40 ce. in the left, and
200 ee.in the right thigh. At 145 pan. had a rigor; temperature, 105°, At 545 [, An attempt was
made to inject 40 cc. of serum into the right median basilie vein, but -.-11]__1.' 1y ee. eould be made to enter:
the remaivder was injected under the skin of the right fank. Omn this date the patient was visited by
the Assistant Medical Officer of the Government (Dr. K. J. Millard, M.E., PLHL), end by De.
Armstrong. Smears were made, and eulture tubes inoculated, with liguid withdrawn from the bubo;
the former showed a pleomorphic bacillus in large numbers which resembled . pesfis, while the latter

in
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in due courss yiclded ure cultivations of &. pestis. Tt was not thought necessary to apply any inoculation
test to this bacillus, the elinical features of the case and the surrounding cireamstanecs having already
rendered the nature of the illncss certain,

Mareh 14th—Had slept fairly well. Temperature, 89 5° morning, rising to 193° evening ; oyes
suffused ; severe headache. At 10 am. 40 ce. of Yersin serum were injected under the skin of the right
thigh; at 5 p.m. 40 ce. under skin of left calf.

March 15tk —Had slept better; urine offensive ; bubo verr painful ; morning lemperaturs, 9067,
rising to 102:4° at night, i

Mareh 21el.—Has progresse] Favourably during the past week.  On this date a profuse uriicarial
rash appeared, attended with much itching, &e.; temperature rose to 1034°. The bubo was incised,
giving exit to from § to 10 ce. of lumpy pus, and revealing a deep but not extensive cavity.

e Mareh 22nd.—The rash and irritation continue ; very little discharge from bubo; “was delirous all
night:

Mareh Blel.—A slough was discharged from the babo; entered on convalescence.

61. On March 2nd Dr. Armstrone secured and carvied to the Laboratories
the putrid carease of a rat (No. 1) found on board the “Antillian.” On the whole
this turned out to be too much decomposed for profitable examination; however,
smears made from the inguinal glands revealed a bacillus resembling b, pestis,
but caltures made from them and from other organs became overgrown in
eighteen hours. On Mareh 4th, the bodies of two more rats, which had been found
dead on the “Antillian,” were reecived.

53. Rat No. 2.—The skin showed very numerons petechial hiemorrhages, the
abdominal eavity was full of blood-stained liquid; the liver was enlarged, soft,
and full of punctate heemorrhages ; the spleen was enlarged, congested, and necrosed
in one or two rather large patches; there were hwemorrhages in the kidneys and
adrenals; the lungs were inflamed and blood-full.  Smear preparations made from
liver, lungs, spleen, and inguinal glands teemed with b, pestis, and pure eultures
were recovered from all these organs. A guineca-pig inoculated in the right thigh
with material from the liver of rat No. 2 died in seven days, and presented the
appearances usual in inocalatel plague; smear preparations made from its various
organs revealed b. pestis in profusion, and pure cultures of b. pestis were recovered
from the latter.

56. Ilat No, 8.—The body of this animal presented exactly the same appear-
ances as have been deseribed above of rat No. 2, and direct and cultural tests yielded
similar results. No inoculation fcsts were made, the nature of the disease being
already unmistakable.

57. The master of the “Antillian,” who took a lively and intelligent interest in
the infection of his vessel, said that there were not many rats on board ; but that, on
the day of departure from Albany (February 22nd), some unusual, though not great,
mortality was diseovercd among them in the course of eleansing operations, about
fifteen carcases having been found and thrown overboard. e also said there were
several good raiting cats on board, and that whereas these cats had occasionally
brought rats they had canght to the bridee for inspeetion, after the above-mentioned
mortality had been noticed they caught (or, at all events, exhibited) no mare.

568. After leaving Albany all the deek hands (sixteen) except the quarter-
masters were employed in cleansing the holds under supervision of the mate and the
boatswain; the log showed that all hands had been thus employed on February
22nd, 23rd, 23th, and 26th, but the work was continued in some degree almost until
Sydney was reached (March 2nd). It was during these operations that the fifteen
dead rats mentioned above were found. The sailors would not touch them—not
beeause any danger was apprehended, it was said, but because they thought it was
“not their work” to handle dead rats—and they were thrown overboard by the
mate and the boatswain (neither of whom fell ill). O. O, was one of the sixteen
deck hands, and was employed with them on the work just mentioned.

590. It has been mentioned already that the “Antillian" arrived completely
fitted for earrying mounted troops, without any eargo or fodder, and in shingle
ballast. But she brought a gquite small quantity of food stores—Dbiscuits, tea,
confec’ ionery, sugar, flour, &e., &2., all of which except 7 tons was securely
cased.  These stores were in charge of W. J. W, Case LI, and they were stowed on
the orlop deck in the most forward of the five compartments into which the hull
was divided by water-tight and fixed bulk-heads. Below this part of the orlop {Ieulxilu.

sIa
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small quantity of dried potatoes was stowed, but the other stores mentioned were
arcelled out among several rooms temporarily constructed on the orlop deck.
uring the cleansing already mentioned these store-rooms were not touched.

GO, The ship brought a elean bill of health issued to her at Capetown, and in
answer to the usual questions her Master stated that neither E:Iugur.— nor any other
epidemical disease existed there at the date of his departure (February 1st). DBut on

bruary 12th news had reached the Department of the occurrence of lplng,ue in man
at Capetown, two cases having been reported under date February 9th, and on the
same date it was also reported that the doek rats had migrated from the South Arm
of Capetown docks and had made their way to Green Point Camp. In view of these
reports the “ Antillian™ had been placed under fumigation with sulphur almost
immediately on arrival, and before the nature of 0.0.'s illness was suspeeted. After
the latter had been clinieally recognised she was submitted to a second fumigation,
which began on Mareh 3rd, and continued till the morning of Mareh 4th, Neither
of these fumigations can have much alfected the store-rooms, since these were
separately built up within the forward compartment. On March 5th the store-rooms
were inspected preliminary to direeting special disinfection, and the earcases of one
putrid and one desiccated rat were then found. The rooms and their contents were
thoroughly sprayed with sublimate solution 1-500 by the Quarantine staff, and
afterwards were Tumigated with burning sulplur. On March 9th, the stores were
transferred to a lighter under superintendence of W. J. W,, Case II (when ten more
carcases were found), so that the rooms might be more thoroughly eleaned ; and
this having been done, they were replaced on Mareh 11th—again, under supervision
of W..J. W. The latter, who Lad not bheen on board exeept on the dates mentioned,
fell ill during the night of March 11th-12ih ; it is, therefore, most probable that he
was infected on March Sth, during removal of the stores, this having been the third
day before attack. Several other persons were engaged in this work, none of whom
fell ill:

61. The previous history of the “ Antillian” was compiled from the ship's
logs, and was as follows.  The ** Antillian™ left Sonthampton towards the end of 1899,
and arrived at Capetown during the month of December.  She remained on the South
Afrienn Coast about seven months, going backwards and forwards hetween Capetown
and Durban; she lay in the stream at the latter port, and usually lay alongside at
Capetown.  On July 23rd, 1900, she left Capetown for Hongkong, vie Singapore.
She reached Hongkong August 22nd, 1900, and lay in the stream ; she disel
ammunition and received coal and stores, but did not go alongside there. Or
August 26th, 1900, she left Hongkong for Wei-hai-wei, where she arrived August
30th ; she lay in the stream. She left Wei-hai-wei October 26th, 1900, and arrived
at Woosung, October 28th; left Woosung, October 20th, and arrived at Hongk
November 1st. 8he lay in the stream at first, but afterwards went into dock a
Kowloon. She left the latter berth and cleared for Durban on November Tth, 1900,
Her further history is tabulated helow :—

Lt Arvived,

11 14000,
Eowleon [ock, November Tth ..o. Dhuthan, Dkcemndser 3rd g I.l.j in the atream.
Iartan, Tecember Tth_........ oo Capetown, Docomber 1ih ; lay alongside at Socth Arm.
Hauth Arm, Decembor 1ih... . irmving Dock, December 14th.
Graving Dock, December 21st... v o Coaling Wharf, Decomber 21at,
Coaling Wharf, Decomber 24th ......... .. .l’l.ur:hncmﬁl.- in stream, Decembser S4th.
Ancherage in stream, December £5th ... Soath Armn, December 27th 7 lay alongside

EET 1900,

Zouth Arm, Jannary 4th .o L Anoherage in stream, January 4th.

Anchorage in stream, January 1ith ... Souih A, Japsary 1lih ; lay alongside,

South Arm, Janoary 12th ... were Pord Elizabeih, Japaary ik ; aschored in siream,
I'ort Elizaboth, dJdanaary ldth. .. .. East Londen, Janua Hith.

Fast Lomalon, Janwary 168th................. Drurban, January 17th ; anchored in stream.

Darban, Jannary 1 oo . Capetown, Jansary 2ed ; anchored in siream,

Anchorage in stpeam, Janwary 20th ... South Avm, Janeary 2Hb; lay oniside the we " Joanit g
North,” across which veasel traffic with the shose was
CITTSL O,

Boath Arm, Janoary 3let oo Coaling Wharf, Janaary 3lst.

Coaling Whasf, Folimuary et ... .0 .. o Bowth Arm, Febiroary Dst ; lay alongside.

Sonth Arm, Fobruary lst . ... Mlmw, WA, Felreary D0th ; anchosed in stroam § tock
coal from o IEIM

Albany, February 23od  .....occocoen e Byduey, Mareh 2nd 3 was arvested at the Beanding-station.

62.



15

62. There is no reason for referring further to any of the ports touched by
the * Antillian" during the fourteen or fifteen months which preceded the date of
her departure from Capetown for Australia; there is an apparent possibility of her
having acquired the infection of plague, but nothing oceurred during her second
term of service on the South Afriean const (of three months) to raise a suspicion
that she actually liad done so. On the other hand, although at the date she left
Capetown that port was not known to be infected with plague, remarks published
by the Director of the Bacteriologieal Institute, Cape Colony ( Dr. A. Edington),*
leave no room for doubt that the rats infesting the South Arm of the Capetown
docks had been dying of some epizobtic disease before February 5th ; and, since the
prevalence of disease among them had become known by that date at latest, it is
almost certain that they had begun to suffer at least a fortnight or three weeks
before. Now, from the log of the * Anfillian™ it appears that this vessel had
lain alongside at South Arm during 1901 on January 11th, January 2Jth, and
February 1st.+

63. The * Antillian ™ lay at Albany for twenty-four hours on Febrouary 21st
and 22nd; she anchored in the stream, and received coal from a lizhter which eame
alongside. As plague has occurred in Western Australia it is necessary to point
out that the first case in that State in 1901 (but see Table vii, p. 11) was notified on
March 1st, and was that of a man who had died at Perth—that is to say, this death
occurred five or six days after the * Antillian ” had left Albany. The latter is
not near Perth; it is a small town on King George's Sound where there is an
execellent harbour, and lies 245 miles south-sast of Perth, with which, however, it
is eonnected by rail.  Other eases subsequently oceurred at Perth, and more at some
other towns ; lj.]'ut. no suspicion of plague has ever attached to Albany either in its
people or in its rats; it has alveady been noted above that mortality among the
ship's rats was discovered on the day of departure from this port.

64. The * Antillian " was returned to service 13 days after her arrest} ; and

33 days after arrest sailed for Capetown, carrying 527 troops and their horses. No

suspicions illness occurred on the voyaze.  She is the only vessel entering the

guﬂ: of 8ydney on which cither plague-rats or eases of plague in man have been
iseovered.

G5. But the mode in which plague is diffused by sea is not always as clearl
demonstrable as in the foregoing instance; and this the following case well
exemplifies.

Tue Case or THE Barque “ Eviomese"” (Case 72).

Gii. The four-masted barque * Eulomene™ left Liverpool October 12th, 1901,
carrying a crew of 34, and a general cargo. She arvived at Sydney January 15th,
1802 (Case 4), and reported one death from dropsy during the voyage; she was
admitted to pratique the same day. She lay in the stream until January 21st, when
she went alongside Federal Wharf and discharged cargo: 800 tons, consigned to
Newcastle, were retsined on board. On February 26th she left FPederal Wharf and
lay in the streara till March Gth (Case 49

G7. Rats from TFederal Wharf had been examined in the laboratories on
November 22ad and 23ed, and from Federal Bond on November 23w, 23th, 26th,
and 28th, 1901 ; between March 5th and April 13th, 1902, 186 rats were collected
on the wharf on 25 days, of which 45 were examined in the laboratories; in all
cases the result was nezative, and there was no history of unusual mortality among
the rats at this wharf,

G8.

" The Lawssf, June Sth, 1901,
+ 1t is necesmary to note bere that Dr. Edingbon did nat suseesl in collecting any rate at Soath Arm desks for six
nfter the search commenesd @ that the carcase of a ral wisol bad recently disld was doliversd 1o o oo the seventh
day 7 that he fouml that this rat bl died of an iofective A amd that while be was umaldo o namo thia
disease he consislered it was vae plaguws.  Manifesily little importance aiteches to this failare o adentiiy dissse in a
single caroaen,
£ Contrary siatements eontained in the Local Government Beanl's * Beports aml Papers on Bulsonie Plagiee, 1002,
ArE ErPONeaiE,
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i8. On March 6th, before her departure for Neweastle, the vessel was handed
over to the Fumigating Staff, under Captain Tait, in accordance with the Order in
Couneil of November 21st, 1901 ; it was subsequently reported that this fumigation
was very thorough, and that after being detained not less than six hours under
sulphur, she had sailed. The hatelies Were opened at sea, and the holds were
searched for dead rats as soon as they could be entered by the crew ; the Master
said that many fresh earcases were found, as well as some rats which were alive,
but stupefied ; altogether about 40 were thrown overboard. On arrival at Neweastle,
on March 7th, the ** Eulomene " went straight to the Dyke and shipped 500 tons of
coal; on March &th she went alongside at Queen’s Wharf and discharged the 500
tons of eargo; she left Queen’s Wharf March 20th and made fast to No. 1 Dolphin,
Stockton.

G9. On March 17th (or ten days after arrival) F. J., 43, ship’s steward, was
taken ill, and was attended on hoard by a private practitioner, under whose direction
he was removed to the general hospital on shore. On March 19th his case
was reported as suspicious, and the Medieal Officer of Health for the Hunter
River Combined Districts (Dr. Robert Diek, M.B., D.P.H.) was directed to
examine him. On the 20th Dr. Dick reported that smears made with liquid
withdrawn from the right axillary bubo which the patient exhibited showed a few
micro-organisms resembling b pestis, and that agar-tulies inoculated with the same
liquid had yielded pure cultures of &. pestis, after 24 hours' incubation; he sub-
sequently further reported that a guinea-pig inoculated with the liquid had died of
plague, as aseertained by the usual processes.  These results, at Dr. Dick’s request,
were checked, as far as possible, and were confirmed, in the Departmental laboratories.

70. The Port Health Officer (Dr. R. U. Russell) was at once directed to
place the vessel in quarantine, and to cause her crew (who on her arrival at Neweastle
numbered 22} to be eollected on board with assistance of the Water Police; on
the 21st she hauled off into the stream. A further fumigation with sulphur was
carried out, and a very thorough search for rats afterwards made by the Quarantine
Staff, under Dr. Russell’s supervision. About 20 desiceated earcases were found,
but only two recently dead rats and one mouse; the latler were examined by
Dr. Diek and furnished no evidence of plague. All on board remained in zood
health, and after 5 days detention the * Eulomene” was admitted to pratique. At
the same time the 500 tons of earzo landed at Newecastle were traced to various
bonds and stores, some in fowns at a considerable distanee; they consisted of cases
of havdware, crates and eisks of ecarthenware, cases of whisky and beer, bales of
paper and of other such goods, many of which were likely to harbour rats. It was
found that some of these packages had Leen opened already ; others were opened
with precautions, under supervision, but it was reported that no rats were found in
any instance.

71 In the meantime the patient bad been removed from the general hospital
to the Maritime Quarantine Station at Stockton, Ilis illness was not very severe, and
e was able to give the following information whieh, on the whole, was corroborated
by enquiry of the Master and some members of the erew. He said that while the
ship lay at Sydney fresh meat and vegetables were furnished by a ship’s buteler in
Erskine-street. A hag or two of potatoes were supplied at a time, and were kept on
board in his store; on several occasions, on putting his hand into the bags, he
cnconntered rats which were stupid cr sluggish, so that he had had no diffieulty in
destroying them, and had not been bitten by them. Ie said he had thus found 6
rats at least, on different oceasions, and for the last iime some fow days before
leaving Sydney.  On being questioned the butcher admitted that be had ot some
of the potatoes at all events (he was reluctant to furnish information) from a
produce salesman trading at Nos. G1-63 Sussex-street. At this store no plague rats
had been found, and no case of plague had ocemired; but at No. 41 (ten doors
away) plague rats were got on February 18, 19, and 20; at the Union Company’s
wharf on February 19; at the North Coast Co.'s wharf on February 23; dead rats
had been seen by officers of the Lepartment at Campbell's produce store, 49-51
Bussex-street, and Case 42 geeurred in 2 man employed there as a earter, who was
attacked February 27 ; and plague rats had been got from Huddart, Parker, and
Co.'s wharf on February 28 : all of these premises being close together on the an[{na

side
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side l::f Bussex-street—that is to say, on the eastern side of Darling Harbour—as the
premises of the produee salesman who sold the potatoes to the ship-butcher, who
supplied them to the * Eulomene " while she lay at Sydney.

72. The above are the facts of this case, as far as they could be ascertained ;
they must not be taken for more than they are worth. For instance, it is quite possible
that at some time or other before March 5, during the “ Eulomene’s " stay there, the
Federal Wharf may have harboured plazue rats, of which specimens were secured
fmm other wharves at no gl."'llilt. distanoo. The ﬁhi[}'ﬁ rats may also have Imnnm{;
infected during her long stay at a whasf in an infected neighbourhood in other ways,
as exemplified by the steward’s account, which latter seemed trustworthy as regarded
the important points. Secondly, alter the first fumigation at Newcastle, twenty
desiccated carcases of rats were founl. Now these eareases hardly could have been
killed by the first fumigation (March ), becanse the interval between it and the
date on which they were discoverad (March 22) was not long enougzh for desiceation,
or, n% it was {Ilf,".i«l}["lhl.}ﬂ, mummification. Did these desiceaied 1‘.:111:;5(-5 represent the
result of a foregoing epizodtic which occurred while the ship lay at Sydney, or did
they represent merely the turning out of gradually aceumulated carcases from parts
of the ship rarely cleansed ¥ There is no reason to doubt that the two rats and one
mouse found after the second fumigation represented all that the ship then earvied
alive; both the fumigation and the subsequent search were most thoroughly earried
out, and the result was aceepted as proof that she was not then infected, so that she
was forthwith released from quarantine. The fact that one only of the twenty-
three persons on board was attacked is not evidence that the vessel had not been the
subject of general infection; our experience has shown that when the infection is

resent, as proved by the oceurrence of one ease, very often no further cases oceur.

ut the one person infected in this instanee was the steward, and according to his
aceount he had been specially exposed.  Was he infected directly from the sick rats
he took out of the potato bags? This cannot have been the ease, because he was
not attacked until ten days after he had left Sydney, and the last oceasion on which
he had eaught a rat was several days, as he said, before leaving, For similar
reasons he cannot have been otherwise infeeted at Sydney, for he had not been ashore
there for nine days before he arrived at Neweastle, or nineteen days before his attack;
and he was not infected on shore during his stay at Newenstle, because there had
never been plague there, and the solitary case which afterwards occurred under
circumstances which require separate deseription, was not attacked until August 7,
or about five months afterwards (sex page 49). Ile must have been infeeted on
board his ship; and, as he exhibited a bubo, he was infected by inoculation;
that being so, it i3 unlikely that he received the infection earlier than March 14, or
three days before his attack. Whence was he inoculated ¥ The choice scems to lie
between contact with deposited infection and inoculation by a parasite.  As to the
first, the infection might possibly have been deposited by the sick rats he caught;
but in that case it must have survived in virulent form for ten days at the least, or
for about fifteen days (namely, from the date of the ship's departure from Sydney, or
from that date a few days earlier on which he had seen the last of the sick rats) ;
besides which the cuticle of the extremity had not recently been broken (sce
Further Observations on the Mode of Infection, p. 63). Certainty cannot be reached—
I may almost add, of course; for although epidemiological problems ave resolved
by induction from collected cases, it often happens to be impossible to show
that a particular instance exemplifies the solution. I conclude, therefore, by
pointing out that these notes suggest an analogy with certain oceurrences of yellow
fever on board ships.

73. The * Eulomene” sailed from Newecastle for San Franciseo, where she
arrived July 24. A rumour was heard that her master was ill on arrival, and subse-
quently died, of plague. By favour of the United States Consul the Medical Officer
of Health received a copy of a report made on the ease to Surgeon-General Wyman,
Public Health and Marine Hospital Service of the United States, in which it was
clearly shown that the disease was beri-beri, and that there had not been any suspicious
illness of any character during the voyage of the vessel to that port.

s0—0 Part 11
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Part II,—Mode of Spread.

SUBDIVISION OF THE AFFECTED DISTRICT INTO AREAS.

74 I now enter on a description of the mode in which the epidemic spread.
This has been designed so as to place the reader in the same position as those who
watched the events as they occurred from day to day, as far as possible; and, in
orider to make it more easy to grasp, the parts of the eity in which indigenous cases
of plague were met with have been divided into areas, to which the following names
have been given (see Diagram I1) :—

I
Area, | Arca, Ares,
!
South-central. | Central, . Nirth-eenteal.
Paddington. | |F:'|'I'|.i1ls [arbowr, Houth-west-central.
Clippendal, [ Woolleomoalso. Sonth-past.central.
Alexandria and Waterloo. Campordown. Pyrmont.

75. As a rule, the description of the epidemic on each area dealt with has been
completed, a plan which has obvious deawhacks; but the alternative, which is to
deseribe the cases in their time-relation, could lead to nothing Lut confusion, and
may be dismissed as impracticable. The deseription of the South-central area alone
has been interrupted to admit that of the sub-epidemic on the Paddington area. No
“area” las been assigned to 4 isolatel cases which are adjudged to have been
imnfected at 4 widely separated places.

76. To deseribe all the eases, and even all the aveas, would invelve a good déal
of repetition owing to gencral similarvity of the fucts; some have therefore been
seleeted.  They eonstitate a large majority ; Lut, in an inquiry of this kind, it is
important that the reader should have some means of jndging whether anything of
real importanee has been omitted.  For this reason a Talile has been inserted in the
Appendix, in which every ense 15 mentione:d under its serial number, and a reference
given to some of the paragraphs in which those which have Leen deseribed may be
found. This Table also shows the date of attack in each ease, the 86 adjudged places
of infection for 113 of them (that is to say, the number which remains after 1 casé
excepted, and 25 cases in which the place of infection remained undetermined, havé
been dedueted from the 139 eases in whicl the epidemic consisted), and the area
within which 82 of thoese places stood (see par. 75, end).

S0UTH-CENTRAL AREA.

T7. The fullowing Table shows the eases which oceurred on this area :—

Tepre IX.~Showing the serial number, date of attack, adjudged place of infestion, and residence of the
8 eascs which occurred on the South-central Area. )

Berial Mo, Date of nttnck. Adjudged place of infection, | Residence.
ot = 1 ]
|
1 | Nor. 4, 1901 b | Eston's Store, Hay-street  ...| Alexandria,
4 | Jon. 12, 1902 b | 284, Castlereagh.street .+.| The same,
16 | Feb, o, 1902 v BTG, Pitt-street wi L | T
3 ‘ April & 1802 . | 137, Liverpool-strost ... «oe| Marrickrille.
112 | e 27, 12 ool 20, Campbellstroet |, | The same.
114 B0y 502 e B oulbuern-sd et c g
117 | May 3, 1002 | 20, Campbellstreet W
124 | n 13 1002 . | 2, Camplell-sireet .., i,
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) . Case 1L.—R.B., m, aged 17, not inoculated, was suddenly altackod with headache and rigors after
reaching his place of employment on the moerning of 4:h November, 1901, He immediately retorned to
‘i ﬂ:ﬁam&, and lay there under care of hLis elub surgeon until 8th November; he was then trans-
ferred to Prince Alfred Hospital. is easo was reported to the Department on L4th November ; he was
vigited by the Assistant Mﬂﬁiml Oificer of the Governmont (De 0t J. Millard, M.B., D.I"H ), and was
removed to isolation the same day.  His removal was determined by purely clinieal considerations, for the
morphological test which was applied to liquid abstracted feom the right femoral buba he exhibited
failed to reveal the bacillus of plague; but the enltural asul inseulation tests which were begun at the
samg time yielded poeitive results in due course.  Ultimately the patient recovered.

78. R.B. resided with his family of 6 persons in a two-storied brick cottage at
Alexandria, some 2 miles away from his place of employment.  These premises were
very carefully examined on the day his ease was veported, but nothing of importance
was diseovered ; they were in fair general repair, maintained in average good order,
and furnished no evidence at all of infestation with rats. No illness oecurred among
the rest of the houschold. He was employed, slong with three other men, at a
produce store in Hay-street, in the City of Sydney, which will be further referred
to as * Exton’s store,” and these premises were also examined as soon as attention
had been directed to them by his ease. They were found to be one of 13 houses
on the frontages of a very small block which was oceupied in large proportion by
gasometers, the extensive and lofty building of a * universal provider,” and a
church. Eleven of them were used as produce stores, one was a seedsman’s, and one
‘@ small hardware store; that is to say, they were chiefly used in ways most likely to
attract rats to them. They had behind them a small eommon yard, in which four
of these traders, who were Chinese, had erected stables and feed-rooms. Exton's
premises were in fairly good repair, hat offercd abundant evidence of infestation
with rats; and on raising the wooden floor 69 careases were found. OF these
68 were too putrid for any uscful examination, but one was quite fresh; it
afforded the usual microscopieal, eultural, and inozulation evidene: of plague. This
animal, then, had lately died of plague; and it iz a very reasonable assumption that
the other €S had also died of that dizease at somewhat earlier dates. No case of
plague occurred among 1. 1.'s 3 fellow-lahourers at the store, and none was heard
of among the persons who had frequented it, for no further ease came to notice
during the ensuing 5 wecks,

79. The cleansing-staff immediately went through the block, and in the eourse
of their work diseovered 18 more putrid carcases. These are said to have been
found outside buildings, for the most part, at least, but no note on this point was
made at the time. No other of these houses, however, afforded evidenee either of such
infestation as was discovered at Exton’s, or of any unusual mortality. There are here
three noteworthy points : Our general expericnes as far as it has gone shows that only
a moderate or even small proportion of adjacent premises may be infested with rats
(apart from question of plague) although from their structural state and use nearly
a.llP:f them appear equally likely to be so; of which a further and detailed instance
will be given below. Further, it appears that often the epizootie is larzely confined
to the rats inhabiting particular premises, and at any one time probably affects but
a small proportion of the total rats in the district. Secondly, from both epidemics
we bave evidence of cstablishment of centres of infection by a mode of trans-
portation from the local fous ef origo which docs not eause infeetion of the traversed
interval, and of slow and ireegular spread of the cpizontie from them ; while many
ad t buildings might at the same time harbour a plague-stricken horde, on the
whole this appears tu%c scldom the case. Lastly, it will be abserved that bhut one
carcase was found which was in a state to admit of its bacteriologieal examination ;
all the others were advaneed in putrefaction. Our gemeral experience is that while
dead rats are often found in a number which indicates some unusual cause of the
-mortality on premises to which attention has been direeted by occurrence of a ease
of plague in man, it is quite unusual to find them early enough to allow of
demonstration of the nature of the disease of which they have died. We have been
led by observation to consider that discovery of several carcases at about the same
8 of putrefaction on premises where poizon has not been laid, is good evidence
of disease in epizoitic form.

80. Efforis were also made at onee fo ascertain the provenance of Exton’s
stock, and steps were taken to re-organise o rat-catching stafl.  As to the foriner, it
was said that some of it came in by rail from country districts in this State where, of

course,
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course, there was no plague ; but the greater part eame in by sea, and was landed
at the wharfs where this trade is cluefly earrvied on, those, namely, on the eastern
shore of Darling Harbour. This portion chiefly arrived from South Australia,
Tasmanin, &e., &e, and it was said that none had been received by him from
Queensland.

81. The rat-cateliers got to work on 1(th November, and on 15th November
they made their first return.  They were instrueted to attach the addresses at which
they had caught the rats to the carcases, and to bhand them in to a foreman, who
recorded them, cach morning. This stafl was further instructed to forward to the
laboratory the bodies of all rats apparently sick on discovery, and the bodies of all
which were gathered on premises where there had been unusual mortality among
them.  Carcases thus seleeted were examined in the laboratory; but the method
of selection was imperfect. It was not until 1st April that all rats taken by this staff
were handed in at the laboratory and systematically examined there.

82, The neighbourhoods in which the staff worked during the days now nnder
notice were the line of wharves already mentioned, the buildings from the head
of Darling Harbour towards Exton’s store, from the latter westerly along Geo
street, and additionally along the line of that gutter or natural surface depression
which ascends from George-street in a scutherly direction to the Newtown-road.
To speak for the present of the first 10 days of this search only, 1,637 rats were
caught at 28 wharfs, and at 115 different premises, which included many produce
stores, hotels, eating-houses, and provision shops, on or about the line above
indieated ; 117 were selected and were forwarded to the laboratory. Thus the rals
on the area which there was most reascn to suspeet (in part from our former
experience) were examined., It would have been better had all those caught been
delivered at the laboratory ; but it must be remembered that had this course been
taken, the examination wounld not (and it never could) bave amounted to more
than a sampling—to examination, that is, of the rats in some of the innumerable
hiouses which stood on the area referred to. Further, seleetion of the buildings
visited was largely governed Ly willingness of the oceupants to admit the rat-
calchers at night.

83. On the second day (15th November) of the search a plague-rat was
deteeted among those referred to the laboratory, It had been eollected at Howard
Smith & Co.'s wharfs, and at that one of them which is ealled the Brishane Wharf
(see par. 49), although it is understood not to be exelusively used by those
vessels of this firm’s fleet which trade lLetween Syduey and DBrisbane; they are
wharves at which mueh grain and produce are handled, and adjoin those wharves
at which Exton’s stock in part was landed—the detected infection of this Brishane
wharf betokening, of course, probable infeetion of other wharfs in its immediate

neighbourhood.

84. No other plague-rat was found until the ninth day of search (25th
November). A second produce dealer, named Jones, then reported that the rats which
infested his premises at 81, George-street West (about 43 chains westerly from Exton’s)
were dying in numbers,  The store was at onee closed and searched; no less than 154
carcases were discovered, and 35 living rats were killed. Here, it seems, the search was
made quite early in the outhreak, and before the animals had recognised the expediency
of leaving the premises; and it was easy to demonstrate that plague was the cause of the
mortality. No ease of plague oceurred among the persons employed or living at this
shop nor, it is believed, among these who must have frequented it. Then on the tenth
day of scarch (November 26) a plaguc-rat was handed in by the Departmental staff,
which had been taken on premises at the corner of Cleveland and Abercrombie streets,
towards the head of the surface-depression already veferred to, and about 22 chains
southerly from Jones' store. They included a greengrocer’s shop and a stable,
There were abundant signs of recent infestation by rats in considerable number,
but no eareases were discovered nor any live rats. It was noted that the premises
were filthy, the yards being largely oceupied by fowls, ducks, geese, and dogs. A
ton of chaff, hones, and rat-rubbish was removed from under the floor of the feed-
room, and the whole premises were in such a state of dilapidation that the Loeal
Authority was required to apply for a closing order and for their demolition. No

case
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case of plague occurred among the ons inhabiting these premises, nor among
any casually connected with them as far as could be learned. No note was made as
to the source at which horse-feed was proeurved; this may have been Jones' store,

which was but a little over a quarter of a mile away.

85. Laboratory cxamination of rais continued in a manner which will be
summarised and commented upon at a convenient place in this deseription, without
revealing any others infected with plague, until the next case in man had oceurred
about five weeks later.

Case 2—J.ED, m, aged 37; had been inosulated at Hnr'FchnlnirtmL. Queensland, early in 1500
(ree par. 258) ; married, fonr children, e was suddenly attacked on Decomber %, during the forenoon,
with a sharp pain in the left groin, nhicre femoral and inguinal glandular swellings subsequently developed.
He lay ill at his residence in Spring-stroet, Waverley, about & miles away from lbie place of business and 1he
other places hitherto meatiored, under private care unt]l Dicomber 10, when his case was notified.  The
dingnosia waa at onee made from elinieal sipne; subsequently morplological, eultural, and inoeulation
teats all yielded positive results. His condition at the time of diecovery forbade remeval, and he died
December 11 after an illness which had lasted sixty-five hours,

EG. J.13.D. was a druggist’s assistant. Ile had arvived from Rockhampton,
Queensland, about two months before Lis death ; no case of plague had been notified
at Rockhampton for 10 months before his departure (or on 111th October, 1901); his
wife said she had received a one pound note from her hrother at Rockhampton sinee
her arrival at Sydney, but that deceased had known nothing of it and had not seen it ;
the ease of plague which was nolified at Rockhampton next after the one just men-
tioned was aseribed to 11th February, 19083,  His place of residenee was in fair general
order and repair; it stood in a suburb which has never yielded any other ease, and it
offered no traces atall of infestation with rats. The family of 6 persons, among whom
no illness occurred, was entirely unacquainted with Case 1. e was employed by a
firm of wholesale druggists at their premises in the eity of Sydney. The firm said that

pison had been laid ever sinee Case 1 had beeome known, and that 72 earcases had

een found and destroyed. A good many more, in advanced stages of putrefaction,
were afterwards turned ont in course of eleansing, but no live rals were scen, and no
evidence of plague was obtained. Such mortality from poison is quite unusual,
There were here about 300 workmen, among whom no illness oecurred. But D,
regularly employed during the day at this establishment, was also employed in the
evening by a benefit society, and on this duty he went to the dispensary, which
stood in Castlereagh-street, at a point not more than 11 chains distant from Exton's
store (Case 1). On examination the dispensary was found to be very well
constructed, clean, and free from evidenee of infestation with rats; and none of the
subsequent cases of plague were traced to connection with it.

Evinexce or DiFrusiox oF THE [SFPECTION.

87. The rat-search continued without revealing any plague-infection until after
a further interval of thirly-five days. The third and fourth cases in man happened on
January 10 or 11 and on January 12. The former was the first of a sub-cpidemic
which oceurred on what has already been referred to as the Paddington area; the
latter was found in the immediate neighbourbood of the dispensary building
mentioned in connection with Case 2, and conscquently on the South-central arca.
Cases 3 and 4, therefore, furnished the fir=t clear evidenee that the infeetion had
beecome diffused. The sub-epidemic which followed on Case 3 afforded an unusually
distinet (but far from solitary) example of transport of the infection over a
considerable tract which either entirely escaped, or suffered only in part at a much
later date and, plainly enough, from infection otherwise communieated to it; and I
interrupt the account of the South-cenral area to deseribe it here, beeause it was
altozether confined to a remote and ecircumseribed arvea, and furnishes a most useful

type of the course of the epidemic as a whole.

Tur
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Tueg PAaDDIXGTON SUB-EPIDEMIC.

§8. The table below shows the serial number, initials, sex, aze, date of attack,
and address of the patients whose eases constituted this sub-epidemic, as well as
particulars eoncerning two undiagnosed eases which, I have little doubt, were also
cases of plague, These latter are unnumbered (see Diagram 111).

Tapik X.—Showing the serial numbers and dates of attack of the nine cazes which constituted the
1"1|.|i|:|:ingl-:|:|l sk l:'inilii:".tuil:. as well as of two LIJl:li.ngul.nﬂ:li casea conneoted with tlhem :—

Mo, Name, Sex, ..".gl'. Thate of Attack, Address,
I

3 | EAG. F. fi | January 10 or 11 ...} 145, New South Head Road.

v | GR M. a5 SRR | .18, Southestreet, New Sonth Head Road.
R I 5 Al Gl o 16 vow 5, Gurner-stroet, Paddington.

B | B . a1 i i3 oo 148, New Zouth Hend HRoad.

i | M.C. oo E 44 - 1% 147, it T

B e e il 2 il | -] 118, : o

g | O 4 T 72 o i) el 147, 3 o

13 | M:A: e I 34 Fobrunry ¥ s 163, e i

14 | L.H. it [ i3 o Lty oo 193, Albionstveot, Surry Hills.

16 JA3 L A a4 i ] ool 312, Glenmore-rond, New South Head Road
17 | PR T T i i | vl 217, New Sonth Head Road

| | i

80. These eases came to light in the following way: On 14th January,
M. C. (Case G), who at that date was in apparent good health, reported that rats
were dying in numbers at her residence, 147, New South Head- Road. Theren
the rat stafi’ was directed to secure speeimens from her cottage and from its immediate
neighbourliood. No rats were eaught that night, but the rat-catehers reported that
the rats were dying at No. 149 (next door) also ; it was also .mentioned that Nos.
145, 147, and 149 were one-storey brick cottages, identical in construction, and at a
later date it was ascertained that the space under the floors of all three was con-
tinuous, and open to the rats which infested any one of them. No. 149 stood at the
corner of Glenmore-road, and was oceupied by R. Golf, junior, as a produce store.
He said that the rats on his premises had been dying in numbers for about 10 days
past (that is to say, from about 4th January). AL C. said she had seen sick, as well
as dead, rats in ber kitchen and laundry, and the oecupants of all three _
wera at one in saying that although they had formerly been very much trou
with rats, none had been seen alive “ for the past few days.”” On the morning of
16th January, the rat staff handed in one earease which, on examination, was found
to be free from disease ; however, they had removed three careases from the yard of
No. 147, and one from No. 145, all too much decomposed for examination, and had
noted an extremely offensive smell on all these premises, as thmtgll dead rats la
concealed. Lastly, when the premises came to be taken in hand by the disinfecti
staff, on 20th January, it was found that, although there were everywhere abundant
traces of infestation with rats, there were none pointing to their quite recent presence
(fresh dung). Ultimately no plague-rats were taken on these premises, and none
were collected from any part of the infected area until many days afterwards,

90, Ilness among the inhabitants of these three cottages was first discovered
through report, on 19th January, that M. C. (Case G) was lying ill at No. 147. It
was then found that E. A, G. (Case 3 had been attacked eight or nine days earlier,
and had been lying in bed at No. 113 in consequenee, at the time the rat-search was
going on. Comparative mildness of her illness (which, nevertheless, had eompelled
her to take to bed and to stay there) led to its having been thus eoncealed, or, rather,
not mentioned. K. A. G. (Uase 3), having been seized, on 10th or 11th January,
E. G. (Cased), in the same house, was attacked on 16th January, and M. C. (Case G
in the cottaze next door, on the day of notification, 19th January. K. V. (Case 7),
who lived fifteen doors away, at No. 115, was attacked on the same date, and J. C.
(Case 8) was attacked at No. 147, on 20th January. But there had been two other
deaths in connection with these premises, which [ have little hesitation in ascribi
to plague, although this disease was not recognised as the cause at the time they
ocewrred.  The facts were as follows :— '

Undiagroeed Tage 4.—J. B, Goff, senicr, age 60, laboorer.  Was father of J. Goff, of 140, Now
Bouth Head Road, and regularly worked at the produce store. Ile resided ai a considerable distance

away, in a plague-froe neighbourhood.  Ile arveived at the store at his usual hour on Janusry 16, having
S
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been in good health until that date, but complained of feeling unwell ; about 10 aun. his son took him
home, and two hours later ho died. By direetion of the Coroner, his body wae inspected by a medieal
man, who reported that his death was doe to (:lyncnpn Erom heart disease. | ascortained that this opinien
was based on a statement made by deceased’s family that he had latterly been breathless on slight
exertion, and on observation of P.'Iigﬁt edema about the ankles ; further, the gentleman roferred to, who
had bath elinical and post-morfem experience of plague during the former cpidemie, said he thooght he
could hardly have overlooked the signs of that dieease had any of them been present. This may be
readily conceded ; and yot it appears to me probable that plagoe in one of ita less wsual, but not uoeom-
mon forme, in which all oxterna signs are wanting, may have beon the trus causs of death.

Undiggnosed Caze .—G.H., a labourer, aged 35, lived in South-streot (see Dingram T11). He wasan
idler who was in the habit of doing odd joba for K. Goff, junior, and when wanted was usaally to be found
hangirg about the latter’s store. e had been drinking from 11th Janvary to 13tk January, and
thereafter had snffered rather severely from diarrhea and vomiting. My informant Grat saw him on 17th
January, and then noted a temperature of 102°; dtspuma, but mo physical signs in the lungs: heart's
action very irregular, heart sounds feeble, pulee weak ; no glandalar enlargement ; no albumen in urine ;
a boil on the buttocks. The patient died an hour or two after these notes had been made, and the cause
waa not assigned fo plaguo at the fime; but two or three days afterwards my informant heard of
some of the circumstances now being deseribed, and at onee revised his opinion,

01. All of these persons were guite unacquainted with Cases 1 and 2, but
there had been personal communication after commencement of illness between
Cases 8 and 5 and Cases 6 and 8, as well as between the two households, Case 7
was unacquainted with the members of those two houscholds, but was in the habit
of visiting Goil’s store to make purchases; her parents said that she had last been
there ““ a few days " before she fell ill.

92. An interval of 19 days followed on the attack of Case 8 (20th January)
during which no ease of plague, nor any which causxd suspicion of plague,
occurred on this area, (nor, indeed, anywhere clse until the seventeenth day); then
the case of M.A., housewife, aged 38, was notified the day after her seizure on Tth
February ; morphologieal and cultural tests yielded positive results. She lived at
168, New Souath I[mﬁ Road, seven doors from the produce store, though, on account
of the intervenine Glenmore-road, rather further than the space of seven houses
away. BShe had no acquaintance with any of the foregoing patients. She lived in
a brick house which was in average condition ; but the oceupants said that they had
been much troubled by rats, and the disinfecting staff reported many rat-holes in
the internal woodwork, as well as through the foundation walls, though no live rats
nor any carcases were found. But the Jandlord had already been n]l‘aplm]eﬂ to on
1his score, and on 7th February he had causal the ground floor hoards fo be taken
up; quantities of rat-rubbish had been taken {rom the underspace, as well as
two putrid carease=. It is to be nobed that a carrier lived next door where he
kept tw'o horses. Three days later the following case was notified from a distant
neightourhood :—

Case 14.—J.H., house-painter, aged 59. Suddenly attacked on the morning of 10th February,
after going to work, with headache, diarrheea, n.lul-:lm_in:l paing, :mn'i fever ; ]ilﬂll.'l]ill.li.ll?l a solitary, left
fomoral, bubo, Morphologieal, cultural, and inoculation tests, all yielded positive results. Recovered ;
duration of illness, thiety-five daye.

93. J.H. lived at 192, Albion-street, Surry Hills, about a mile distant from
the Paddington area, and in a district from which no ecases had heen reported for
ingnosis., The house was one of a brick terrace ; it was in good repair, and well kept;
the inhabitants said it had no rats, and the disinfecting stafl reported that it was
entirely free from traces of infestation. No other case occurved in this household,
which consisted of twelve persons. Judged in the usual way, it appeared that
J.IL.'s residence could not have been the place of his infection.  Buf his oceupation
led him into other neighbourhoods, and into other premises; and when his
movements eame to be inguired into it turned out that he was the man whom
M A.’s landlord had employed to raise the floors at 163, New South Head Itoad, and
who bad removed the rubbish and the dead rats from beneath them on 7th February. -
This is a very important and interesting case, to which there will he occasion to refer
in another connection; in the meantime it need merely be pointed out that the
atient received the infection by inoculation in the left lower extremity, in which
Emm were no visible wounds or abrasions, and that he fell ill a little less than

seventy-two hours after he had begun bis work at No. 163

94. The ocenrrence of Cases 15 and 17 on 10th and 11th February coneluded

this sub-epidemic; it is not necessary to mention many details of them. J.G. (Case 16)

was carter for another produce dealer, and lived quite elose to Gofl's (see Diagram ITI);
no
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no dead rats were found either at his place of residence or of employment. P.B.
(Case 17) was a schoolboy, who lived at a public-house at the corner of Maclean-
street.  ITis residence showed the signs of moderate infestation with rats usual on
public-house premises, in certain parts of it, and no more; no dead rats were found,
nor had the inhabitants seen any ; but on 15th February a plague rat was collected
from No. 10, Maclean-street, a cottage three or four doors from the public-hounse.
These two patients were said to have had no communieation with any of the
previously infected households.

95. In order to complete this account it is necessary to review the efforts
made to ascertain the state of the aren as to infection of its rats. It carried only
163 premises altogether.  As has been already mentioned, the rat staff had been
directed, on 1tth January, that is to say as soon as mortality among the rats which
infested Nos. 145 to 149, New South Head IRowd, had become known, fo search
those cottages and the immediately adjacont ronds, lanes, &e.; and the result had
been to show that the rats referrad to had sulfercd from sickness anl had died, bat
had by that time gone away. Buat the scarch, which should have extended to
slichtly more distant streets, was not prosecuted with vigour until after occurrence
of Case 17. Thus, down to 12th February only 23 rats, taken on 12 premises,
had been brought in; but between that date and 17th February as many as 129
rats were collected by trapping at 60 different premises. The result of this
more energetic and more systematic hunt was that on 14th February one plague
rat was taken in a builder's yard across New South Ilead lload, immediately
opposite to Gofl’s store:; on the same date another at No. 153, New South Head
Itoad, also a produece store, on. the same side as Goff's, but separated from it b
Glenmore-road and the premises at the corner opposite to Gofl's; while on 15th
February a third plague rat was taken, as already noted, at 10 Maclean-street.
There is here suflicient evidence of dissemination of the infeetion of plague among
the rats of the neighbourhood; nevertheless I note the infrequency of the disease
among the total rats brought in to the laboratory, and reserve this point for the
present,

06. The whole of the area affected was taken in hand by the eleansing staff,
and thoroughly seavenged, many out-buildings having been pulled down nn&uimmi.
and some premises which were unfit for human habitation closed and demolished.
The disease did not spread beyond the limits, which include about 16 acres, shown
by Diagram ILI, partly, no doubt, in eonsequence of the measures taken, but in part
also owing to large tracts of park or garden ground, and of vacant lands, by which

it was more or less elosely bounded to the north and west.

SovTn-Cextrar Area RESUMED.

07. We must now return fo the South-Central Area, and to Case 4, which
was the next to oceur upon it.

Case 4. V.ULE.V., m., aged 34, a puoblican, not inoeulnted, was suddenly attacked during the
afternoon of 12th January with shivering, and at the same time discoversd o small lnmpin his right groin,
whers an inguinnl bubo subsequontly developed.  The morphological test applied o liquid abstracted from
the bubo wis negative ; cullivation and inocalation tests yiclded positive results in duoe coursa (on the
third day of illness this patient’s blood was, for seme reason, submitted to the same three tests, all of
which yielded negative resulis).  Recovered ; duration, fifty seven days.

98, The patient was unacquainted with any of tne persons previously attacked.
He carried on his business at the corner of Goulburn and Castlereagh streets, a point
about 2 chains from the dispensary with which Case 2 was connected, and which
stood in Castlerengh-street, and about 12 chains from Exton’s produce store, where
Case 1 had been infected two months earlier.  About the beginning of December he
had reported to his Local Authority that his premises were infested with rats, and said
that soon afterwards he had counted 17 in lis kitchen one night; later still he had
found a dead rat, and about the same time there had been a very offensive smell, as
though dead rats lay concealed, but no more were found. The other residents said
at the time of inquiry that the house had been infested shortly before, but that they
had seen no vats since the closing of a neighbouring restaurant. The disinfectin
stafl reported that there were no quite recent traces of infestation, and although
traps were set, no rats were caught. There were seven inhabitants, among whom no
further illness occurred.

m‘
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99. Long as the intervals Lad Leen by which this ease was separated
from Case 2, and the latter from Case 1, it was yet taken to point in all
Emhahilit;;‘ to some obscure infection of the rats in the neighbourhood, and a

ouse-to-hounse inspection of six small blocks, towards the centre of which V.U.E.V'.s
public house stood was directed. They comprised in all 387 houses, of which 169
were oceupied by Chinese ; this being one of the small eolonies of Clinese of which
there are many in the metropolitan district. The greater number were modern
buildings of good construction, in good order, and often of considerable size; but
they included a proportion of ancient structures, much dilapidated and very ill-kept.
The area was cleansed by a large staff of labourers, under direction of the Depart-
mental stafl of edocated sanitary inspectors who made the survey. The latter
reported that in all but the more recently erected buildings—and even on some of
them too—there were more or less serions sanitary faults; while light and ventilation
liad been obstructed in very many instances by illegal roofing over of small yards
and erection of temporary structures in the larger ones. When the premises were
occupied by Chinese there was also evidence, internally, of serious overcrowding.
The llmﬂl authority was advised to apply for closing orders in respect of many of
these buildings and to secure the demolition of some of them : and there was one
small area in such a state that it was recommended to acquire possession of it and
to run a new street through it. DBut no illness was discoverad in the course of the
survey, and no plague-rats. A fact which has importance in relation to general rat
searches in any part of a eity was brought out by the records ; it was, that although
a large proportion of the 357 premises appeared to be fit to harbour rats both from
their structural state and from the purposes for which they were used, yet only 57
(or less than 15 per cent.) were found to furnish evidenee of actual infestation at the
time of survey.

100. No further case occurred on this area uniil 2th February (Case 16),
which was notified from rat-infested premises of which the back yard abutted
on V.U.E.V.'s yard, though separated from it by a high brick wall. Another
oceurred near by on 3rd April (Case 93) in a sempstress, employed at &
furniture factory. Later, three other cases were met with in Chinese, who were
attacked on 27th April, 3rd May, and 15th May (Cases 112, 117, 126—see
par. 207); they were mfected at llop Lee & Co's produce store in Campbell-
street, and a plague-rat had been eanght six doors away from Iop Lee's on
22nd April. 1t seems most likely that these cases resulted from infection newly
imported to this street, which, at that end of it, is almost entively occupied by
produce stores and a vegetable market, rather than by persistence of the infection
associated with Case 1, which oceurred quite close by, but nearly six months before.
On 30th April another Chinese (Case 113) was attacked at 59 Goulburn-street, in
the same neighbourhood. Lastly, on 1st June, Case 136 occurred on this area, hut
not near those last-mentioned ; the patient was an idler, the place of whose infection
remained undetermined, it being almost certain he did not contract his illness at his
lodging. Here {wo notes may be made : The first is that as it has been shown that
the infection can be conveyed per salfum (most probably to Exton's store, eertainly
to Goll's store), so it may be communicated to any neighbourhood repeatedly, as
long as communication with any other infected spot is maintained. Secondly, in
any long series of ¢ases of disease a certain number will be met with in which the
source of infection cannot be indicated with any certainty ; and this is so far from
being peculiar to plague that it is the case even with so easily traceable an infection
as that of small-pox.

101. No further cases occurred on the SBouth-central area. If the serial numbers
are now examined it will be found that one case has been omitted from notice.
This is Case 9. Attack occurred on 4th February ; the patient was a newsboy who
lived on an undefined arvea just north of the North-central, where he inhabited a
dilapidated four-room cottage, near the northern end of Cumberland-street, which
was infested with vermin; it lad been infested with rats, but at the date of
examination had for long been free from them. The place of this patient’s infection
remained undetermined; it was mevely surmised that he might possibly have
received it in calling for stock at the Lvening News office, which was separated by
a narrow lane only from Siddaway’s boot factory on the Central area, at which Cases
84 and 43 were infected on 24th and 27th February, and where there was considerable
mortality among the rats which infested it (see par. 217).

50—D CHIPPENDALE
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CIHIFFEXDALE AREA.

102. Ti is necessary here to describe only two of the cases which occurred
on the Chippendale area, but the following Table gives a complete list of all of
them :—

T;.Ill.H: x SEm'ﬂ:i:lg tl:l!: werial IHLI‘l:I]mi', 1|JI.I|_' af J'I.I!lnl.'k, nr|j||r|]g-_-|,'|. jlll::ci: 4_'|' i||fq l:lj.ul'l, J:Lnr.] h:-_-g.i:ll_mm-, of the
eight enses which sceurred on the Chippendale area.

Berial No. | Date of attack. ] z'hljull,gﬂl place of infection, | Besidence,
= e
10 | February & ... «oo| Sportaman’s Arms Hotol, 171 George-street West .| The same.
12 | " b «eof Fial and ayster saloon, 167 George-sireet Weat. .. g
a7 < 20 «oo| B8 O'Conmor-strect, Chippendale ... o s it &
62 Mnreh 16 ... voo| B Chambers-strect, Ultimo +f
B2 | ' L B seaf 16 Dick-stroct, CII.E!F]I,"HEII\](I -
99 | i o0 . woo| 16 Dick-strest, Chippendale o
102 | April 18 .. oo B8 Georgestreet West, City .. "
105 | = oo oo G O'Connor-strest, ':.“]lil)!]{'“l,in]ﬂ 3 A o
|

103. Cases 10 and 12 were attacked on 5th February at 171 and 167, George-
street West.  These houses were about 11 chains distant from Jones’s produce store,
and on the opposite side of the road (see par. 84).

Uise 10. TC, petman, aged 42 place of residence and of employment, Sportsman’s Arma,
171, George-street West,  Suddenly attacked Sth February, afternoon ; right feroral bubo ; morphological,
eultural, nnd inoculation tesls, positive.  Recovered,

Cose 12, G.W., a fishmonger, aged 35 ; place of residence and of employment, o fishmonger’s shop,
167, Georgestrect West.  Attacked 5th Febroary ; right femoral bube ; morphological test, positive.
Recoverad.

104. The premises were next door but ome to each other, and it will be
noticed that both were used in a way likely to attract rats to them. At No. 171, it
was said that rats were plentiful both in the neighbourhood and about the publie-
house itsell; but not that there had been any observed mortality among them, The
yard was tar-paved and undermined ; part of it was dug up and six putrid carcases
were revealed.  Three more were found at a gully eommunieating with an old drain
which had not been removed when the premises were conneeted with new sewers ;
from this rat-burrows were traced, and dug out, which ran under the intervening
house, No. 169, and passed into No. 167 ; a plague-rat was taken out of them,
which was identified in the laboratory on 10th February. The disinfeeting staff also
killed three rats which were healthy. G.W. (Case 12) was employed and resided at
No. 169 ; hLis house was not noted to have been ereatly infested. oale;

ALEXANDRIA AXD WATERLOO AREA.
105. We now have to describe establishment of another distant, and apparently
independent, centre in connection with a fourth produce store (see Diagram 1V).

Tavie XIT.—Showing the serial number, date of attack, adjudged place of infection, and place of residerce
of the eighteen cases which ocenrred on the Aloxandria area.

Herial number. Date of attack. ﬁ Aaljadged place of infection, Hesidence.
e i S | S - — S -
11 | Fabroary 6 ... oo B, Henderson-road voo| Dialmont-street.
B K] | o S oo o0, Botany-road. .. o] Tl snmie.
A6 . - F e 68, Dotany-road... e
47 Mareh e voe) 30, Botany-raad. .. P
73 % o T .| 90, Wyndham strest ... o
L X s oo 14, Johnstreet ... L
40 " ) B eed 20, dohn-stroet .., = i
08 April 13 .., .o 1, Bourkestreet. .. =3 i
107 - L «oe) B0, PhLillip street i
100 . 26 .. ... 41, Raglan-streot =
115 May Y e vr.| Retreat-strect, Botany-road ... .
125 - 11 .. .| Gray's Stables, Waterloo ... 151, Bullanaming-stroct,
158 18 238 . a! Girimley's Tannery, Botany-road | 100, Georgestreet, Redfern.,
132 " 20 . oo 69 Beanmont-street ... wesl The same
1a5 June Bt oof <0, MeEvoystrect i
137 o s .| 11, Cooperstroct ] o
138 - 1 i) .| 17, Botany-stooet | o
[ " B : Louden's boot-factory, l:'.limheth-l 54, Morchead street,
street

* In Diagram 1V this erroncoualy nppoars a8 No. T4,
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Caso 11. A H., produce dealer, aged 30; place of residence, Belmontstreet, Alexandria; of
employment, 8 Henderson-road, Alexandria,  Suddenly attacked 7th February, at 7 am., with vomiting,
headuche, and fover; right femoral bubo ; both extromitics much flea-bitten,  Ihod 12th Febraary.

106. A.TL.’s cottage, in Belmont-street, was of weatherboard, in good repair, and
clean ; it had a stable for three horses in the backyard: the skeletons of three rats
were found at the bottom of a dung-heap, but there was no evidence of infestation.
The produee store stood close to the Botany-road, at a distance from the cottage of
66 chains. It was also 40 chains from 1 B.'s residence (Case 1), where that patient
had lain ill for the four or five days from #th to Sth November. It was a wood
and iron building, which measured 19 feet by 47 feet ; it had a brick front, and was
floored with wood. There was a stable in one corner, and the place was dirty and
ill-kept. Ior several weeks hefore his attack AH. had not slept at home, but at
this store on an extemporised bed of sacks. On taking up the floor the carcases of
39 rats were turned out, all too putrid for laboratory examination, and three healthy
rats were killed.

107. Here this account of the beginnings of the epidemic may usefully be
interrupted in order to point out that evidence of the dissemination of plague-rats in
connection with no less than four produce stores has been adduced, namely, Exton’s,
Jones's, Gofl’s, and Huxley’s; that bales of hay, &c., are notoriously liable to infes.
tation by rats, which are easily transported in them ; and that all four places were
almost certainly conneeted, by the nature of the business carried on at them, with
that line of wharfs at which produce is habitually handled, and at one of which a
Rlngue-mt was taken almost ns soon as the mt search began, namely, on 15th

ovember. We have seen, also, that plague in man oecurred in connection with
three out of these four stores; and, in the three widely separated neighbourhoods in
which they stood, it first occurred in persons eonnected with the stores either as work-
men, or as occupants of adjoining houses in free communication with the store by
the space undzr the joists.  Lastly, that the rals were affected before man ; this was
not demonstrable in Case 1, since the date of notification enabled search to be made
only 10 days after attack ; but, on the other hand the patient certainly did not infect
the rats for reasons already mentioned (par. 77).  The evidence on this head relating
to Case 3, Paddington area, seems quite clear.  Again, it is quite elear in relation to
Case 11, for although the search was instituted within 458 hours of the time of attack,
all the carcases found were not merely putrid, but too putrid for any useful examina-
tion in the laboratory. Later, other instances will be given in which there was no
doubt at all that sickness and death of the rats had preceded the first ease of illness
among the persons inhabiting the premises where the earcases were found ; such, for
instanee, are Group C, Cases 24 and 30, Her Majesty’s Theatre and Hotel, and the
Criterion Theatre and Hotel (pars. 198, 193, 210 to 216). If Case 1 be excepted, as I
do not think it need be, then it can be said that disease in rats preceded disease in man
in every case, the evident want of continuity between easzes, and the observed
establishment of independent eentres, being borne in mind.  For this diseriminative
infection of distant spots permits each such occurrence to be considered by itself,
and to be regarded as complete in itself. Here, also, the reader will note the absence
of infection in man in connection with Jones’s store and the house in Cleveland-sireet
and while this point will be further examined below, the opportunity may be taken
of repeating the remark already made (Report 1900, p. 36), that some special
condition not usually present seems requisite to secure communication of the
infeetion from rat to man.

108. The large block in which Huxley's store (Case 11) stood was taken in
hand by the cleansing staff, but operations within it were not finished for about a
month. No plazoe-rats were discovered in the course of them, nor any other
instance of rat mortality. Tt was not until 21st March, more than a month later,
that a plague-rat was colleeted in that bloek from the stable of a cabman 6 chains
distant from Huxley’s store, two days after his son had been attacked with plague
(Case 73, the fifth on this area). Other plague-rats were taken later in the neigh-
bourhood : one was identified among many careases removed from 47, Henderson-
road, which was a buteher's shop (see par. 111), and one at cach of the houses 14 and
16, Botany-road, on April 5th and 9th, of which one was also used as a butcher’s.
No case of plague occurred at any of these houses,
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103. The seeond ease on this area happened sixteen days after the first in a
school-boy (Case 85, attacked February 22nd, removed February 26th; right
femoral bubo, recovered) at 30, Botany-road. This house stood north of, and 8
doors from, Henderson-road, and well within a hundred yards of Huxley’s store.
It was oceupied by a pawnbroker, and was in a poor state of repair and mainten-
ance, Floors were lifted, and a great deal of rat-rubbish removed from beneath
them ; there were holes in them and in skirting-boards, &e., as well as some burrows
in the back-yard ; no carcases were found and no live rats were seen. But the
burrows were not dug out. This was an omission, of which the full significance
was not pereeived until after the expericnce gained at the Zoological Garden (sce
par. 176). It is here pointed out in connection with the occeurrence of another
case on these premises a week later, and after they had been cleansed and disinfected
(Cnse 435, the fourth on this aren, the above-mentioned patient’s father, attacked
1st AMarch).

11 The third ease (Case 36) happened at 68, Botany-road, the patient, a
child, having been attacked 25th February, on which day, also, he died (spleen and
bubo yielded &, pestis in smears) ; this house luu'ing been on the same side of
Botany-road as the last-mentioned, and only 12 doors south of it, though also
separated from it by the intervening Henderson-road. It was therefore within a
few yards of AIL’s store. These premises were in very bad repair, and filthy; the
were oceupied by the patient’s i'anlfwr, who was a dealer in bottles and old iron ; 1
curcases of rats at abont the same stage of putrefaction were removed, together with
no less than 36 loads of rubbish and filth, but no plague-rat was identified,

111. The fourth and fifth cases (Cases 45 and 73) have been already mentioned ;
the sixth (Case 107) happened mueh later. It oceurred in a letter carrier who was
attacked on 23rd April. e lived at G0, Phillip-street, in a house which had a stable
attached to it. The former was in good order and repair, and the inhabitants said
they had no rats; nevertheless on lilting the floor 3 earcases were removed, all of
which were too putrid for laboratory examination. This house stood about 15 chains
from A.H . 'sstore.  But it was only 6 chains from the shop of one Kerrigan, a butcher,
on whose premises a siek rat, which was shown in the laboratory to be suffering
from plague, had been taken on Mareh 26th; on cleansing the shop immediately

afterwards 80 putrid carcases were removed from the space under its rotten ground
floors.

112. Two further cases (Case 115, 4th May, and Case 133, 28th May, being the
cleventh and thirteenth on this area) oceurred on this, the western side of Botany-
road ; they were separated from those above-mentioned, not so muel in time as
distance.  The premises on which they were judzed to Lave been attacked stood 38
chains to the south of Henderson-road (A.11.'s store, &e.), and it is possible that the
infection reached them from the eastern side of the road; for further cases had cecurred
in the immediate neighbourhood of Raglan-street on that side, and had graduall
extended in a southerly direction until they had reached land opposite to that on
whiel the honses of Cases 115 and 133 were placed. The series referred to comprised
11 eases (which oceurred between Case 74, 22nd March, and Case 138, 8th June), The
first two of them oceurred in John-street, about 18 chains south-west from Raglan-
street; the third, 18 ehains further away towards the south; the remainderat various
points between those two, and more or less removed from the east side of Botany-road.

‘nse 79, a little girl, of John-street, was attacked (right inguinal bubo) on the third
day after she had picked up and thrown out of her garden a dead rat; and on lifting the
ground floors of her cottage, four carcases were found, Then Case 98, attacked 13th-
April at the southernmost extremity of the area, lived eight dcors from the Zetland
Hotel in Bourke-street, and from stables attached to this hotel a plague-rat was taken
on 21st April.  So also Case 125 cccurred in a man who was attacked 11th Ma y Ak
his place of employment, Gray’s stables, within a short distanee of the Eel’:{nnd
Hotel; and on 26th April a plague-rat had been canght at these stables. Sufficient
evidence of a dissemination of plague-rats over this infected area was forthecoming,

although household connection between diseased rats and the persons attacked was
not established in the remainder of this short series.
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TapLe XTIT. —Showing the situntion of premises on the Alexandrin avea at which plague-rats were taken,
and the dates on which they werne taken.

80, Wyndham-strect March 21.

47, Henderson's-road (Kerrigan's) .. Mnrch 25,
16, Botany-road ... e April 8
14, Botany-rond ... we April B,
Bourke-street (Zetland) ... wn April 21,
Gray's stables, Elimboth-stroet ... o April 26

113. Lastly, on 8th June, which, as it afterwards turned out, was the day en
which the last case of this epidemie was attacked, and on this part of the arca, the latter
was ordered to be specially searched by the rat-staff. During four or five weeks a
large number of rats were gathered from 84 premises very evenly distributed over it
(see diagram IV; the part referred to is bounded on two sides by Botany-road and
Phillip-street, and on the third, in part, by Bourke-street). None were infected
with plague.

SurvEY or THE GENERAL HRESULTS OF THE Separcn For RATS OVER THE WHOLE
OF THE AFFECTED AREA DOWXN TO 17TH FERRUALY.

114. In order to complete this deseription of the beginnings of the epidemic,
it is necessary to add a reference to the general rat-search which was simultaneously
carried on over a very considerable section of the citv. I take, for the illustrative
purpose in view, that part of it which lay between the dates, 16th November and
17th February (Case 23).

During the three months, 16th November to 17th February, rats were brought in Ly three agencies—
the Departmental ratstaff, which delivered a few more than 12,000 ; the staff of the Lol Authority for
the city, which brought in 1,732 ; and those collected by the public and paid for by the Department nt 5d. a
head, which numbered nearly 18,000, The Departmental staff worked over a very wide aren, including
the city and adjacent suburhs, as well as some rather more remote which were oceasionally visited, and those
from which plague-cases had been removed ; the city staffl confined itself within its municipal boundaries,
of course ; while the origin of those Pn:uenturl by the public was seldom accurately known, though stepi
were taken to prevent tﬁo‘m from being imported from distant places  The Departmental staff visited and
.t“mph}d to cateh mats at a very ]ﬂ.l.'_g'ﬁ nutiber of FHI'I'IIIH-I"H nlln;;l:l.lll-t‘, .1.|!|1|:|1|gl| even this total number bore
but n small proportion to the total houses standing in the adjoining and other municipalities within which
they worked ; bt the premizes to which they paid seceessful visits numbered but 438 honses, &e, and 48
Wbl.ﬂ'lﬂ-j and their 1H'n¢rj|=ﬁ.|f vigits to this zmall nuomber of imnimﬁ. were bt ] ,.":F' 1. The Lml"_r Eulagut_-rnin.
which were identified were handed in by the Departmental staff ; and 95 a rule the addresses at which
rata brought in had been canght were known with certainty only when they hod been taken by that stafll
The net result of this hunt as regands plagoe mts is given below —

Tanre XIV. —Showing the places at which identified plague-rais were colleeted between 16th November and
17th February, the dates on which they were collected, and the area on which these premises stood
(see Dhiagram IT).

Exton's produce store, Hoy-street ... November 15 Houth-ceniml.
Howard Smith & Co.’s, Brisbane Wharf... ... November 18 Drarling Harbour,
Jones' produce store, 84, George-strect .. e HNovember 95 Chippendale,
Cleveland amnd Abererombic Sireets e e November 26 Chippendule,
400, Kent-street, City ...... h oo lmnuary 28 Darling Harbour.
Her Majesty's Hotel, 186, Pittstroet...... we  January 20 Central,

445, Kent-street ... ... Fobrunry 6 Drarling Harbour.
392, Kent-street ... o Februnry B8 Darling Harbour,
168, George stroet West ... e February 10 Chippendale,

180, Pitt streat ... o Febroary 14 Central.
Buchanan's, New South Head Rond ... Febroary 14 Paddington.

Matheson's produce store, New South Head Ttoad Febroary 14 Paddington.
10, Maclean street, New South Head Road ... Febroary 14 Paddington.

But these plague-rats must not be regarded as the total yielded by the 12,000 rats taken by the
rtmental stafl'; they should be compared with the number selected for delivery at the laboratory
u conditions which have béen already mentioned (see par. 1) ; and that was 914,

115. Thus the number of places at which plague-rats were found during the
three months, 16th November to 17th February, was but 13, and the number of
plague-rats identified was but 18. There were, however, a large number of rats
which died of plague, their carcases having been found on premises which yielded
at least one identified plague-rat; and were these reckoned the proportion of
plague-rats to rats eaught would be very largely increased. But this would add
notﬂlﬁg to our knowledge; for we are aware that plague often rages on premises
which are grossly infested, and consequently that the number of plague-rats found
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must largely depend on the numbers which happen to lodge on the premises invaded.
The more important point is to ascertain the number of separate premises and
the number of different neighbourhoods in which plague-rats were found ; this it is
which indicates the extent to which the disease is disseminated as an epizobtie, and
which, in my opinion should be compared with oceurrences of it in man. That
number was 13 premises only. It should surely have been larger; for some
infected rats were found at several widely separated spots, and from experience at
several premises (Exton’s, Jones's, Huxley's) it is plain that the disease is some-
times easily communicated from rat to rat. The failure to discover more must
have lain in part, then, in the mode of search; and good reason can be shown for
ascribing it to this canse. The rat-staff worked at night, and with traps. They
therefore caunght rats which were running about and which were, for the most part
at all events, in good health, Experience at Sydney has been that rats which have
been attacked with plague have rarely been seen in the open ; one instance has
been mentioned in connection with the Paddington area, another will be mentioned
in connection with a flour-mill on Darling Harbour area, another at the Zoological
Garden (par. 174) ; but only four altogether werenoted.  1lad they more frequently
belaved, however, as they have been said to do in other countries, it is still
improlgpable that they would have been taken in traps; for it is not likely that
a sick rat would have either the energy or the inelinations which would lead it
into them.

116, Tt seems sufficiently clear that the epizodtic did not spread very rapidly
from building to building; doubtless it was often impeded by the mode of eonstruction,
which was that usual in European eities. Further, the diseaze seems to have been
very easily communicable from rat to rat only under the special circumstance of
association of large numbers in confined quarters, Nevertheless, there must have
been many more infected rats than were found. Where were they, then # They
must have been underground in their burrows ; to them they must have retired on
falling ill, and there for the most part they must have died. Some direct evidence
that this does happen was yielded by the case of the Zoological Garden (par. 176) ;
and, indeed, it was not until alter that experience that the great importance to
the epidemiological study of searching for and digging out burrows in connection with
buildings was perceived.

117. But there was still another reason why plague-rats were not found in
ereater numbers ; it arose from the search-conditions. In the first place, although
it is impossible to estimate the number of louses on the irregular area which was
the field of the operations under review with any approach to accuraey, it is quite
certain thatl the premises at which rats were taken during the three months formed
but a very small proportion of them, In the second place, it was indispensable that
some number of rats should be fixed upon as sufficient evidence that each rat-catcher
employed had done a satisfactory amount of work, and an effect of this practically
unavoidable rule was, no douit, to lead to payment of repeated visils to premises
which were badly infested, while what was more desirable was examination of the
largest possible number of different premises.

118. I conclude, then, first, that the identification of plague-rats as carried
out furnished a trustworthy indication of the area of country over which the epizodtic
extended, and that there is no good reason for supposing that it may have reached
much beyond it ; secondly, that it furnished little indication of its intensity.

119. There are two additional points upon which some remark should be
made for the reader’s assistance.  The first is that there must, of course, have been
some loeal fous ef orige of the infection ; and it is apparent that the latter spread
from il, not by continuity at first, but per saltum, primary eases having been
recognised in four separate districts, namely :—Cases 1 on the South-central, 10 and
12 on the adjacent Chippendale, 8 on the Paddington, and 11 on the Alexandria
avea.  This view (of spread, at fiest per saltwin, but afterwards by eontinuity from
each new centre) depends on the eases mentioned having been primary cases in
fact. Now notification of Case 1 was delayed until ten daysafter the date of attacks
and two undiagnosed cases oceurred on the Paddington arca, where also Case 8 lay
without medical attendance for nine or ten days after attack. These faets raise
a legitimate doubt whether apparently primary eases were so in trath. Agzainst
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ment—a statement which applies as much to the Chinese, who here live as civilised

and law-abiding citizens, as to whites ; (%) that attention was drawn to one of the
two undiagnosed cases by the medical man who had been in attendance upon it (to
the extent, it will be remembered, of one visit paid an hour or two before death)
as soon as he heard of the surrounding cireumstanees, while the diagnosis of the
other (made after death without assistance of a detailed post-morfem examination)
m{: after all, possibly have been correct ; () that all those who are best acquainted
with the general circumstances do aceept these early eases ns having been the

imary occurrences they appeared to be.  Such investigations as the present would

come impossible were this doubt (which, in a measure, mizht be raised in
relation to the source of infection of every case) entertained without very good
evidence for it; and evidence of the requisite kind may, in my opinion, be taken
to be wanting.

it may be pointed out (a) the absence of all ground for susllmntinr- wilful conceal-

120. The sccond point is, the detection of plague-rats (to speak generally) on
premises where there was no plague in man, and the failure to find them (in a
majority of cases) where there was plague in man. Enough has already been said,
I think, to show that the negative aspect of these facts must be cautiously resarded.
Coincidence of plagne in man and in rats was demonstrated in several instances ;
and the failure to find plague-rats is, for substantial rcasons which have heen
mentioned above, not even presumptive proof that plague-rats were not present.
Besides this, however, it must be pointed out once more that plague-rats by
themselves, and unaided, are incapable of causing epidemic bubonic plague. All that
is required at this stage of the enquiry, therefore, is to show that the connection be-
tween rats and man, or the connection reasonably presumed in cases where the
demonstration failed, existed as a mere matter of propinguity sufficiently often to
warrant the inference that it is an essential condirion of the occurrence of plague
in man. This, 1 think, has been done even already ; but much more evidenee to
the same purpose will be given later. However, the reader has the facts before him,
and will judge of this for himself.

Darrxe Harporr AREa.

121. Thesluw and obseure beginnings of the epidemic on a elose-huilt city area,
and its complete eonrse within two other areas which comprised much more open space
around the houses and much more unbuilt Jand in their neighbourhood, having been
described, it is now necessary to give examples of its complete course, and of its
relationship to epizottic plague on areas which were altogether covered with houses,
factories, markets, and wharfs. For this purpose I choose the Darling Harbour
area and the Central area.

122. The number of cases which occurred upon the Darling Harbour area
(see Diagram IT) was 10, and they happened between 14th February and 20th April.
It ean be noted af once that, densely populated during the day as this area was, it
did not yield eases of plague in proportionate number, although the.infeetion was
roved to have been present upon it from (I think it may be said) before the
srinning of the epidemic until a date subsequent to attack of the last case by a few
days, but subsequent to that of the last case on this area by nearly two months. This
remark applies equally to the Central area, which yielded 32 cases between 14th
February and 4th May. Yet the rise in the weekly number of notified cases which
occurred, as has been shown, between the seventh and twelfth weeks (see Table I1)
was due entirely to addition of the 42 cases which arose on these two areas,
without which the weekly number referred to would have varied befween 1 and 8
only throughout the epidemic. This way of regarding the cases on the Darling
Harbour and on the Central areas requires some explanation. It is justified
by the fact that while the total 42 cases occurred on 29 premises, the patients
resided on those premises only in 12 instances; and in the remaining 30 instances
lived in districts which were for the most part remote, and, with three or four
exceptions, free even from suspicion of infection with plague,
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123. The 10 cases grouped on the Darling Harbour avea can be furiher divided
by locality into three sub-groups. These are shown in the Table below :—

Tame XV.—Showing the serial nomber, date of atiack, adjudged place of infeetion, and place of
residence of the ten cases of plague which occurred on Darling Harbour area.

CaseNo.| Date of Attack, Adjudged Place of Infootion. | Hesidence,
| !
AL
33 | Febroary 14 ...| 332 Sossex-street (flone-mill) ... -] Hugo-street, Redfern.
25 " 18 ! 39 Sassox-street vool Lindfiald.
a8 | = 22 ... 224-6 Sussex-street {produce) ...| Vicktorin-strect, North Sydoey.
42 5 27 ... 49-51 Bussox-strest (produce-sartar) ... sl Young-streat, Redfern.
GG | March 10 J| 125 Bussex-strest (produce) .. ...| Trafalgar-street, Annandale.
T2 P 17 | Barque * Ealomene " ; putatoes supplied from G1-3 Sussex-sireot.
/8
59 | March 4 . Barkerdane ... ...| T Barker-lane
B | 4w 22 L. Miller's Wharf, Liverpool and Bathurst strests| Victoris-strect.
106 | A.|'|rj1 20 ! Jones' Whart {wmqi, coal), 2 Bathorst-sireet | 2 Bathurst-stroet.
[ 45
10 | April 20 ...| Grafton Bond ... | T4 Princesstreet,

124 First of all, it must be pointed out that Cases 28, 25, 28, 42, 56, 89, and 104
resided in neighbourhoods which never yielded indigenous cases. Their home premises
also were either not infested with rats or, if in two or three instances visited by rats,
were so in quite a moderate degree ; and no evidence of rat mortality on or in the
neighbourhood of them was revealed by the inguiries which were made. Cases 59
and 106 were judged to have been infected where they lived. Case 72 was infected

on board his ship, which had the communication with Sussex-street already deseribed
clsewhere (see par. 71).

~ 125, What were the rat relations of the premises on which these cases are
adjudged to have received their infection *  They are shown in the Table below. It

should be noted that street numbers almost always run odd and even on opposite
sides of the way :—

Tanee XVI.—Showing the situation of 21 premises on the Darling Harbour area at which plague-rats
were taken, and the dates on which they were taken.

Howard Smith & Co.'s Brisbane Wharf 18 November.
400 Kent-street .. 23 Jannary.
415 Kent-stroet

6 February.
302 Kent-strest .. 8 Feliruary.
4l Sussex-street ... ., we 18 ond 19 Febroary.
31 Suoseex.sirect .. = 21 February.
402 Kent-strect ... 21 Febroary.

North Coast Co’s Wharf 25 February.
Napoleon-street (off G, Susses-stroct and Grafton Wharf) ... 23 February.
Huddart, Parker, & Co.'s Wharf (about 1 Sussex-street) .., 28 February.
Bteam Mill sireet (off Barker-strest) .. 19 March.
Darker-street ... T 15 March.
Market Wharf (near 171 Sussex-street) NG Sl s S E T
Byenes' Wharf (foot of Liverpool-strect, 343 Sussex-street) ws 18 Apnl
Federal Wharf (bond, 1st floor, 200 Sussex-strest) ... 19 April,

B.M.C, Wharf (off 270 Sussex-sireet) 23 April.
89 Liverpool-street dal i RSN S ERe I 28 April.
811 Sussex.street i el 1 Mavy,
818 Sn=sex-sirect 5 H-In}.
Duncan-street (off 31 Bathurst-street) 9 May.
Market Wharf (near 171 Sussex-streot) we w18 June.

128, Thus the first plague-rat of all was found at a wharf which stood more
or less at the centre of the line of wharves which bounds the Darling Harbour
area to the east on 15th November; the next 3 in Kent-strect towards its south end,

one
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one block east of Sussex-street, from 26th January to Sth February ; and then follows
a long list of 17, taken on premises which, with two exceptions, were either actually in
Sussex-street or in side strects within a few doors of it, between 18th February and
13th June (see Dingram II). Now if Table XV be compared, it will Le found that
the takings of plague-rats on any premises coineided in no ease with occurrence of
plague on those premises ; and, conversely, that plague did not oceur, and that cases
of plague could not, in any instance, be aseribed to infection received on I‘ll‘ﬂﬂliﬁm
where plague-rats were taken. It may be pointed out at onee that this has been our
usual experience. The total number of inhabited premises, or, more exactly, of
premises which harboured people during the day, but were not used as dwellings by
all of them, on which plague-rats were taken, was 40 during the whole epidemie,
while plague oceurred on 4 of them only.  But this nett statement is nof all that can
be said on this point. Iats which had died from some unusual eanse were often
found on premises where plague in man occurred. Thus, Case 23 (hoth sets of cervieal
glands enlarged, smears and cultures positive ; died), occrrred in a youth employed
at a steam flour-mill, who said that, on the day of attack, he had killed a sick rat at
the mill by stamping on if, and had afterwards picked it up and thrown it away.
The date of his infection, in all probability, was earlier than that referred to, which
was the day of attack; but it appears that there were sick rats, or at least the one
he killed, on the premises at which he worked. Case 25 has considerable interest
from the circumstances surrounding it, although it is only one of a considerable
number of similar cases. The important points were as follows :—

J.BB, m., aged 19 a milway porter employed at Lindfield station, 7 miles from Milzon's Paint
terminug, North Sydney. He was attacked, 18th Febroare, in the evening ; he had a right fomoral buba
(morphological and cultural tests, positive] ; recovered.  He lived in the neighbonrhood of Lindfield station
with his father, who had stables at his detached cottage and kept horses there ; on Sth February the latter
hiad I"&EEil"Ed feed from 3?, BuEsex-atrost ; the l‘:r_'l‘t,t.agl‘.- Wid ifn ;_11:”".-1] arder and n-lh.a.ir_ elean . 1t was aaid that
thers were some rats about it and the stables, but that none sick or dead hnd been found. The patient
did not work for his failer, thnur__—h no doubt he was exposcil to any risk which may have attached to the
stables ; but on 18th Febraary (railway books) he had helped a consignee to unload a eonsidorable quantity
of produee from milway trucks which had been forwarded from o store at Nos, 49-51, Sussex-street,  In
nddition to this connection of his cnso with these premises, he was friendly with the son of the producs
desler who oceupicd them ; and on 16th February had gone to Sydney amd had spent the morning with
him. It i= not clear whether or not they entered Nos, 49-51, but No, 39 was at that time vacant. It nas
learnod that young men wsed to mest there, and there the patient and his friend spent an hour or two, No

e-rats were found at Mo, 38 (which was not visited at any time), Lut they were found av No. 41, next

door, on 18th and 19th February.

127. Under these circumstances, it is clearly possible that this patient may have
been exposed to some risk of infection from the produce bought by his father at 37
Bussex-street, and received at Lindfield on Sth February, but this remains a possibility
only ; he could not have veccived the infeetion from the produce he unloaded,
beeause he was attacked on the same day. DBuat his visit to No. 39, Sussex-street
(possibly, also, to Nos. 49-31), coincided with the most probable date of his infeetion ;
for, from the morning of 16th February (say, at 11 a.m.), to the evening of 18th
February (say, at 8 p.m.) is fifty-seven hours, so that his iliness began during the third
day after his visit. No plague-rats were found at No. 39 (lhey were not searched
for there) but some were taken at No. 41 (next door) on 15th and 19th Febroary.

128. Case 28 occurred in a carter at a produce store, who sometimes slept on
the ground-floor premises conneeted with stables in the back yard ; and here, when
the rotten flooring-boards were removed, n mass of, rat-burrows was exposed,
and 6 carcases, at about the same stage of putrelaction, were vemoved. Case 42
occurred in a carter at Nos. 49-51, Sussex-street, just mentioned above; but
there was no history of dead rats in connection with Case 56, though the patient
was certainly not infeeted at his residence in a distant suburb, and was carter
to another Sussex-street produce dealer. The premises at which Case 59 lived,
though in a neighbourhood consisting of poor house property (in very bad repair),
factories, and wharfs, where plague-rats had been before and were afterwards
found—one of them in the lane outside his house, and close to it—offered no
sign of infestation. Stables at the wharf at which Case 89 was watchman were in
bad repair and order, and infested with rats, but it was said that none dead had been
seen there for three months before. Case 106 was stableman at premises attached
to Jones” Wharf, and slept in a species of huteh extemporised for him. 1t was said
that no rats had been seen, alive or dead, for a long time ; however, on examination,
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abundant signs of present infestation were seen, and theee days after this patient’s
attack a plague-rat was taken at the Municipal thl‘f at the foot of Bathurst-street,
adjoining Jones’ Wharf. These premises were also infested very badly with fleas.

120, The foregoing faects afford a Turther and fair example of the kind of
rnlntiunﬁlljp between diseased rats and plague in man which we have observed o1
closely-inhabited and (during the day) thiekly-populated business arcas. The long
space of time, covering duration of the epidemie, during which plague-rats were
fortheoming from the arca deseribed may be noted ; the small proportion of the
total buildings npon it (which, together with 41 wharf premises, were 1,234) from
which plague-rats were collected; the small proportion of the total number of
houses in which any rats were captured (namely, 58, 1o which 1,170 successful
visits were paid by the rateatchers); the want of coincidence between identified
plague-rats and eases of plague in man on the same premises, but also the
frequent associntion of rats recently dead from some epizodtic disease with plague in
man may be pointed out. But, on the whole, T infer that the place-connection
between epizootic and epidemie plague is far from being in reality as obscore and
doubtful as from the ascertained facts, which Lave been given above with serupulous
precautions against exaggeration, it might be judged to be by those who have
never attempted to examine the rats of a large city. For the obscurity, in my
opinion, arises solely from the difficultics which the investigation necessarily presen
namely, the pliysieal cirenmstances of the area to be examined and the habits
the animals, together with ineptness of the labour which alone has been available
for use as an instrument of search.

CEXTRAL AREA.

130. We now turn to the Central area which, it seems most probable, was
infected from the wharf line on Darling Harbour area, by way of streets running
towards it in an easterly direction ( King-strect, for instance) ; the separation between
the two arcas being strongly marked by the entire freedom of Clarence-street,
which runs north and south parallel with the wharf line, but some hundred yards
easterly of it, both from plague-rats and from premises yiclding dead rats.  And it
should be pointed out in relation to this latter statement (though the same is to
be understood of all similar statements unless the contrary is mentioned) that the
not finding of plaguc-rats or of dead rats in this street was not al all due to less
thorough or briefer search in the hounses which composed it.

131. The number of cases which occurred on the Central area was 32, and
they can be divided by loeality into 4 sub-groups; they are shown in the Table
below.,

TasLe XVIL—Showing the serial number, date of attack, adjudged place of infection, and place of residence
of the 32 cases of plague aseeciated with the Central avea.

| [
Berial

Nomber. | Dntoof Attack. | Adjudged Plase of Atinck, I Rabidenen,
| |
A
18 | Feh 14 .| Her Majesty’s Theatrs, 136 Pittabroot...| 130 Reservoir-sirect.
10 | Feb. 14 ... I i v 22 Bullanamingstreet, Redfern.
23 | Feb 15 ... I o oo 247 Churchestrest, Cam wi.
21 | Feh. 12 ... I do vl 115 Nolsonstreet, Leichhardt
33 | Feb. 25  ...| Her Majesty's Hotel, do «..| Her Majesty's Hotel, 1808 Pitt-st.
23 | Feb 16 .| George Hotel, 188 Pittstrect ... ... George Hotel, 158 Pitt-stroct. :
=11 | Fols., 24 I Siddaway's, 47 Market-strect ... «oo) 09 High Holborn stroet.
43 | Feh 27 .. Iy do «.:| Bondi.
el
2 | Feb 19 ... Criterdon Haotel, 258-002 Pitt street ... Georgestreet, Redfern.
27 | Ileb. 23 el Dha il ...| Paragon Heotel, Circular Quay.
29 | Feb. 21 | Do do ...| Criterion Flotel, 255262 Piti-street.
31 | Peb. 25 ...| o do - | do do h
43 I'eh. 232 | s do 5| do da
39 Feb, 24 . | Tha il do it
g Ia da do do

40 i Feh. :
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HE:““' : u.m{mt.l Adjudged Place of Attack. , Hasiduncs,
L
41 Feb. 87  ...| 482 George-street (chinmbors) ., oo Orwell street, Pott's Poink
81 | March 3 .| () 251=F Pittstrect ... oo 198 Oxford-strest,
46 | March 3 .. (1) G.P.0O., 137=537 Pitt-strect .., ool Hurstrille,
419 Feb. 85  ...| 337 Pitlstrect ... Ch 4 ol Petersham,

65 | March 13 ...| 156 King street... ool 164 Woolloomooloo strest,
BT March 10 ...| Imperial Aveade (off 170 Pitt-street) .| 165 Liverpool-strect.
76 March 16 ... 1 Kh:g-atmt-... ik b ver| Bannister-lane, Ultimo
80 | March 25 ... 134 King-strest... sl 134 King-strect.
81 | March 25 .| S8trand Aveade (off 195 Piitatreot) ... Randwick.
84 | March 26 ...| Royal Arcade, 267 Pitt-strect ... woo| Strathfeld.
116 | May 4  ...| (I} 305 Pittstreet | 57 Hutchinson-street, Surry Hills

i reE nam ua

Tk
52 | March 11 ...| Contral Exchange Coffos Paloes .| Contral Exchange Coffee Palace.
53 | March 11 ... i il
[ii} March 13 ...[ (D o Tor Fir 18 Emskineville-romd.
67 | March 18 ...| 111 Yorkatreot... ool TO Walker street, Tediern.
G March 13 ...| (1) Central I':.tn:lmn,gu Cotfes Palace ... 554 Crown-strest.

76 | March 20 ...| 35 Market-strect & Healoy-atront.

o

132. The 32 eases which oecurred on the Centreal aven were infected, as far as
ein be judged, on 17 premises only. A note of interrogation preceding the adjudged
Eh;m of infection imtimates that doubt attaches to it in that relation. At Hee

jesty’s Theatra and Hotel (which constituted one building structurally) 5 cases
occurred, 2 at Siddaway's boot factory, 47 Market-street, 7 at the Criterion llotel
(and Theatre), 2 (probably) at echambers which ran through from 251-7 Yitt-strect
to 432 Georgo-strect; and in the Gron p D, which lay west of George.strest, 4
{probably) in conneetion with the Central Exchange Coffee Palace. "Thieir dates of
infection extended only between 14th February and 26th Mareh, if Case 116 (attacked
4th May) be omitted which may perhaps be done, beeause there was almost equally
strong reason against regarding either the patient’s place of residence or his place of
employment as the place of his infection.

133. The ascertained state of the Central area as regards epizodtic plague is
shown in the table below :—

TasLe XVIIL.—Showing the sitnation of premises on the Central area at which plague-rats wers taken,
and the dates on which they were taken,

Her Majesty's Iotel and Theatee, 186-3 Pittstreet ... Jan, 20, 30, 31, Feb. 1, 8, and 11.
180 Pitt-strect wn Hels T4,
4844 George-streot ... Feh, 32,

Imperial Arcade, next 170 Pittstreet ... ... .. Foh 25,
Ti=78 Kingatreet ... b Fuls, 25,

Kingatreet (F.F.1. Co% “ new shop™) ... v Pl 206G

Bt Anidrew's Behool, 314 Pitt-sireet vos Mnreh 4.
$2 King-street e gl 4, 5,
218 Pitt-strect we April B, 11

13+ On this area, then, plague-rats were identified in conneetion with
TMer Majesty's Theatre and Hotel (but see the special account of these and other
vemises which yielded multiple cases, pp. 52-536); dead rats in number at the
Criterion Hotel; the same at 47 Market-sireet; a plague-rat at 4548 George-
street on 22nd February, which building is next to 452, where on 27th February
Case 41 was attacked, and which also ran throush to 251-7 Pitt-street, where Case 51
attacked March 3) was at work as a honse painter. Case 49 worked at a very
dly infested tailor’s shop, thongh no eareases were found at it.  Case 55 worked
at an hotel, where plenty of rats had been seen, and where (as the patient said) a
sick rat had been caught the day before his attack, thongh no carcases were found.
It was ascertained at the restaurant at which Case 57 worked, that 3 dead rats had
Dheen taken from under a stairease a few days before her attack, and it will be observed
that No.170 Pitt-streat (see Table XV 11 is but five doors from No, 180, where a plague-
rat was taken on 14th February. Case 70 worked at a mercer’s, which was badly
infested, and whenee 4 putrid carcases had been removed three days before her ﬂttmﬁc,
o an
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and 4 rat-nests from under the flooring-boards.  Case 50 lived at a publichouse very
badly infested, both by vermin and rats, whenee 4 carcascs and large quantities
of rubbish aceumulated by rats were removed. Case £4 occurred at a tailor's, where
9 earcases were removed from under the floor of the room in which the patient
had worked, as well as very large quantities of aceumulated rat-rubbish. 8o, also,
as regards Sub-group D, very many earcases, live rats, rats’ nests, and large accumula-
tions of rat-rubbish were removed from the place at which Cases 52 and 53 lived
and were attacked (eompare, also, Cases 60 and 69, who more or less regularly
frequented this eating-place). But, as regards the rest of this sub-group, no good
evidence of disease among the rats which, nevertheless, infested the places of their
employment, was obtained. Next, as regards the dwellings of those who did not
reside at the adjudeed place of their infection (namely, 22), seven lived in very remote
suburbs, at distances of from 3 miles to 9 or 10 miles, only ome of which ever
vielded an indigenous case (but sce Cases 61 and 127, Camperdown area, for the
special circumstances), or harboured an imported case. The remainder lived at
less distances of a mile or two, and rot in suburbs ; a majority of them dwelt in
neighbourhoods which never fell under suspicion of infection. There were but
two or three among them who could be considered to have run some danger
from loecality, but in no ense were the dwellings of any of them found to have
harbonred dend rats, or to be infested with rats; |'|."!ﬂr.|;r' all of them having been
absolutely free from all traces, T will not say of infestation, but even of visitation,
Enough has been said, perhaps, of the Central area to show once more the kind of
relationship which has been ebserved between plague-rats, or dead rats, and plague
in man; and to show why, in the absence of evidenee of spread by all those means
which are elsewhere constantly inveked to explain the epidemicity of plague, we
have concluded that, at Sydney, epizoilic plague is causally connected with
epidemie plague, and not merely with occasional individual eases of this disease.

GEXERAL SURVEY OF THE REMAINING AREAS.

135. The North-central area afforded but € cases of plague, of which 5
ocenrred at one house. Further reference to it may, therefore, be df}lnycd until premises
which yielded multiple cases come to be separately examined ; but in the meantime
it should be noted that in all respeets of occupation and pnll'uﬂntinn, it was similar to
the Central arca just dealt with. Two of the 5 areas which alone remain to be
noticed yielded G cases each on 5 premises in cach, while the other 3 yielded
only 2 cases cach on 2 premises in cach. These 5 areas are Woolloomooloo,
South-west central, South-east central, P'yrmont, and Camperdown. Plague-rats
were found in some neighbourhood or other at some date or other on each of them;
but it is hardly worth while to continue the illustrations already given in detail of
the kind of connection which existed between them amd oceurrences of plague in
man, since the result would merely be to further exemplify what has already been
deseribed at length.,  Yet there is one which presented noteworthy points, of whieh,
therefore, some details may be usefully gi‘run.

CAMPERDOWE AREA.

136. Case 20, oceurred in a scene-shifter, employed at Ier Majesty's Theatre,
who was adjudged to have been infected there, and who was attacked at home
during the night of 15th February; he lived at 247, Church-street, Camperdown,
and he lay there until 17il February, or for alont 40 hours, when he was removed
to hospital. e had a right inguinal bubo, morphological test positive ; recovered ;
duration of illness, 23 days. Disinfection of his small one-storey cottage was begun
immediately after his removal, and was quickly completed. 1t was of wood and
brick, dilapidated, dirty, damp, rotten, and infested with inscets, but free from all
traces of rats,

137. A month later—that is to say, on 13th March—Case 61 was attacked at
77, George-street, Camperdown, 7 or 8 chains easterly from Case 20 (see Diagram 11I).
This patient was an old woman, who had not been away from home for a long time
past. She had aright axillary bubo, was removed on the third day of illness, and died

on the fifth day. Her cottage was of brick and weatherboard, and in a r:.um{li}(i:;m
which
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which rendered it unfit for habitation, so that soon aflterwaweds it was pulled down

with consent of the owner. It was very badly infested with rats; the patient’s

husband said he had removed 3 carcases from his bedroom on Gth Marel, but also

that he had previously laid poison; on raising the floors abundant teaces of present

infestation were found, and 3 more putrid carcases were removed from under the

E:!q:mm floor. On one side of this cottage was a hiouse which had a stable attached
it.

138. In conscquence of ocenrrenee of Case 61 a block which was hounded
by George-street, Church-street, Burton-street, and Missenden-road” was taken in
band by the eleansing staff on 25th Mareh (finished 7th April), which included a
produce store at the corner of Missenden-road and George-street.  Prior to this the
ul:i]gll.buurllmd had begun fo be searched by the rat staff, but nothing of importance
had resulted, exeept that rats were found in considerable numbers at the produce store
just referred to—17 having been eaught there by it on the night of 25th Mareh.

139. After a rather long interval, namely, on 21st A pril, one plague-rat, and
on 23rd April, 3 plague-rats, were brought in from the store (search of these
articular premises having been intermitted of eourse, and probably resumed merely
ecause it was a good place at which to eateh rats), whereupon the place was closed for
cleansing and rcconstruction. It included no living apartments; its proprietor
occupied a house erected on a low bank at the back of it, entively detached, and
reached by a flizht of uncovered wooden steps. Here his wife (Case 127) was
attacked with plague on 13th May; she exhibited a right axillary bubo, and recovered.
No further earcases were found at the dwelling, which was reported to have been in
good order and repair; the store lad continued closed from about 25th April,
cementing of rubble foundation-walls and conercting of the floor not having been
completed until long after attack of Case 127.

140. This instance presents several points which deserve attention. In the
first place the neighbourhood was remote from other infected spots, and doubtless
receiveld its infection per solfum ; in that case there is a reasonable presumption,
raised by experience on other remote areas already recounted, that it was trans-
ported there with supplies delivered at the produce store. Now the owner of the
stable next to the house at which Case 61 lay proeured his feed from this store.
But the dates do not nearly agrec. Case G1 was attacked 38 days before a plague
rat was found at the produce store, and as far as this point furnishes a ]I:iut. it
suggests that the infection was really travelling the other way—that is to say,
casterly from Case 61 towards the produce store, and not westerly from the store
to Case 61,

141. Attention is thus drawn to Case 20, which lay still further west of the
produce store than Case 61, and to the statement which has been made that the infee-
tion is commonly introduced to a clean neizhbourhood by man and communicated
from him to therats.®* Evidently, from the pathology of plague, this might happen,
although reason has never appeared in our experience for suspecting it; and the
present instance seems to me not to be one n—l:ir_};: sngeests that sequence of events,
For, on those same pathologieal grounds, a ease of bubonie plague of an unusually
mild deseription (the patient was discharged from hospital on the twenty-third day of
illness) cannot be supposed capable of difusing infectious matters during the first 40
hours after the onset, within whieh term this patient was removed to hospital ; his
cottage, it will be remembered, having been disinfected immediately afterwards, and
finished within less than 72 hours of his first symptoms.  There is thus every reason for
regarding Case 20 as independent altogether of the two subsequent cases and of the
plague-rats afterwards found, and as having been merely one of those imported
cases of which so many were met with during the former (as well as during this)
epidemie, and from which no eommunication of the disease either from man to rats or
from man to man ever took place.

142. Mow did Case 61 come to be infected from the produce store since
plague-rats were not found at it until 38 days later ¥ There is, indecd, no more
than a suggestion that the infection was received thenee; and the possibility must

be
* Bee for inst M dum on the Inflaence of Rata in the dissemisation of Flagoe, by W. J, Simpson, M.T),
printed for use of the Colonial Oifice, May, 1000, *° Man a8 & rulo is the chiel imporier of |=%mu= it a locality, while the

mal at the commencement i the chiel disseminator.”
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be noted that it was carried into the neighbourhood in some quite other and
undiscovered way, and that it may have spread gradually from some point much
further to the west, perhaps, than even Case 20, through the premises at which
Case 61 dwelt, and so towards the ;]1‘0[[“1’.“13 store, Buch econjectures, however, are
merely disabling unless they arise in some aseertained probability ; and no suech
probability ever appeared, notwithstanding sueh a watchful examination and
consideration of the circumstances as at the time justified the setting aside of the
origin of the infection which the certainly indigenons Case 61 had received as an
unsolved problem.

143. We have then to review the data, and on doing so it appears that
as a matter of fact there is no evidence that the produce store was free from rat-
plague at any particular date prior to 21st April. Even the healthiness of the 17
rats taken there on 28th March must remain doubtful, for at that date only seleeted
rats, and those chosen by the rat-catchers themselves in accordance with rough
general rules which have already been mentioned, were delivered at the laboratory ;
while, as noted above, the premises were not kept under anything approaching
continuous observation after failure of the efforts to discover plague-rats in the
neighbourhood, which were made immediately on notification of Case 61. Hence
this case illustrates the practical difficulties met with in attempting to demonstrate
in the field the nature, in particular instances, of the connection between epizoditic
and epidemic plague, as much as anything else; and therefore it may be left, after
it has been pointed out that Case 127 did not ocenr in the detached, elevated,
cottage behind the produee store, until the latter had begon to be thoroughly turned
out in the course of repairing it so as to render aceess of rats to it less likely, and
the burrowing of rats under its floors and about its foundations almost impossibile.

DEescr1PTION OF A BINGLE INDIGENOUS CasE AT NEWTOWN.

1Lt There is also one case, solitary and detached by neighbourhood from all
others, which ocenrred at Newtown ; it deserves description, beeause the discovery
of plague-rats onee more clearly preceded the infection of man by several days.

145, On 23ed April the Sanitary Inspector to the Loeal Aunthority for Newtown
deliverad at the laboratory two rats whieh had been picked up in a lane at rear of
premises oceupied by the Davis Butehering Co., 237, King-street; they presented
gross signs like plague, but were too putrid for demonstration of the nature of
their disease. On eaeh of the days, 25th, 26th, and 30th April and 1st May, other
rats caught or found dead on the premises named were brought in by the Departmental
staflf to the number of 62, ten of which were ascortained to bhe infeeted with
plague. No plague-rats were collected from adjoining or adjacent premises; and
as soon as the buteher's shop had been closed and handed over to the cleansi
staff, together with the whole block in which it stood, delivery of rats at ‘:ga
laboratory ceased, in accordance with the custom which arose merely in the
exigencies of work, and which was designed to velieve the laboratory staff as soon as
the fact that the rats on any particular premises or in any cleansing-block of buildings
were infected with plague had been firmly established.  The shop was of moderate
size, in a city street; it was in very bad structural state, and had a small yard
entirely built over. The latter contained stables where several horses were kept,
annexes nsed for purposes of the extensive business, and accommodation for the
s%:mghtcring of fowls which were temporarily housed there to an average number of
about 2,000,

146. There were also in the same block several old premises which had been
allowed to stand from times when this suburb was rural until leases should fall in;
they were in an indescribable state of disrepair, thongh presenting to the high
road on which they stood shop-fronts whieh, to the easual observer, were not quite
disreputable.  All of these were so badly infested with rats and elogzed with rats'-
dung in every part not habitually walked over that it scemed doubiful whether man
or the rats might more jusily be deemed to have possession. These shanties were
interspersed among many fine buildings which from time to time had been erected
on allotments of which the leases had fallen in more or fewer vears before; and

their
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their continued existence wasa disgrace to the Local Authority, who ap to be
ignorant of the ample powers which they possessed under the Public Health Act,
1896, to cause them to be closed and demolished.

Case 108. A, P, m., 54 ; suddenly attacked 27ih April ; left femoral bubo; recoversd. Waa a
cabinetmaker ml-p]:ll)'lbﬂ at 363 Kent-stroet, with eight others; the shop was in exeellent staie, and no
suspicion ever attached to ir, Hesided at 245 King stroet, Newtown, five doors from the Davia Butchering

¥, and in the block which was cleansed in connection therewith. Here his family kept a
stationer’s shop ; the building was in bad repair, avermge cleanliness, and on being taken in hand Ly the
disinfecting stafl was found to show abundant signs of boing badly infested with mits ; but only one carcase
was removed from beneath one of the floors, :

147. The careases brought in on 25th April had been soon ascertained with
sufficient completeness, nnder the circumstances, to have died of plague; but time
was afterwards lost in attempting to get the Local Authority to do its duty, under
supervision, without suceess; and partly in consequence Case 108 was attacked

cleansing of his premises had begun.

148, IMerewe see an instance of place infection per salfum, and a further in-
stance of precedence of rat-infection over the infection of man. Here, also, is another
illustration of our not uncommon experience—namely, that persons exposed on
premises where rats are most numerous and are suffering most heavily from plague are,
nevertheless, not necessarily the first to suffer, nor even sure to be attacked at all ;
while persons living in the neighbourhood on premises which show no important
sign of presence of epizobtic plague may and do suffer. In short, as we know that
pﬁgu&-mlx are not in and by themselves infective for man, so we are compelled by
this and many similar examples to assume that the chain of circumstances necessary
to bring about communication of this septiceemia of the rat to man is lengthy,
and rarely complete in all its links; for though the meighbourhood of plague-rats
seems necessary to bring abont infeetion, contact with them is elearly not necessary
and, if brought about, does not ensure, nor much increase the probability of, its
being eontracted.

149. With the two preceding instances, which present features differentiating
them from others so far mentioned and worthy of careful consideration, I conelude
this exposition of the beginnings of the epidemie, to which accounts of its complete
course on certain areas have been added. It does not comprise a reference to every
ease that oceurred, nor a deseription of the events recorded of every area; but it has
been carried almost as far as is necessary to pourtray the usual course of events, and
(it is hoped) to place the reader in possession of the general grounds on which we
have formed our opinion that epizodtic plague among rats is here o precedent and
indispensable condition of epidemic plague, It remains, however, to examine the
distribution of cases among houses in relation to alleged spread of the infection of
‘plague from the sick to the well by direct, and by indirect, channels. Before doing
80, however, there still remain two occurrences which must not be omitted from
deseription. One concerns plague in man, marsupial and some other animals, and
in rats at the Zoologieal Garden at Sydney ; the other a solitary indigenous case at
the city of Newcastle. Both of them throw light on the practical management of
plague-epidemies ; the former also contains some novel observations of interest,

PLAGUE AT THE Fo0LOGICAL GARDEN.

150. On 11th April, the Superintendent of the Zoological Garden submitted the
intestines and liver of a wallaby for examination in the analytical laboratory. He
said that during the preceding six days 7 kangarcos and wallabies, which had
been in apparent good health, had suddenly fallen down, become convulsed, and had
died after about two hours’ illness, whenee he suspected poisoning, In the analytical
laboratory signs of disease were noticed in the liver, and the specimen was referred
to the micro-biological laboratory. By the 18th April it had been definitely ascer-
tained that this animal had died of plague.

151. On that date, therefore, the Secretary to the Trustees was directed to
elose the Garden to the publie, and he was informed that a thorough cleansing and
disinfection of the grounds and cages must be commenced at once. The work was
carried out under immediate direction of Sanitary Inspectors of this Department,
the Trustees having found labour and materials, 152,
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April, it will be well to mention the organisation which existed, as well as the state
of the Garden, at the time it began to be cleansed. The Garden was first established
in 1880. Tt was placad under management of a Board of Trustees. Iis income
was made up of donations, subszriptions, admission moneys, and a small annual
subsidy from public funds, and had never been quite adequate to the reasonable
needs of the institution, These facts are mentioned beeause, although the eollection
of specimens, the laying out of the Garden, the arsanzement of eazes and enclosures,
and the general appearance of the institution were highly ereditable to the Trustees,
many and serious defeets came to light, of which some could not have been effectually
revented or removed, except at a eost far beyond any resources which ever had
sween at their command.  The Board has now drawn attention to this matter, and
has submitted several recommendations upon it to the Government.

52, Befora proceeding to deseribe the course of events subsequent to 15th

153. The Garden ozcapied o triangular picee of land which measured about
twelve acres and a half, and which was enelosed by a galvanized iron fence in had
repair; it oceupied the angle formed by the junction of Cleveland-street with Rand-
wick-road, and was bounded towards the north by Moore Park, towards the east b
a great extent of park lands, while on its third side {lere were no houses towards
the west for a hundred yards (see Diagram 11).  The subsoil was blown sand, of great
depth. Water was supplied from the public mains; buf in the middle of the well-
planted enclosure was a small lake, which was filled by surface-waters. The lake was
furnishied with an overflow pipe, which entered a sluiee-box on its bank; the drain from
the sluice-hox was of G-inch e.w.z. piping, the mouth of which was defended by a
wooden sluiee-valve, found on examination to effectually stopit, and said not to have
been raised sinee heavy rain had fallen several months before ; it discharged into a
covered storm-water deain 80 or 40 chains distant. At beginning of April the pond
was already almost dry.

154. About the date at which the unusual mortality among the caged animals
began, the colleetion consisted of between 400 and 500 specimens. The staff
comprised G keepers, 3 gardeners, a buteher, a gate-keeper, and a cirpenter, under a
working superintendent (Mr. Ilolmes). The cages were for the most part arranged
around the three boundaries, but not everywhere in single lines; there were, in
addition, many aviaries and louses scattercd about the inner part of the grounds.
There were also a refreshment room, a pavilion for visitors, an office building, and a
residenee for the superintendent, who was the only member of the staff who slept on
the premiscs. Near one corner of the triangular enclosure was a slaughter-house
and boiling-vats; here, also, was a dung-heap, where it had been the custom to
accumulate all stable-bedding and refuse for twelve months at a time, with a view
to using it at the proper scason to enrich the sandy soil.

155. The premises were not conneeted with the sewers. The public urinals
discharged into the sand ; other conveniences were furnished with pails, which were
emptied by the staff, the contents being utilised about the grounds. Several of the
cages oceupied by the larger animals drained by e.w.z. piping to the little central
lake: but others of them had wooden floors, through whicl stalings and the like found
a way to the under-space, which in some cases was enclosed by brick walls, and was
dark and filthy, The enormous dung-leap, then representing about cleven months
acenmulations, was offensive; and at this partof the grounds were several cotta
or small wooden buildings, which at some time had Deen in use, but which had
become ruinous, filthy, and overgrown with weeds, Near by was the slauglter-yard,
which was unsuitably found; although superficially not very unclean, it was in
reality extremely foul, and its construction was such that it hardly could have been
kept strietly clean. A very large quantity of lumber and refuse was removed from
various parts of the enclosure, and burned ; and some places were so offensive that
the men could work for only a few minutes at a time. In short, it seemed remark-
able, under these conditions, that none of those outbreaks of septicremic diseases, to
which animals in confinement are espeeially subject, had previously been reported.

156. The eleansing operations oecupied several weeks, and during the earlier
part of them the mortality among the caged animals continued unusually high.

Whereas the monthly number of deaths was said to have been generally from 5 to 8,
: between
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between 5th April and 10th June no less than 52 occurred. The bodies of 45 of
these animals were examined in the laboratory, with the results described by the
Micro-Biologist in the following !*{']imrt. Bricfly, in 11 eareases, which comprised
7 marsupials, 1 Indian antelope, and 3 zuinea-pigs, plazue was demonstrated ; in 8
careases, which included 6 marsupials, although the post-uortem signs suggested death
from plague, bacteriological tests did not confirm the suspicion; while in the
remaining 28 no signs of plague were discovered, 4 of the earcases having been
received in too putrid a state, while 10 others furnished clear evidence of some
other cause of death.

Buacleriological Report on an ontbreak of Plagne amongst Animals af the Foological
Garden. By Frank Tidswell, LB, M.Ch., D.P.I., Micro-Biologist fo the
Board of Health.

157. It has happened that from time to time the viscera of various animala dying under suspicions
circumstanees at the Fjulugical Gardens have beon submitted to this Department for chemical analysis.
In accordance with this custom the stomach and liver of & Wallahy { Macropus &p.) was brought to the
chemical laboratory on April 12th, 1902, but was referred to this laboratory because the liver showed
gigns of being distased. On examination this organ appeared to be swollon and softer than natural. It
was deeply congested, and showed numerons greyish white neerolic looking areas of various sizes, but
mosily about 4 or 5 millimetres in dinmeter.  Smear preparations revealed the presence of numerous
bacilli, most abundant in the neerobic areas, but present also in the tissue between them, the appearanee
of which suggested Baefllus pestis bubonicoe. The further examination of these miero-organisms gave
the following results ;—

(L) Morpholegical eharaciers,

158. Bacilli in the original prepamtions polymorpbie, but for the most part ovold or shortly eylindrieal
with rounded ends; measuring 1'6-2dp long, by °5 to “%p broad.  Spoecimens from enliures were more
regularly in form of bacilli and shorter than in e original preparations.  Specimens from dry agar
cultures showed numerous swollen, rounded or oral, often vacuclated elements (involution forms). In
the original preparaiions amd thoee from solid euliure media the individual baeilli were isolated, but
prepantionﬂ from broth showed short chaing. In hanging drop preparations most of the clements wern
quiegcent ; here and there some were found wriggling, but no change of place oceurred. No spores
were obserred, neither in the original preparations nor in any from cultures o= tissues subsequently
cxamingd. The bacilli stained readily with ordinary aqueous salutions of fuchsine or methylene blae,
showing marked bipolar colouration, but were dizcolouriced by Gram's method.

(Ir) Cultwral characlers.

150, On nufrient agar at 36°0. inoculated with the original material, the growth was visible in about
twenty-four hours in the furm of minute bright dots. During the suceeeding fow days theso becams
more or less fused into a confluent growth ; semi-transparent at the edges, clondy in the middle. Sub-
cultures appeared in about twenty-four hours in the form of faintly cloudy streaks 2 or 3 wmillimetres
wide, sticky., The growths were composed of bacilli Hnnmﬂing the |nnr|hlmﬁ11:ic.l.l characters deseribed
above. On dry agar the growih was very scanty and showed numerous invelution forms, ns alread
mentioned. On muirient gelatine plafes at room Lemperature, growth appeared in forty-eight hours in
the form of colourless dots, Under the microsco ye the colonies were granular, generally rousded in out-
line, but showing blunt angulation at different points of the cireumference.  Jn gelatine fubes the surface
streak was whiter than upon agar, and the granular growth appeared for a short dirtance below the
surface in siab culiures. The gelatine was not liqueficd. 0w Lecfler serum at 3u°C. sub-cultures
Tpe:red in twenty-four hours, and subsequently developed into a streak 2 or 3 millimetres broad, thicker
than eorresponding agar growths. Ja bowillon ot 36°C. there was a formation of spicules of growth
attached to the sides of the tubes, and & seanty deposit at the boltom ; the broth remained elear. Special
enb-cultures in flat flasks gave abundant sinlactitic growihs.

(IIL) Pathogenic characlers,

160, Guinea-pig A, inoeulated in leg from a twenty-four hours old agar culture, beeame sick in twenty-
four hours, developed a bubo on following day ; was comatose on third day, and found dead on morning
of fourth day after inoenlation. The region of inoenlation was swollen, and showed haemorrhagic cedema ;
adjacent inguino-femoral lymphatic glands swollea, deep red in colour, and surrounded by sanious
aﬂ]nli:m. Numerous small hemorrhages under the ekin and serous membranes, and in heart, lunge,
liver, kidners, spleen and intestines.  Viseera showed general congestion, Liver I‘:I:I]H.I ged, and showed

ish recrotic spots.  Epleen enlarged and richly wottled with small grey necrotic spots. Suprarenal
meu deep red in colour. The bacilli above deseribed were abundanily present in the bload and
viseera generally, and pure eultures were obtained upon various inedia inoculated with material from thu
inguino-femoral glands, liver, and spleen.

161. Guinea-pig I, inoculated from same cullure ss A, beeame s'ck in f.wml}--fmur_hourn ; bubo
developed in same day ; got gradually worse during nest two days ; was comatose on evenisg of Tourth
day, and was Found dead on the moining of the ifth day after inoculation.  Post.morfem appea l‘!-ﬂﬂ‘!lﬂ-f
pmclina'ﬂ{ same character as guineapig A, but spleen larger and even more richly mottled with gl'?j‘:lrh
areas. The bacilli were abundantly present in preparations from the bube, liver, anil spleen, and were
obiained in pure cultures from same organs,

50—-F 162,
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102, Guinea-pie C, inoculated in the leg with scrapings feom the liver of puines-pig A became sick and
developed bubo in ]t-\.E-:mtj-!'nur hours; got gradually worse and died during the fourth day after
inoealation. The posf-marfem appearances were similar to thoso in guinea-pig A. The bacilli were
abandantly present in preparations wade from the spleen, liver, bubo, and bloed, and were obtained in

cultures,

163. A rat—which had baen kept in a cage for about a month during which lime it remained in
nppnmni]-r perfect health—was inoculated in the leg from an agar eulture obtained from original material,
The animal was slightly sick in twenty-four hours, grew gradually worse, and died on the fourth day
aftor inoeulation. The posf-morfem examination revealed extensive hxmorchagic adema spreading up
leg and along abdomen as far as chest.  Inguino-femoral glands swollen, and deep red in ur,
numerous emall homorehages under serous membranes, and in heart, lungs, liver, spleen, kidneys, and
intestines : preumonte consolidation of lungs: liver enlarged to nearly twice normal size, spleen swollen
to three or four timea normal size ; suprarenal bodies swollen and deep red in colour; the peritoneum
contained an exeess of scrons fluid, Ei:milli abundantly present in preparations from bubo, peritoneal
fluid, liver, and spleen, and obtained in eultures from same organe.

164, The issue of these various observations thus afforded abundant confirmation of the original
impression that the micro-organisms in question were baeillus pestis bubonice.

165, From the date of receipt of the specimen just mentioned (12th April, 1902) up to 10th June,

1002, examination was made of forty-five animals dying at the Ganlens, ‘With one exception these animals

were subijected to regular post-merdem cxamination, anid materinla then taken were used to perform n

gorios of tosts similar to those described in connection with the first specimen. The observations are

briefly stated in the subjoined tabular statement. The heavy pressure of laboratory work prevented the

rformance of any experiments other than those required to confirm or negative plague, buk obvious
mdications of other diseaszes are duly noted in the table. (Page 43.)

166, Perueal of the list there given will show that with respect to the results of the examination
the animals can be divided into three classes,—

(@) Those positively ascerlnined to be infected with plague; comprising cleven animals, viz., four
wallabins, one wallaroo, one pademelon, oue tree kangaroo, one Indian santelope, and three

Fuineapigs,

(3) Those in which the post-morfem signs were suzgestive of plague, but the subsequent
bacteriological tests were negative; comprising cight animals, viz, New Goinea kangaroo,
pademelon, native eat, rabbit-bandicoot, Tnding gheep, macaque monkey, and two opossums.,

(¢) Those in which both he post-mortem examination and the confiematory tests were negative ;
comprising the remaining twenly-six animals. Of these four, fallow decr, axia deer, opossam,
macagoe monkey, were too putrid for eslizsfactory examination; ten, polar bear, tiger cat, opossim,
guinea pigs (%), New Guinea monitor, Syrian goat, Australinn cagle, Auvstralinn '"]'. qnd.
magpie, showed evideneo that death might liave been due to other causes, whilst the remaining
twelve, macaque monkey, kongaroo rat, native cal, covpu mt, guinea pig, and seven birds,
adjutant, famingo, erane, ducks (3), and marten, gave entirely nogative results, .

167. Tt will be seen, itherefore, that plague was actually found to have affested seven marsupials, ono
ungulate and three rodentz; that there was uneonfirmed suspicion of it in six marsupials, one ungulate
and one monkoy., For the rest it need only be noted that none of the birds cxnmim:ﬁ showed any signs
of plague.

168, Tt may be added that between dates LGth April and 10th June, 1002, there were examined
seventy-six rats taken at the Foological Gardens, aud of these no less than nincteen wero f-uu!'ld !n‘hl
f:!:_fcntedbwil.ltl plague. As stated elsewhere there was also a case in a human being in connection with
this outbreak.

. 100, The associntion of plague in the lower animals with epidemics in man forms o noteworthy feature
of the older writings upon the disease. Modern obsorvation has shown that many species are susceptible
to artificial infection, and that some few, notably monkeys and rodents (rats, mice, bandicoots, b%ulmlu
and marmots), acquire plague by natural means. The goinea-pig and rabbit are readily infected artificially,
but I believe there is no record of & natural epizodtic amongst them. The carnivora are said to be much
less suscepiible ; cats occasionally take the disease, but dogs appear not to do so. The Ungulata are
rariably, and in general only elighily, suseeptible to artificial infection, and it is doubiful whether the
dizease is eapable of becoming epizodtic amongst ihem. There is no reference in available records to
other species of mammals,  Amongst birds, pigeons and domestic poultry are gaid to have soffered, buk
the evidence with respect to their suseeptibility is eontradictory.  The data concerning reptiles is equally
uncertnin ; somo observers nssert, oihers deny, the suseeptibility of snakes, lizards and froge.  There ia
ne available evidence with respect to the Bshes, The only records concerning the invertehmin with
which I am aequainted report the death of flics, and the presence of tho bacilli in, or in the excrela of,
ante, fleas, awd bugs.  As faras 1 have been able to ascertain the serica of cases now reported npon
contain, the first recondd instances of the infoction in maraupials. The speeisl selection of thesa
animals i interesting in view of the Lelief in their zoologieal kinship to rodenta,

Taivie




o oomdored || ([ gl g e p—— pmon o
ﬂnﬁu_“”a_ﬁh_-Eu! _u R | m m _.H.—p_u.m_ aw © woQUUp puy pe fusons jo wnseioe eaed | slajpaoencg oo { prepvay fwwegeny) peg |t Sy ] o
! paqE]oR !._:ai.m.."
sembolgdmsocy | i o BED R P,
e puT san +lroanuioy ﬁ_ LRI R A.ﬂ-_”a._u_.u____.".u.n.u._m”n mu._. ~ et UeE) GANOIG MOTj [Rpnns .u,._.!ﬁﬂ._s_l.ﬂg:n =£“:5_H.
d pue suo0o0y | W P el ) | e ..r__. 8 | pessass m:._.___._ _ra_u._ _:._.- A P pEEIEES [eiaoe § smemnaod sHon _ b T R TR T S
~lays aaed wanosry | x N i | .__ -0 Ajjesenel viseia § uonaae me pod deop epoud _E..___sﬂ it j.j oy .M.a_r...n.vh Fupi 65 | ¥1
o3 T e | b Ry
ST s iggilies g e “. raeogea] peeqdoogyed oyprp cu E..‘amz..saﬁi oqnq o) [‘4axuoyy E__ﬂ._z AR ] [
aanefoyy |4 - w - N ,- .............. - smedno uy .im_i_:. __ _1.,..__.
al B m : .ﬂ .”. ‘_n?_._.ﬁ-__u .__..__._-u____u_u uﬁumﬂ.i_..u_..un_n_: Hﬁﬂﬂuﬂq”ﬂ“ﬂﬂﬂ:ﬁ uun._.na»_.—”“.:._..#_. £ oy A |y 2 qumnipy = ¥ g= | =
P | kb ‘ Kplasp sueiqEIsE EROInE e !._ eimnand Liaqed _.-..._.___—.- -a_uu_lu_m._l.u._.q_”ﬂu nﬂju
mapedesy (4 oM T..n.:.ﬂ.__._ pun Cnaojle ‘Eaal] ! oBUn panEEpoOp) paanrmed sappegg £ eSung
| i 3 || pue “axemp .__n._“..__.n_u_ S IR R ...,._._.!.u eitaawdcing “edamping T
o S 1L ._._.....__m._ “IAT] “ER0aa |eauege] :__x___. ui sedeacmary § wogSaa prni .P.__“_.__.: o fang |-mey] waupne may w o=l o
— vin . um _.. =1 i ._.ui.__.,h m _..u,..u_u..-n.__ Appnptipe noaqds poe zaan foes __uu_.__h_.._.._u.:._ ug prng ._._3-._ J ERRaEe { ooean .._ﬂgﬂm- |
..s.__.ﬁ.dwn_..r. o p B oA —u. AINITAL S IROOTIAE WFel Goa) Frpealy | ) _______.__-__-_ ._:.H_Euﬁ_._. ‘EaEnE g _Hb:n__:u.. ‘mipag ¥
_. S e AR e ATy i __n_.?._; prmsaesdng *isupry .F....__.n__.. Waal] wlaanu myE wp saEviaomaen ! oqne 08 (o .u:_.u._-u___.-.ﬂ == e T
[ N T K CRR | i bt ek R b T R SR _r.r...._._..u-_..._ Apyndns naapds pue
aanuday |1 el . R R ._.“.. ¥ _......q i _”u._._.__._r._“_._.__.x.u ny peng N o moaxo | fang __.._-. oy gyl U_u.__.._-u_-..u_.n
L X | AL | eanpeoyug fownmie ssapon pruaceidng SLOampEs CEaal] EENE i eoSe 0t § ognog oag [ E____r.c_mﬁ. * e 4
.m e o b ._..&:_._._”4 e yyog .."f £p Cetradsfind
.m..__._"u._._.u.uuﬂ rre - .—ﬂ. .................... .h.ua..__..n_.f w w_-la_.muﬂ.ﬁhq._.*l _
H LT .._-u.__.m_\— B R L R R R PO O L L] EHW_: oy :n.d.ﬁ_ 3”_.__Dudu._..—.-u.— frun [0 - 2
i e W LIES I iR Iy #eg
b u. e - | JaA] u. ................................................................... m je s os] .nn:_______..u..m._:EJu_-.__.“__.n___.m“:. G -]
Swnme |
e R IR FEVTRY “aE
dig awpE sy SRR T T TR LT b LA L AT L SRR Ll HesSt A J0 winlie o] !_m._.n_n... __ﬂh-u_h._..u-.?._. -t 8 L]
e ee A e den aas :BE _“ ~rgoes Aoyl _.E..n _#EF_ uE [Ang snoinduavs
anegg |1 | df- ®F s ____w J0 SEIONE L BULIN KM OO} SR uum__i_... DRI IEORE [atog L o) (e
i e Gl S eﬁ E_.,m_,._ i _Vi_.__.ﬂ_.q [ w1 [Ri i E___...M.s_ “yawaig “epirg® el
o o -_._.._. | o | _._..r._..nuunu._h _._ul H...n:.Hﬂ _E:En,m,.u._.....__.m.n. =.uﬂ.¢n.__-..._._n_ﬂ.¥ ﬂihm.._ ._..n__.._.Bu___._._.._ 1) o oquyg |- __“_.u..nq_.ﬂlm— aqu, ai iz °
BT i I R o e uaaqdy ok el bl 3 (mosumndues) pyug jo ‘ﬂ.ﬂu
nndey] L Bt i e 1 b b ERA a £ affun; W.-...a__- SEapi] ..nh_zu__.u ._In."_-u._._-_" DEEE “EAAY] 1Y s Bt
Lo G o |epoepd pemnSag ey n_.wn.n_. uo yuogdar Srepixe pue peopmBer ug salvgasouan @ uoifas pemnSun gja) po equgp |-onpy ‘nojamapeg LA
CLbE W ] Mo n-__._.lmnwm_.ﬂ_— penmjor paw ﬂ.uu.._.._.ﬁ...u Aryeaad Eon_m- e S pmgou ._u.l--rmm
3 . TR L . . e, L [ S Fraim orgnason -
b Rt m .................. uoa(dz | enosonsme msons Snap ! sfepsoney on @ Sugenddos ‘oo jmemiu ,.._.._ ke .Enﬂﬁ.&ﬂnl!..ﬁh___ | £
- I L
...ﬂEE._.— E.nl_n:un—mw H....d-.i“ﬂ.z ame | e e IBAFT " U .—.ﬁmg_—_j.—..!.— ayEgap oo ..q..—n.ﬁ._-.-__u ey, EG.-!H'% il L =
s ] PO PR SRS S E e R el apn ) fendocopy Squregy | TRV AL T
_ _ _ Sl
‘e
a wm | TECRE
» | ma illlu-.“_ iy
R | “wpouni | ynsay by wspser-pras TRUREY ayw N
e e e B e TR




S S B .ﬁr ................. siume L g e £ sy e
el Rl poe|d peundag iy voroyed dgnousnand ¢ oww [easoqiad uy prug jo seoxe ¢ drwy “sarpoq [vuas ‘mmndms w2 |
rng | eayedeg * G i e .ﬂ. ................. 1....}“_ ___Hh_nwﬁ.-h!m.d_ aa1] tepuepd Laiwpze poe ..__:.__rﬂ_-_ furye my selivpaseay § ogng oy esega g mmesoldy LT
PR R () 10aF] _ ...................... Rt
it e £ A OR SQUTUNAE O IMIUmUMINOl poysesu f ove
- anfwpg (£ | e dﬂjnjﬁh vh—hﬂﬂﬁdﬂwﬂﬂh1¥§lnﬂﬂhﬁnﬂ‘i onpugduid] vy fssuipEgar pa mupry ‘pedos
| o N [ o et | Rpveions takoupih puweoipoq A e ISR AT e o | )
\ N L . _ W YN PP snosrndave L) papuneiins poe pedaqes spagd peuissg g5 [uy _.ﬂ.il__.—.h.nu
g L IR e wrsamnmie s g , # o G o ; = i
3 _ NI KT 3 sesessenneesseos funann e morSa cwesongy 4pe) jo e 2 esfuraacnang so ogneg oy Smﬁ L b
gy [ [0 8 o e el |1 et B S P i e 2 Lot S A PR
2 S e o |
"EHEOHInML] E—ﬂ.ﬂEuﬂ | m I, H BRRLS - wrassnsan g .... R L L L T T L ST —-ﬂi.._ﬂ..__.—-._.- "L 3E @1 AjrEos -._u.ﬂ.-.n_..-.-nﬂ._.ﬂ_.— 1 oo 067 JEE- ._.E-._i...ru 5
B B MR A | oy
s .r K| pM f . “ T oUenic . ERER MY ABE je EEXGEs oo “E ORI R, g
BT r 1 o [ o : : ¢ L B . i o
e it I H S I s apawd “avan ‘sapoq [eoaresdng “oat] ‘SOSNIN pUY BIYE D) SASYQLIOWAY | oqug oX ju_bﬂ-,ﬂ_ihbﬁu___r ;
_ w_m L...” i ﬁu i : ﬁh!uvu._:.-h_.o%
arneiayg | . sevsrenes sson grmey |0 srerrisiass ol wjEe s pue Eaja e e
_ N T Aseppien 4y _m.z,.,_._. ! saapod (enateadng ‘sfaupey ‘mrge mosaSvguome ¢ spaed Lo 4poq jo oqug _-nnﬁ;ﬂw__ﬂ%ﬂ \ )
| T T LT T R R R T e P E T PO P s e ey | (e .-'._”.ﬁ... e z.J___h.In_._._m-._m.w aum (F x5
aamyelany o It N m p HiE0gea| (ra12ooq) N o
“pamLguos ﬁ a oy e o o S S Trernees s e poyaen sopsedmnog ..l.!.-m
- B
ORI 1 e gl N paxty S : SBEUT] RN R e i fEal g CRAMLIAIRY EHA
Ty Ampgmosa e | aaeiox 11 e T-ﬁ.ﬂ.ﬁhﬂﬂﬁfﬁuﬁ% o o e M i .._,..i__..__idﬂ,“.; jooqng |sug g waney [ % g
_ _..:mn 3 ...._._ i ﬂ = hm_ o padanpea waspds pue saar] § o paesisEl wopog g seoxs £ amun qr!..:.-hﬁ..__._o__._
iy sessnmssnnies v gaapt | | poawinos sappeiq “._m__..__._ P o INor) eoanqeyUE AR YANIale ]l e T i o
“ all o b L mwﬁ..,_ﬂ_u___._u.c.ﬁ..._.._._.w,____._____..,__A.,._._.._..E_.._L_h..w._,m.m..____q_._ﬁwnh_ﬁﬁh_.pﬁsﬁﬁé
i e n__n.._F.-E .._-#___u—..hﬂ t pollieoa uaapds pare 2aap) (e gD poowmapas JRT0E © pIng J0 SRRINS paurejuoe
~anfi, B ol minsuoyead “autsn _Bﬂ_...pﬁ.ﬂa___._—._ R B .Juﬂ.__”u..ﬂ__..:_._ Uiy m.__u__-:___ A U...ﬁ__..wu-t_.-w = e
A [amagy | g e gnary | puosesdee Ssdoupay uaopds Soag) up safwiguousany @ spoud peumFup syl e g |-edaey .,*_._“__m_.-._..__.._.
“DIEEIAROE X1
ghiteh] e o e  jgia 8 b 1Feqoiyed oN [Reng] upmpuE 0 " g
agiulay ." Ry i o m i i :H_.n__w—_,_ Suoiee jmariojaqyed syEgep o uh_u._uh_.,..__u____E___.__._n.
a5 e 4 i E il L L S o e e o i i ' R e ER R L T * arinom o ¥2 nea *Hod -wompnery | Lt ]
wnnunany |aapefes | v (paxip |t M i ?._._.H_.. m-:.w_m.“_ e b L st B e ? 3
et Haed . I - rrrs - | S el T AL b S ot mnmsEamEmEn LT = w fesavan angL sy [ e
wwoilisaagy |aapidany (4 [ N | N |- ;H._ﬁ_w_m _ﬁ 5 weiitie meapiowred oypipap oy Ao oAy
i), |E i BE b, I B PO PP P P PPPPP R DTYMUEMIT LS jr DEITY 9% PasEsEniad morsedmosap
e s e g N (epueEpeuinSarggdny | o<l _ ickatrmitan il
L 5 ' 2 (b4 il efung gafuos Ajpwesal weea tedun] P jawsi) ) twsoa
ﬂ.ﬁh._._ﬂ!,r“s_...._u W L 8 T .M m ................... 1..___.”_5_:.__ n-"_u"__ﬂ.ﬁ Eﬂndwiuﬂ__”ﬁucz:z.: ug safoyasouany 2 spowd _ﬁn_ﬁ_:._ fu o ooy g ddasgy wepag m.ﬁn“““:
Bujpusies (|5 aueg [ } L
o it _,-."ﬁ._.._ ‘watupady
(L e e e gy i
Wi L ™ i mtrasddy wagso gy
e _
4 C




43

Sy rEmm]

| | |
_ | * smssssnsnnsnn sy Bon mr sstEwl snpowmand wn_.._.__u.a._- Lawynm umpangs —
e puieys |4 0 T T G e maapily | | povons poe pelargns nseds = o eouciesd un piagg o seoaxs 4 e S (Ve LI TEST I RET P
. _ | -widus *efanpry “say ‘epsnu fnye ul safeguona] ¢ uofer Lieqrensue jo oqug sy Helesuney Y 5 | op
. FTT I - T L o o e s IR L " |
anfel] R S £F "ON U1 ¥ owres Depu o sullye * g ¢ epuwd peuinBs e Jo oqug (mang .uE._.h__Rm.n. el MR
| I [ R kaEh s R RE R e A A Ag A SN A SR F Pk
| | | spuomnaed oyovong pysaiuce Apdsap ur syods s £ sods oo -nEu.q_._n_H
o gaSug R R et o] ol 15 st wpapdy | | posonge poe palaeus SEnowsens wsspls paw soarp f mmpassads oqul poogy o
[yt o e e A _J_ OO PeRATLIXS | ous “__nu_.:.__a_.._.__n_ 1 CPInEE o ea0xE G .n._.___.._._ .”E.....n_: __.I__.m.__..n_ ._..unn..ﬂ..___.__:
m ” | *wfampuy “usaple ‘zaay) ‘wugemul pee paEeeis Cspaupd Awoumen Apeenud Hyye e LT T
| : s ¢ : . m_,“.._..___—._.,.__n...w_.___..E_.@ 2)31 resopeslme {gmepange eaSugasomay @ pue)d perniiog agFa jo equyg (eaeg .“..-_a_ﬂ"_.._..- praz RN ¥
seeeeoar e spar S promniug g iy | : _
-oapydag _m S ) [ U e _.u R s e agrie e A A NS AR e
i ". O e T _._ sl wapon-pod spnugap on) [ofpp ‘awg nddegy 0 M g -
[ T O R e ywy |
: N B Y (T Il ke 0 B Eelh e TR |
anrufayg T e 3 | R ._._.t.a.h_— L S s OJRY [0 .”_E_..._wh_n o sump g iF
- i ) R e e i
aary e _w o Bl il i m T _h..Fﬁ_. .- Smnd  enaipfod _
Ruday ._ g oot mnin ol g ._ e gig wagow-geodd sagugop oxp ey fodupmeg vt " gz | oF
R et i Py e Y |
= | mmead | e | f ammsnmianas smnsar s aan e ananaan R R b i
saaryedopy dm i ] NS g (s gaey | pasgarm unysediacacap f wmama s i pnanen
|=12any | f % | S wpien 3 ogae e i . : H LT e T
_n. o 0L e 1—_.._Ma.__‘_.n.-.h!-_ eazquu.-_”u._u_.“..ueru_—u“” upua e § eappon pasavadne oy -.W.JEE!._ oopng oy |‘deymepy anlbenepg 1=| e
; e sen foan r feee pp [iasannnanreesivees pSinpy | | Ty : P - LINA [RAJ1EDL JO WY JAPED VLS enoaoe u.u_-._l..._._.E.n_..uum.
ERH | i | e e _uv..._—__.r.“ FOET pAORE B0 eRE RS D ojawa) e __..:.u:_..___ﬁe:_. “gowieigE A3 S paay _..:_nu,..l.._._..:. .-.n_u_u_lj “[REE twirn
_.. Pl i ol TR saar] .u..r.“_.__._.— “spare(d sreaquasan puw Saupjiee ‘peuinay gy sy up sedfepaasmang ooy o7 sy S0 By Y Fp | g
S Bl Lo s i O Rt
oappallayy |40 | gl ag e e et - u..__..__suo-v.nq_w.._ Fpe uu_.ﬁ.:i..:__?u._..__..._ﬂ_..ae.. 18 : edung ur oy enaran py
_ﬁ XNl NF ! R | ==y { i .?..._““._: e e ‘elaujiey daal) ug sedvpaiemey 2 ogqng ox Cleaguope enbeoepr 0 Y g | g
P e g [ i Ly e S A am) g0 ue ssysyed spomnend § eempsa pan aeuoyE A
ey | e pii) K O ey Taﬂﬁmuzj.un_ 00 £ feomanjiad W] 4By o medts |y i e |
( . _ e ~_ rwpng “2as)] “epued Loeice pae g 3jo) pav iy upefepacong oqog o)y ey Cweeseln oo 0 | oog
SR e R R e o I B T e i s v e e R R £ M 42 A M A s g
aarpelng R e e v gnae] 2 SAARE A g ST Ut ER0M ARNIL A0 AR Ok rpa ) emesny
[ e T e _..”“..“w {) e { wifum] up seare sjuowsnned ! sy ou { wodas oo ne yjo) of saosqy H&Eﬁlﬂﬂnfhﬂ el LU ) | ol
3 L g et I | FER R R 18 ...." et o Bl L T e T . ]
aaneday ur o oN m_ ........ ._E.__.m."m weeeseeeceees ooy go wenEoipor ou f uorfar pew oy ssoey |-y Iu_ha may I M opr| o
CRr e e | _ R o | Eﬂm
¥ e NI s ok S B L ssnsmnassnasscscaasnannnnscnsnnsnss W ..-L.uﬁl-ﬂ-
aapudang w e e R ,.u_.z._..“._" HM anSupd jo smorpesipun ou | wuocmnoud jo sullie uopowm-pe, g oMo _h_.._...-uz_-m. e ol opp
e anm —— .UH R EEE PR PP SRR %3 1 -.n-..
| | :
SR ST maapda (1 .. o W o e L T
aapyuiag ﬁ ws g | e Jmp] w b sesssssssssccecs gmiflen mapeoms podd oytEgap oxp [ong]  uuwpaepg o Y gpo BR
| [ e erdssamssenansnnns s s e cglfumg. i Uy sagoyed wuomnsud-ogon
- onfuyg _m [P ] Bt  waaply | ) ejods orpoasen sncamunn pasoys uns(ds pue 2 ,Eﬂ.__ﬂ.n puE _I!.._“u_..n?_h
ki | e ARART] | I 0 sRsaxa Eopamay W "W apseadng “sfanpey * e
J iz A T | el Wi A | I L e
m _ rqe Cepurep Coewnmen Ouees) spund omfuy g u sefegueway fogng oy beesgr lgeres _ hﬁ—.— o1 18
: Bl sl @ BE S sk
rnop
Enoe
g ily .-.I._._m__ -rmilaag “uampady
e T wxarwrveddy wapow: e pemmuy “ap oy
ey e fopqa sy . :




44

170. From the preceding table it appears that the verified deaths from plague
among the eaged animals occurred as follows :—The first verified death happened
on 12th April. During the next 28 days 7 others oceurred, and they were separated
from the first vervified death and from each other by successive intervals of 12, 3, 8, 4,
and 1 days. A long interval of 28 days then oceurred, during which certain animals died
in a number much above the usnal average, though not of ascertained plague. Then
one of the keepers was attacked (ease 135, 5th June) with, and died (8th June) of,
plague. The outbreak ended about the same time with three further deaths of
animals from plague; these oceurred among a small eageful of guinea-pigs on
June 7 and 10.

171, Here it may be conveniently pointed out that susceptibility of marsupial
animals to plague has now been noted for the first time. Natural infection of caged
guinea-pigs has been noted in Indin.®  Another observation worth recording here is
the presence of buboes in most of the 11 eaged animals which died of plague ; our
experience being that naturally infected rats never exhibit buboes. The cause of
death of the first of them was determined by examination of the liver, which alone
wias submitted for examination ; entire earcases were available in 10 other insfances.
Of these, 5 showed buboes in the left inguinal, 8 in the right inguinal, and one in
the submaxillary glands, while the tenth had the disease in the septicemie form, and
exhibited no enlarged glands, These proportions and distribution were similar to
those we have observed in man.

172. Here, then, we have an instance of infeetion with plague not merely of
man, but also of lower animals other than rats, Only a minority of the animals
was attacked, just as one only out of the 25 or 30 men working among them
was attacked., The man who sulfered was not a member of the cleansing-staff,
but a keeper who, therefore, would appear to have been less exposed to danger
than many others were who, nevertheless, escaped. Again, there was here a long
interval of 28 days in the course of the epizodtic among the caged animals, just
as we have scen long intervals occur in the course of epidemies (between cases
1 and 2, 1900; cases 1 and 2, and 2 and 3, 1902; on the Paddington and on
the Alexandria areas, &c., &e.). These coincidences seem to betoken a similarity
between the secondary causes of epizodtic and of epidemic plague. As to epidemic
plague, such irregularvities ean be accounted for by reference to that secondary
cause which consists in dissemination of the infeetion by rats; and I have
attempted to induee the reader to observe that some of the more remarkable features of
epidemic plague depend upon, and can only be explained by, the capricious way—
irregular both in time and in place—in which infected rats gr.:lgnaﬂjf hecome
distributed over pnllmluns areas which are covered with solidly constructed buildings.
Does a similar explanation apply to the peculiar features of this outbreak of plague
among caged animals other than rats ¥ In order to answer this question the state
of the Garden as to presence of rats, and as to ocenrrences of plague among them,
must be examined.

173. On 21st Febrnary (case 25) a complaint had been made that the Garden
was badly infested, and was a danger in relation to plague, by one of the publie.
The Board directed inquiry, and was informed that the place was believed to be
comparatively free from rats; this information was unexpected, and afterwards
turned out to have been incorrect.

174. On Tth May 1 examined every member of the Garden staff as to his
experience with rats there; but it should e noted that the Superintendent alone
slept on the premises, and alone, consequently, had opportunity of observing after
sunset when rats were most likely to be visible. The Superintendent said that he
had seen increased numbers towards the end of February, but added that during
the long term of his superintendency he had noticed fluctuations from time to time,
and he declined to attribute any special importanee to the increase mentioned.
Nevertheless, it appeared from his books that he had purchased an additional supply
of traps on 5th March. One of the keepers also said that he had noticed an inercass
about that time, and had occasionally seen one or two dead rats lying about.
Another keeper, whose business it was to attend to some birds, pademelons,

kangaroos,

* The Bombay Plague: Compiled under crdersof Government by Captain J, K, Condon, Indian Eiaff Corps.  Bombay
1900, pags 122, ‘
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kangaroos, and wallabies, which were kept in that corner of the grounds where the
first deaths among the animals occurred, said that about the time the illness among
the marsupials ng:m he had found dead rats, 3 earcases one day, and 2 on
another ; and this was so unusual a cireumstanee that he at once reported it
to the SBuperintendent (the Superintendent wounld not deny, but could not remember,
that he had done so). Another keeper, who looked after the elephants and
camels in another part of the grounds not far from the slanghter-house, said
that, although he FI:I.{I been employed at the Gardens for six years, he had
never seen more than a few rats altogether (that is, it will be remembered, by
day) ; but that about commencement of the mortality among the caged animals he
Liad come across asick rat one day, which he had had no difficulty in stamping upon
and so killing. The remainder of the staff, several of whom had been employed for
many years, none for less than three, were unanimous in saying that they had not
seen many rats at any time, and that they had never, or very 1:nrr=I3 indeed, seen a
single dead one. There is thus some evidenee that one keeper had seen dead rats
in unaccustomed number about the time the sickness among the eaged animals
began, and that somewhere about the same time another keeper saw an apparently
sick rat in the open in the daviime,

175. A rat-catcher who had been detailed to secure specimens on 13th April
had had very little suceess, though an experienced and trustworthy man. Between
that date and 21st April, when systematie eleansing began, he had been able to
submit only two rats, both of which were quite healthy.

178. Specimens were first submitted by the cleansing stalf on 23rd April,
and down to 3rd May it had forwarded 21 rats, none of which yielded any
evidence of infection with plazue on being examined in the laboratory. Down to
this date the eleansing which had been done had been on the surfaee ; rubbish had
been collected, the soil of enclosures had been treated with earbolic acid, and eages
and housing-sheds had been sprayed with hot lime-wash : but then some eages began
to bz moved so as to expose the soil beneath them. As soon as this was done
considerably larger numbers of rats were diseovered; and 2 out of 7 thus taken
on May S8rd were ascertained to have died of plague. So also on 4th May,
out of 3 rats one, on H6th May out of 5 rats 3, and on Gth May out of 31
rats 8 were ascertained in the laboratory to be infected with plague. The fact
that, notwithstanding superficial appearanees and inaceurate information, rats did
infest the Garden in large numbers, and that plague was epizoitic among them,
having been thus esta‘hlisde, routine transmission to the laboratories of all carcases
found was intermitted. IHence, although on moving cages and on digzing out
burrows they continued to be found in numbers, plague was not further demonstrated
among them (was not looked for among them) until 7th June. A week or so

rior to that date the yield of rats had fallen off, and had almost ceased ; and, as

as been mentioned already, no verified death from plague had been noted among
the caged animals since 10th May, so that there was reason to hope that the infection
had been eleared away. But immediately prior to 7th June fresh burrows and fresh
carcases of recently deeeased rats began to be seen again; they were observed under,
and in the immediate neighbourhood of, a cage containing about 20 guinea-pigs.
Smoking-out of the burvows with sulphur fumes, and digging-out, were again
resorted to, and plague was again demonstrated in 8 of the rats then caught, as
well as in 3 of the eaged guinea-pigs which died between Tth and 10th June. The
total number of rats examined in the laboratories was 76, and it was possible to
{:’lcnﬁf:,r plague in 19 of them.

177. Tt was thought that this falling off must have been due to some imperfection
in the mode of seareh to that time followed, or to some incompleteness, but, nevertheless,
that nearly all the rats and plague-rats must have been destroyed.  Dnt this was
uneertain ; it was therefore resolved that the surrounding fence should not merely
be made good as regarded certain holes in it, but that it should be sunk beneath the
goil to a depth of at least 2 feet all the way round, so that any rats which might
remain should be econfined to the eneclosure, amd so that oulside rats should be
unable to enter. This work having been speedily earvied out, and all detected
burrows having heen smoked out or dug up without any more plague-rats having
been discovered, it was thought that the Garden was free from infection, and
permission to reopen it was given on 15th August, 17

VTR -3,
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178. Tt has already been mentioned that one of the keepers contracted the
infection. He attended to some of the larger carnivora, of which the cages were
on the same side as the guinea-piz eage, though 90 vavds away from it: he was
attacked on 5Sth June, anl therefore had probably reccived the infection about
Znd June.  He continued to be employed at his own work while the cleansing was
going on, so that it would seem that many men (members of the cleansing-staff) had
run much greater risks. The fullowing arve the particulars of his ease :—

Cage 134 —B.B., 24, m,, single ; o keoper at the Zoological Gardens, where he had been employed
for three years and down to date of attack, His duty was to feed and clean some of the larger carnivora,
wolves, wombats, and Indian swine. He had worked daily, Sundays included ; ocensionally he had done
a little gardening, but not For several weeks before his illnoss. e lived at a house half-a-fmile away, and
left 1he Garden at night-fall.  He was attacked at 330 on the afiernoon of 5th June, with violent
shivering, colic, vomiting, and diarrhwa. His case was reported about midday on Gth June, and he then
exhibited a left inguinal bubo ; presence or absence of wounds in relation to the bubo was not noted.
In view of the circumstances T directed bacteriological examination of liquid wishdrawn from the bubo to
be made, and both morphological and eultural tests vielded positive results. He was removed the same
day to hospital, and died Sth June. Specially careful examination was directed to be made of the house
at which Le Jived. There were mousc-eaten Loles in skirting boards on the ground-floor; all ground-
floors were raised, but no tracea of s were found, Hat-catchers wers told off to catch rats on tha
premiscs, but failed. The other inhabitants said that similar efforts had been made without suceess s favw
weeks bofore by rat-catehers in employment in this neighbourhood by the Local Authority for the City,
At this house there were three contacts ; there were no farther cazes, either there or at the Garden.

179. B.B. had had no communication with any previous ease of plague,
according to the result of inquiries on this head,

1580, How had the Garden become infected #  The larger carnivora were fed
on horses which were slaughtered on the premises.  The rest were fod on fodder whieh
was furnished by a eontractor, who procured his supplies by rail from the country; they
were not distributed from his place of business in the Darling Harbour area, but were
purchased by the Superintendent on the trucks in the railway yard, and were carted
thence direct to the Garden, The same, T was informed, might be said of the
maize, bran, pollard, potatoes, barley, and chaff, which formed other part of such
supplies. Lastly, carrots, greenstuff, bananas, and some bread were supplied by a
Chinese gardener at Botany. The information on these points was not precise, and
probably represented merely the general rule,

181. The house nearest to the Garden at which a case of plazue oceurred stood
16 chains away. This was Case 100, and it occurred in a school boy who was attacked
15th April; heexhibited a left inguinal bubo; morphological and cultural tests posi-
tive; recovered.  The house in whieh he lived with his parents was in bad sanitary
state, and in poor repair; there were stables close to it ; it offered every evidence of
present infestation with rais: the inhabitants said they had complained to the Loecal
Authority before the child’s illness of bad smells in it as from dead rats, and the
disinfecting staff removed 3 carcoses from Leneath the floors when they came to
raise them. The nearest house beyond this at which any case of plague occurred
was G0 chains away to the south-west, the next 54 chains away to the north-west ;
all others were still more remote, and the intervening country entirely covered
with buildings.  The nearest point at which a plague-rat had been taken was 72
chains away to the south-west. The patient was said not to have been away from
his neighbourliood for many days Lefore Lis attuck, except on Gth April, when he
had paid a visit to the Zoological Garden; but this, supposing the date eorreet,

was 12 days before his attack, and, consequently, from 7 to 9 days before the date of
his infection.

152. It thus seems possible that the last-mentioned patient’s house became
infected by invasion of plague-rats from the Garden, but also that the Garden was
infected by invasion of city rats which travelled towards it across the area on
which that louse stood. If the latter had ha ppened, it would be singular that no
cases of plague in man, except this one, should have marked the progress of the rats,
while on the other, it would not be surprising if migration in the contrary direction
should have given rise to this one case alone.  On the whole, our experience inclines

us to favour the supposition that the Garden was infected first, and t wough imported
fodder; but conjecture alone is possible,

DescrIrrion
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DescrierioNn oF A SiNGLE INDIGENOUS CAsE AT THE CIty oF NEWCASTLE.

183. Newecastle is sitnated at the mouth of the Hunter River, in 8. latitude
32° 67, 70 miles north of Sydney by sea. The population of the eity munieipal
district was 14,250 at the Census of 1901, that of the city and a:ljac:f:*nb snbnrhs
32,225. The tonnage entered during 1901 was 1,573,683. The prineipal veeupation
followed was coal-mining. One case of plague had been met with on a vessel in the
port on 17th March (or five months before) which was imported from Sydney, and
which has been elsewhere described (sec p. 15). R

1584. T. O'N., 19, male, single, a native of this State, had been employed at
the Criterion Hotel as cellarman and porter for four months: he had not been
away from the neighbourhood during that term. e was quite well until he was
suddenly attacked guring the afternoon of 3rd August with severe headache, chilliness,
and pains in the limbs. He went to bed, and on 4th August was visited by a medieal
man who advised his removal to the general hospital, where he was admitted the same
day. During the ensuing night he was delirious, and on the morning of 5th August
he had a temperature of 104%; he was seriously ill but nothing could be discovered
to account for his condition. During the evening he first complained of pain in his left
leg, and later an acutely tender swelling was observed in fllm left chain of femoral

lands. Early on 6th August the case was reported to the Medical Officer of Health
or the Hunter River Combined Sanitary Districts (Dr. Robert Dick, M B., D I*IL).
Dr. Dick at once telephoned to the Department his elinical opinion that the disease
was plague, and the Assistant Medieal Officer of the Government (Dr. R. J. Millard,
M.B., D.P.H.) was despatched to Neweastle to consult on the ease with him. Ile
arrived during the evening, and on the 7th expressed his concurrence with De. Dick’s
opinion, At a later hour Dr. Dick was able to report that the morphological and
cultural tests which he had applied to liquid abstracted from the enlarged femoral
gland had both yielded positive results, and afterwards that a guinea-pig which
had been inoculated with a part of the same liquid had died of plague. Nurses
having experience of plague were at once sent up, and all arcangements for trans-
ferring the patient to the Maritime Quarantine Station at Stockton were completed ;
but at the same time he grew rapidly worse, and he died at the general hospital on
Tth August. The body was coffined with the precautions already deseribed (Report,
1900, p. 21), and was buried on the Maritime Quarantine ground.

185. The Criterion IMotel was closed on Gth August, as soon as Dr. Dick’s
message had been received. It was placed under a police-guard instructed to prevent
ingress of all but members of the household and lodgers.  Dr. Dick was desired to
obtain a list of names of all then living at the hotel, and to ascertain whence they
had eome ; and as soon as all had been collected to inform them that they would be
allowed to leave, but to permit none to go until their effects had been disinfeeted
and their professed destinations ascertained. The licensee’s family numbered 6, his
servants 10, and the lodgers 18. The latter were almost all of them commercial
travellers, and none had been out of the State for a long time past; many of them
resided in Sydney, and none had had any discovered connection with plaguoe there,
where the last case had been notified two months before, on 12th June. All the
visitors but one left on Tth August; no case oceurred among them or at the hotel.
As soon as the particulars mentioned had been ascertained egress and ingress were
allowed to the occupants without any restriction.

: 186. After a preliminary inspection of the premises on the evening ol Gth
Angust, the Medical Officer of Health had reported the finding of a dead rat in a
state of decomposition too far advanced for any useful examination, and that the
licensee had said that shortly before T.O'N.'s illness he had found other dead rats.
On 7th August the foreman of the Departmental rat-staff was directed to proceed to
Newecastle, there to gather together a local rat-staff of twelve men, who were to eatch
rats in such neighbourhoods as might be pointed out from time to time by the Medical
Officer of Health, Chief Sanitary Inspeetor Getting was also divected to proceed to
Newcastle on the same date, taking with him apparatus and material necessary for
immediate disinfection of the patient’s room and the lodgers’ lugzagze. e was
accompanied by Temporary Sanitary Inspector Lobb, previously employed on similar
duty at Sydney, and he was instructed to gather together a scavenging staff for
cleansing of the premises, and of the neighbourhood afterwards. s
f0—0G .
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187. At the same time the Mayor of Newcastle, as representing the Local
Authority under the Public Health Act, for the City of Neweastle (with whom the
Medieal Officer of Health had already communieated), was officially informed of the
nature of T.O'N.'s discase, and of the avrangements made for obviating the danger
to which the city was exposed ; and his assistance in furnishicg labour and materials
was requested.  An advertisement was also forwarded for insertion in all the
Neweastle newspapers, in which medieal practitioners were requested to be good
enough to refer doubtful cases with which they might meet to the Medical Officer
of Health.

158. On Sth August, the botel was occupied by the cleansing-staff. It was
a large three story brick building, which stood at the corner of Hunter and Bolton
streets, in the eentre of the business part of the city. As a whole it was clean and
well kept, and there were no signs of rats on the upper floors. But a large cellar
under the bar was very dirty. It had a poor conerete floor, which was undermined
rats in all directions, and considerable quantities of rats’ dung and rat rubbis
afforded abundant evidence of recent infestation. It contained two shallow wells,
apparently designed to collect subsoil waters draining from a stéep rise on which the
hotel stood ; the upper well overflowed into the lower. The overflow from the
latter escaped by an untrapped 9-inch e.w.g. pipe, which ran underground straight
down the hill to the harbour front, where it discharged under wharfs at a distance
of @ or 10 chains from the hotel. This cellar was the principal place at which
the patient was employed during the day; and it was learned that he had removed
8 dead rats from it shortly before he fell ill. During the cleansing 4 other
carcases were discovered in it, but they were all too far advanced in decomposition
for bacteriological cxamination. No live rats were observed.

180, At the wharves under which the drain discharged very large gquantities
of fodder had been landed during several previous months, either from ships or from
the railway which ran along them; this had in large proportion been sent up from
Sydney for transmission to the north, where it was wanted in consequence of a

rolonged drought. It was almost or entirely the produce of this State, heavy duties
laving prevented {u-uﬁmhle importations ; but it had, no doubt, been exposed to
incursions of rats during its collection at Sydney, where the last discovered plague
rat had been taken on 11th July.

190. As soon as cleansing of the hotel, and of an adjoining ship-chandler's
shop, which as regards rats was structurally one with the hotel, had been begun, a
further cleansing gang was eolleeted and organised by the Chief Sanitary Inspeetor,
and it was placed under immediate supervision of temporary Departmental Sanitary
Inspector Lobb, who had with him the Municipal Sanitary Inspector Lloyd ; they
were further assisted by Sanitary Inspector Abberton, of the personal stalf of the
Medieal Officer of Health who divected the proceedings.

191. Authority of the Executive Government lad already lieen procured for
entering and cleansing the whole of the block which included the Criterion
lotel, and in the eourse of the next few days this work had been eompleted.
The Local Authority then proceeded, as advised, to make a sanitary ingﬂpechnn of
several other adjacent blocks in that part of the eity which lies between Signal il
and the railway viaduet, a distance of about 68 chains.

192. Destruetion of rats had been earried on at Neweastle prior to the events
now deseribed.  During the thirteen months, 11th May, 1900, to &th June, 1901,
a capitation grant of Gd. had been offered, and a furnace at which the rats brought in
could be burned had been provided at a eonvenient spot; the number then paid for
and destroyed was 82,581, This arrangement was resumed on 6th March, 1902,
but the eapitation grant was reduced to 3d.; between that date and 16th August,
13,103 rats were paid for and destroyed.  During the fonr weeks ending 9th August
the numbers thus brought in had been 253, 167, 169, and 83. The special rat-staff
organised on Sth August was utilised, not for destruction of rats (although, of
course, it incicentally destroyed them), but to collect them systematically from
various neighbourhoods indicated by the Medieal Officer of Health, so that the
state of the rat-tribe gencrally on the area suspected of infectivity might be
investigated. It began work on Sth August, hut was not at its full strength of
twelve men until 13th August. Between Sth August and 11th September it co
. rafs
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rats from 123 different premises which were well distributed over the whole area,
many of them having been revisited several times. The number of rats collected was
1,598, and all were examined by the Medieal Officer of Health. Two earcases alone
gave ground for suspicion of plague ; but the usual tests which were applied both
v the Medical Officer of Health and by the Miero-Biologist to the Board of Health
failed to establish presence of the disease. 1t must, therefore, be recorded that no
plague-rats were found at Neweastle. Nevertheless, for reasons which have already
seen given above, it cannot be affirmed that there were no plague-rats there; and
it is a significant fact both in relation to infection of T.O'N, and to arrest of it after
occurrence of that single ease, that no rumour of unusual mortality among the rats
ﬂ' any part of Neweastle was heard during the investigation, exeept at the Criterion
otel.

193. No further cases of plague occurred, nor were any cases which presented
good grounds for suspicion subsequently reported to the Medical Officer of Health.

Disrrinurios of CASES AMONG PLAGUE-HOUSES.

104, Weare now in a position to examine the facts in relation to possible direct
or indirect communication of the disease from man to man as o cause of the
epidemie prevalence of plague more elosely. The question, indeed, was examined
fully in relation to the first epidemie (Iteport, 1900, pp. 31-33), and was in the clearest
way answered in the negative ; it will he well, nevertheless, to go over the evidence
yielded by the seconl epidemic in order that this contribution to the wtiology of
plague may be complete in itself, as far, that is to say, as it goes.

195. The following general statement has referenee to houses whieh harbonred
eascs, without rezard to thoir having been or not having been the adjudged place of
infection of such cases. The epidemic consisted in 1390 cases ; the patients inhabited
124 premises (including one ship): 15 out of the 139, therefore, were secondary
cases.  As the 15 secondary cases occurred on 9 premises, it follows that 115 separate
premises (including one ship) harboured a single case apicee, and no more. The
interval between attack and removal, or the number of days during which these
115 patients remained at home and in contact with the other members of the house-
holds to which they helonged was as follows :—

Tance XX.—Showing the number of days after attack during which 115 primary-and-single cases remained
in contact with the rest of the household to which they belonged . —

Removed on the day of attack ... ... L = T

T ona day after sttack ... A |
o two days |, 5 aze ot T
L5 threo " ]
»  four i B e iy
o e s Y ]
i EiX T i +
w  Bovem i 4
" 'El_ﬂht‘ L] 3
o ning H 4
L '-":“ LL :i
e eleven = 1
w  twenty-three 1
n  lwentysiz 1
Not removed ... 4 2
Total ... we 116

Whenee it appears that these 115 patients had, for the most part, opportunity of
communieating their disease. Table XX corresponds with Table X11, Report 1901,
P 33, which is to precisely similar effect. Communieation of the disease from

n to person, if it ever ocenrred at all, was a factor of no importance whatever
in production of the epidemie. We have, however, to examine the circunstances
under whieh the 13 cases mentioned above oceurred secondarily to, and on the same
premises as, 9 primary cases,

CiRTUMSTANCES
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OJIRCUMSTANCES UNDER wHicH FIFTEEN SecoxpARY CASES BECAME INFECTED.

196. The datum for examination of the circumstances under which secondary
eases received their infeetion, with reference to the possibility of their having got it
from the primary case, is the time at which the primary ease fell ill.

Tanik XXL—Showing the dates on which nine primary cases began, and the dates on which fifteen cases
secondary to them began.

< *n ¢ —1% : Y N umbers and dates of
Group. , Inmn%:l;l:::'.;}:::tl.?tﬂ and Secomlary t‘ml““h.
& o {3y Jan. 10-11 ... o] (B) Jam 16.
I weof (G) Jan. 19 ... | (B) Jan. 20.
[ o] (24) Feh, 18 o] (30 Feb. 21.
| | (26) Feb. 19 ... v (29) Feb, 21; (27d*) Feb. 32 ; (33d)
[ Fel, 22; (d1d) Febh. 23; (39}
| Feb. 24 ; (40) Feb. 25.
E .. ..|(35)Feh 22 .. .. {45d) Mar. 1.
B ol (62 Mar. 11 .. .. (53) Mar 1.
[ [ «of (82) Mar. 21 ... o] (03) Mar. 29,
H ... ...| (BE) Mar. 287 ... .| (21) April 2
Bk s I (112d) April 27 ... .| (117d) May 3; (126d) May 15.
® d= died.

197. Groupe A and B (Paddingion area).— These have been described elsewhere (see p. 22). Hers
only the fullowing points need be mentioned : —First, Cagea 3 and 5 of Group A were, of course, in mtimate
contact for ten or nine days of duration of Case 3 ; but the latter exhibited a right inguinal bubo, was at
to date serfously ill, and recovered. Cases 8 and 8 of Group B were in contact for about twenty-four
hours of duration of Case 6 : the latter exhibited a left inguical bubo, and recovered.  Additienally, ong
or both of the patients constituting Group B had visited Case 3 one or more {imes. E-mndl_'r! the two
gronps seenrred in adjoining cotinges, which were separate for man, but structurally one for raisinfesting
either; and both were structurally one by the space under the floors with a third adjoining cottage, at
which, a5 well as at the other two, it iz known that a fatul direase prevailed among the rats infesting it.

198, Greup £ ( Woolloomooloo area’).—First, it must be assumed that there was free communieation
Leiween Case 30 and Case 24 daring the three days which elapeed before the latter was removed, sinee,
although they belonged to different families, both inhabited the same small houre. But Case 24
exhibited a 1eft femoral bubo, and ended in recovery.  Secondly, the hoase at which both lived was badly
infested with rate, which, also, had recently died in numbers of discase; thirteen had been found dead
between 15th and 17th Februars—four of them under the kitchen floor, one in the waler-closel. Now,
Care 24 was probably infeeted on 16th Febroaer, but the illness was not notified till 218t February ;
this was the day Case 30 was attacked, prior to which no eleansing had been dove.

190, Grawp D(Criterion Holel, Central area).—This group,according to Table XX T, consisis of seven
ensps: but Case 27 was not secondary 1o UCase 26, nor the remaining five secondary 1o Cages 26 and 27, for
these iwo patients had lefe the hotel (where they had lived) before they fell ill. They are retaived in the
Table below partly to avoid confusion, but maiuly for the sake of the light they shed on the true natura
of the relationship between Case 20 and the remaining four.  The following Table conveniently seta forth
the important points. Tt is only necessary to emphasise tha facts that Care 20 hod acted as a femporary
barmaid at the hotel, sleoping dn the premises, from 10th February to 17th February ; she hn.dli:&-in
good health on the latter lll[ﬂl,:, and was taken ill two davs later at a house in a I'I[!igllblll.!l't'lh}d- free from
suspicion of infection, and without having had any further communication with the six later cases; and
that Case 27, who had lodged at the hotel for several months befure, left ic on 19th February in m
Tnllil for another hotel (which has never been suspecicd of infection), where she was ait i

nys later.

Taene XX 1L —Showing the dates on which the reven patienisa who constilute Grnup b were attacked,
notified, removed, and recovered or died ; fogether with the situation of the buboea they exhibited.

\ T Date of—
Case Ko.| Bax. Attacked, Notified, !:f;_'.:::':il.;:‘ﬁ" {?U:Er?l E”":ﬁ of
' Becovery. | Death.

i gk ——
26 F | February 19 | Februnry 22 | Tiad teft 2and & Bubonie' R. inguinall March 18 | .........
i (] R A rysa!}:‘:ﬁf’““"‘, » | Rocervieal| ... March 2
44 F | i 21 o 22 | February 23 | T L. femoral | March 34 | .........
i1 F | s Gl w 26| , |B.inguinall ......... | Fuh 27
32| F w08 el w 2| . |Ringuinall ........ | March 1
L ol ] G | B L w36, | L femoral| April 7| ...
{1} 1 M | T i3 -_u;i i Eﬁ-l w | L inguinall March 27 | ...
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200, Tt must be apsumed that there was communication between Cases 29, 31, 82, and 80 afier attack
of Case 29, sinco they were all women living at the snme hoiel ; bot Case 40 occurred in a cellarman, and
it in not likely he saw any of the women after they had been attacked. Nothing is known on this point.
W hat were the ather circometances ¥

201, The premises were Lhe Criterion Fotel and Theatre They consisted of a fine corner black, four
stories high, with a basement, of which part of ihe ground floor frentages nas let as shope, &e. . Tho
three upper floors were clean. The ground floor and bazement were in bad ['{']_'l;l.;-lr and q!]iﬂ].'. These
latter were ceiled and floored with wood, and subdivided with wooden partitions.  When cleansing
began and the partitions and linings were forn down, enough dung snd rat’s rubbish (paper,
bones, 1ags, &e ) were removed to nearly 61l two large scavenger's earls.  Provision for drainage was
inudaqultq;-.. several inches of water having been found standing under the falee foor of the ill-lighted and
ill.-ventilated compartments in the basement, some of wlich served ns slevping aparimenis for the servants,
A similar atate of things exisied under the flooring of the first floor as regards 1at’s dung and rat's
rublish, of which large quantitics were removed from belween the joists.  Upper floors had been gnawed
throngh by rats at many pointe.  From different parte of this bwlding about for ty-five dead rate were
taken—{from behind lining-boards and from under flooring boards in the basement ; beneath kitehen,
gcullery, and pantry floors ; from under a bedroom floor near a dining-reom on the firet floor; and from
under three bedroom flovrs and o passage floor on the second storey. A bar-floor was riddled with eat-holes,
and three carcases were taken from o box-geat bebind the bar, another from under the counter, another
from an adjacent urinal.  All these carcases wore oo pulrid for baeteriological examination, and no live
rats were encountered ; heneo plague wos not shown to have been the caose of this unusual mortality,
which clearly had oceurrod during a few days ouly, since {he carcases were in about the same stage of
anﬁlﬁ? But plague was at this date present among the rats ¢f the neighbourhood (see Central arca,
par.

202, Ti is now apparent that 1he bond between Cases 20 and 27 severally and the remaining five was
residence on these premises, and nothing else ; for they were only atiacked two and three days respectively
after having leflt them for lodgings to which no suspicion of infectiveness at any time atteched—one of
them two days before Case 20, which wos the first of the subsequent series.  Next, it can be pointed
out that Case 29 bogan 21st Febroary, snd that the four subsequent cares followed nt intervals of
one, two, three, and four days; bot Case 20 not only exhibited a left femoral bubo and recovered,
but also was removed within forty-eighl hours of her atiack. Nole that Case 40 had in all probability
received ihe infection on or before that date on which vory coergeiie cleansing and disinfection of
these premises had begun—namely, late on the afternoon of 22nd February.

203, Growp E (Alezandria area).—Case 35 exhibited a loft femoral bubo, and erded in recovery;
during four dags of its duration, Cnse 45 was in iree communiention with the patient. The house wos n
two-storey brick cottace in poor repair, where a pawnbroker's business was carried on, On Leing
eleansed, large quantities of rat's rubbizh and droppings were removed from beneath the Aoors which, as
well as the skirting-boards, were full of rat-holes, but no careases and no live rats were seen.  There
were many burrows in ihe yards, none of which were dug cut. The neighbourhocd was infreted (see
Alexandria area, par. 108). The second cano may either have received its infection from rats which had
been left in the burrows, or the house may have been reinfected from the neighbourhood after such
cleansing as was done,

204, Group F{Central aven). —The patients were a pantryman and a waiter omployed at the Central
Ezchange Coffee Palace for a considerable time before attack. Doth fell il on the =ame day, one
having n suddenly attacked * while at work,” the other at 10 pm.  The premises were very extensive
and constituted one end of a city block, havieg, consequently, frontages to three streets. The greater
part of it was ocoupied hf an hotel and by a photographer; other part as offices; the fruntages
at strect level as shope.  All parts of the building were in structural communication, =0 ns to be free 1o
rats. Bewerage was defective. A well, intended to light inner rooms of the building, bad been filled with
staging and covered over; the roof had been extonsively buile ud|:lmu by the photographer, who had erected
‘n very large number of rooms of cdds and ends of wood, and had even built on the top of them again, the
whole being full of lumber, dirt, and rubbizh, except some filthy places in nge.  On cleansing, most parts
of the building were found to be infested with rats, and large numbers of carenses, as well as nests,
rubbish, and some live rats, were removed, but no fligue-rat was idertified. The two patienta wero
partly emplo in the basement, but u.](-l.t in o kind of loft which was much overcrowded with ten cther
eervants, and dark at midday. On the night they were taken ill, eighty people slept at the hotel, but
no other eases occurred (but see Talle XV1I, in which Cases 00 and 69 are doubifully aseribed to
this building, which they visited regularly as an eating-house). There was here no possibility of
‘eammunication of infection from Case 52 to Case 53 (nor from cither of them to Cases 00 and 6D, sinco
the latter only went to the hotel about midday, while the former were suddenly attacked at night and
incapacitated, and were removed during the forencon of the nest day, when, also, the building was closed
to visitors).

205. Group G.—The first patient (Care 52) wan a wharf-labourer in irregular employment ; he fell
ill 21t March, but worked on 24th snd 25th March notwithstanding ; he exhibited a left inguinal bubo,
smears and eultures negative, and recovered ; was removed to hospital, 27th March, The second patient
waa his son, aged 6, who fell ill eight days after him, and two days after his removal ; glanduolar swellings,
bi-cervienl, ncutely tender (slight reddening of Fauces; no exudation) and bi-inguinal, of which slight
tenderness on one side only ; baeleriology, none ; recovered. No note as to state of premises, whiizh
stood un the Chippendale arca, the house being close to Jones's produce slore at the back (see par, S4).

208, Growp H. | Pyrmont area) —This was composed of Coses 85 and 01, mother and son.  Case 35 was
attacked 27th Mareh, at 11 am.; left femoral bubo, smears and cultures negative; recorcred; removed to
hospital, o0k March, Case 91 oceurred to the son, who was a printer’s boy ; no Buspicion atta-.-l:-ed_ 1o
‘his place of employment, which was carefully examined. e was attacked 2nd April, during the mnrmnig
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at his work, six days after his mother, and four days after her removal ; loft femoral bubo, which appeared
within four hours of onset; bacteriology, none ; recovered ; removed on day of attack. The cotiage was
eleaned on 20th March, the day Case 85 was remored ; on taking up floors abundant si of
infestation were found and muc{ rat's rubbish removed, but no carcases ; at least one dead rat bad been
found by the family a fow days carlier. Next door to this house Coso 83 hod cecorred 26th March., The
patient was a labourer; hehad o left femoral bubo, and o small reddened pateh on the left instep, no
pustulation; bacteriology. none; removed 27th March. A dead rat had been found by the patient a week
or two before, but no carcazes were found by the disinfecting staff. Caze 85 war asquainted with this man,
but said she had not been in his house for a week before his illness—a matter of little impartanes, true or
not true, on aceount of the natare of his ease and of his romaval within twenty-four hours of his atiack.
But it seema that the disinfeeting stafl had not raised the loors at his house ; for on oceurrence of Casp 91
they did this, and reported presence under them of qwrh_r gign of continued infestation with rats, though
they found no carcazes. These three cases occurred on the l:irmont area, On 20th March a plague-rat had
been taken from the vard of a State school situated 160 yards away from these two cottages to the south-
west, and threo plague-rats wore taken ot Buckle’s wharf on Tih, Sth and 10th April, which In
about 330 yards away from them to the west. No olhor enso ovenrred within thres-quarters of a mﬂ
of the cottages execpt Case 78, atiacked 24th March at a rat-infested timber-wharf where many dead rats
had been found ; and Case 09, attacked 17th April, and Case 124, atiacked Gih May, both at Buckle's

wharf just mentioned.

207, Greovp F—This consists of Cases 112, 117, and 126, which occurred in Chinese, all of whom
dicdd.  The first of thifm was o man employed at op Lee & Co"s produce store, 26, Campbell-streot, on the
Bouth-Central area (and already mentioned, see par. 100) ; he was nttncked 27th April, had the diseass in
pepiicwmic form, and died before notification at the entrance io Spdney Hoaspital toe which he was in
eourse of removal by his friends.  Case 117 was attacked 3rd May ; was admitted to the Royal North Sydne
Hospital from a Chinese garden on that side of the harbonr ; his case was notified on Tth May, on whie
day, also, he died. He had poesmonia on admission and a submaxillary bubo, smears and cultures
positive.  This man had frequented Hop Loo & Co’s during the week before his attack, and there seemed
to be no doubt that ke had also slept there; he was thus on the premises during illness of Cnse 112,
Caso 120 was atlacked 15th May; the patient was taken to Sydney I.Ehuq:lilul 16th May, but died on the
way ; nature of illness verificd posf-morfem under Coroner’s order. This man was employed at Ho
Leo & Co's. On notification of Case 112, the store was visited by the disinfecting staff, and was foun
to b well-constrocted aml in good order, but there wero ill-lighted and ill-ventilated subicles within the
building, and mors on ibe flat roof of a stable in the yard ; abundant traces of present infestation with
rats were Found, bat no carcases,  The Lozal Anthority for the city was ndvised to secure removal of the
cubicles, but thiz was not done at that fime owing to some misunderstanding,  On occurrence of Case 118
the stere was not revisited, for this patient’s connection with it was not made out until after oceurrence
of Case 126 : but it was revisited on oceurronce of the latler, and a.[lhnuzg'h, again, N0 CAPCASCE WEre
diseovered, abundant signs of continued infestation were observed, and capecially fresh droppings among
pea-nuts stored over soma of the inside cubicles, Tt has already been noted that n plugu&-rlt was taken
at a public-house siz doors removed from this store on 22nd April (see par. 100).

208. These facts require no comment. It need hardly be pointed out that
Group G presents clements of donbt as to the nature of the two eases, though the
diagnosis was made and was confirmed by two physicians acting independently,
both of whom had had long clinical experience of the disense; still it is to be
regretted that no bacteriological check was applied to the second of them. In
Group II the elinical signs wers decisive; the negative result of the bacterio-
logieal examination which was made in Case 85 only was probably due to some
accident, such as failure of the needle to penetrate a small bubo, I d to
deseribe the instances in which multiple cases oceurred in connection with premises
at which none of the patients resided.

CIRCUMSTANCES SURROUNDING THE IXFeerioN ofF Fovr Qnrours o Prrsoxs
ASSEOCIATED SOLELY BY RESORT TO THE SAME I'REMISES.

200. The foregoing groups, A to I, were made up of Persona who lived at the
premises where all of them are adjudged to have been infected (save two persons
in Group A whose cases, as already noted, properly belong to this series ; see par. 199),
The following groups are composed of persons who in no instance lived at the place
at which they are adjudzed to have received the infection, but, on the contrary, all
inhabited different houses in neighbourhoods which (with one exeeption) were
distant or even remote from it, and whieli were also free from suspicion of infection
with plague.  In other wonds, the sole tangible bond between the persons of which
these groups are severally eomposed was resort during business hours to the same
husiness premises.  Group K has special interest, since of the four persons composing
¥ E it
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it, while two were employed at the theatre which was the adjudged place of their
infection, two others merely attended a performance at it. “The following table
displays the more important facts :—

Tasre XXTII.—8howing the dates on which persons who constitate Four Groups, distinguished solely by
resort o the some business promises, wers attacked, together with some otler particulnrs,

Area in
ie e Lar : Nature of assooia- i 'I ide
Adjadged plass of tion at and with i o ke Bt
S gt S ES sl el Ry s
ection,
or not.
|
(21) Feb. 12 Attended per| Nelson-st., Leichhardt ... Nat.
| | Her Majost, s The formance.
K FB} o | g e fH ot Hinp]n-{ﬁi .| 130 Reservoirst, Surry Hills| ,
19y & 14 i "1 Attendedper| 22 Buollanaming st., Redfern...|
186-8, Pitt-strect, Nianini f Fiv
(20 , 1N Employed ... 247 ﬂhun:h-ﬁ!.,{_‘nmwnim’m...:;"\Tullillu'mnnbh
| P ! | after attack.
| [ Biddaway's  Thoaot| ] i : s
. { ﬁ; s g# { Factory, 47, Mar-| - Employed ... -'[i:l“ll.l;;gh Haollborn-st. ... .| Mot
= ket-stroot. " T
EE—"-} Mar. 14 | i i | a8 f.'uln];.hl"“-u! , Balmain ...| i
65) ,, 15 | Andrew’s Printing- 5 wo| 14 Phelpssat., Sorry Hills ..},
M (66) ,, 16/ L houss, 13, Hridg«-l { = woo| 36 Goorge-st., Emskineville ...0 -,
&I}; % 1'?: stroet. | ,. i;t'xlu-y} FEE TR o5
- ‘ . o ...| Kogarah o
" see
(90 Apr. 17 - H- Frequented | 6 Ultimo-st., Ultimo., ., il Tes.
N { (123) May € }B“"“H“ Whart .. { “plbien | 289 Rilepat ... . .| Not:

Wharf.

210, Group K (Ceniral area).—1Mer Majesty's theatre and hotel. The premises wero very large, and
had frontage to Fiﬂ'. ard to Market Streets. ‘1 he theatre and the hotel were in communication for man
only bj‘ a bar which wna npen 1o the latler on one side, to the dresa circle on the other.  This was not
unszed as o paseage.  But for rats, these two establishments were practically ono.

211, Case 21 ocenrred in & woman who wae attnehed 121h Febroary, and who lived in a suburelb 3 or

4 miles away, at & brick and weatherboard eotiage, which was in fair repair, very elean, and free from all

traces of infestation with rats. ¥he patient said sho had not been away from the neighbourheod of hee

dwelling for a long time prior to hor atlack, except 10th February, when she attended an evening

performance at the theatre with hor husband ; they then sat in that part known as the family circle. No
indigenous " case oceurred at any time within o mile of her residence.

212. Casa 18 occurred in o boy who was regulaly employed at the theatre, and who was attacked
14th February. His chief duty was to clean bottles and to keep in order a store-room at the back of the
ﬂllﬁr}r next above the family circle, and in the evening to attend at a refreshment bar at the back of the

mily circla; he also sometimes helped to clean the anditorium. e went to this work at 780 a.m.,
continued till 4 p.m., went home and returned for the evening performance at 8 pm., lastly getting home
to bod at about 1280 a.m. He lived in a brick terrace house, clean, in fair rapair, and found to present
no signs of infestation with rats.

2138. Cnso 10 oceurred in & man who wasattacked L4th February., 1lo was lmﬂm]ﬂu;mi ab the time,
and [rom his aecount of his movements, which seemed o bestraightforward and consistent, it appeared Lhak
he oceasionally (though on what dates in relation to his illness, if any, was not made out) took food at
178, Fitt-strect ; that is to say, next door tn No. 180, where a plague-rat was taken on 14th 1"-ubrulr'l}', He
lived in a brick honse which was found to be dirty, damp, and in t"etlir. but quite free from all traces
of infestation with rats. No indigenous case cccurred anywhere in the neighbourhood of his dwelling.
On 11th February ho went to the theatre, and then st in the family cirele.

214, Case 20—This patient, who was attacked 15th February, was employed at the theatro as &
scene shifter; he worked in the flies, and these were aceessible both from the family eircle and from the
flllur;r; he was last employed on the day of his attack. For a description of his cottage and the state as

o plagoe of the neighbourhood in which it stoed, gee Camperdown area (par. 156).

215. The theatre was separated from shops to the north of it on the Pitt.-strcet frontage by a blind
lane; the hotel kitchen was in the basement, and had a passage which led to this lane, by which wastes
werg takcen out and deposited in boxes to be cmpticd b{ the seavengers; but similar access to the lane
eould be had from one or more premises to its north, this lane putrid careases had been gathered on
20ih, 30th,and 81st January,and on 1st,Sth,and 11th February; and although almost unfit for bactericlogical
examination some of them were submitted to it. The general result was, that while morphological tests

yielded doubtful, but oceasionally apparently positive results, all cultures quickly bacame overgrown, a;-rd
H
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all inoculations yielded doubtful and unirusiworthy results. Clear primd facis evidence of plagoe in
these earcases was got on Ard February for the first time, and this was confirmed by the results of inoculation
tosta an Tth February. Further, plague-rats were taken on 14th and 25th February at premises within
ten doora of the lane and om t!l:n game side of the way, namely, at No. 190 Pitt-street; so that it ia
plain that the neighbourhood of the theatre was freely infested with rats, among which plague was
prevalent. Lastly, it need not be doabted that tinI: plague-rata faken in the lane were thrown out from
the hotel kitehen, perhaps altogether, but at least in part.

216. It hns already been stated that, although ostensibly separate buildings, the theatre and the hotel
wore practically one for rats; especially, these animals had bureows which passed from the basement of
the theatrs, under the party wall, into the basement of the hotel where the kitchen was, But in general
raspects the two premises wern foand to Lo in good order, The sewerage and a'l the internal fttings had
boon reconstracted in 1909 ; the theatre was clean and, exeept the burrowa referred to in the basement,
no traces of rats were found until the family circle was reached ; thera cushions were both moth- and rat-
eaten, and two carcises wers removed from beneath the staging whieh supported the seats. Iao all, uight
eareases were removed from the uppor part of the theatre. In the wall of the family circle thers was
alsa a chise which carried o hot and a cold watercpips, and a waste-pips feom a bath-room in the hetel,
and which contained rubbish ; unler the fosr of the bath-roomn two more carcases wore found.  However,
the hotel was also found to be in good onder and very clean exeept the basemeat, which was dirty ; seven
earcases in all wera gathered from it.  Loaatly, the pavement in front of tha theatrs and hotel in Fitt.
stroot, wheee it abutted against the extornal walls, was undermined by rats, these having gained npecpes
from a dry area. The undermining also extended in front of the Pitt-street face of the George Hotel
a quite soparate building which stood on the actual corner, and which was embraced by the theatre
building, c*:nlm'qll.l:nl:lr.. on two sides; here Case 22, attacked Wth February, occurred in n handy man, and
on eleansing, although the place was clean an lin good order, seven or eight putrid carcases worn removad
from it, ns well as a good deal of rat-rubbish.

217, Group L. (Central Area).—Cnzes 34 and 43, atiacked 24th and 27th Febroary, occurred in twao
bootmakers emplojed at Silidaway's boot factory, 47, Market.street. These premises were lesa than
100 yards from ler Majesty's ‘Theatre; it was not noted whethor the two patients worked in the
game part of this larze establishment. The fiest of them lived about a mile away in o house which was
froe from all signe of infestation, and in o neighbourhood which yielded ne indigenous eases; the
second in o sulurb seversl miles away which has at no time harboursd any other case of plague, and in
a houss which was elean, in perfeetly good order, and free from all signs of infestation. The first
paticat said that eight dead rats had been found and pemaovad during n few dayas prior to his attack, and
on cleansing the factory abundant traces of present infestation were found, and many earcases wers
removed from if.

218, Frowp M. { Xorih-cenfral Area).—This consisis of five cases which eccurred in men emp:?ed
at Andrew’s printing-house, 13, I idgestrect, Al of them lived at houses which were ascertammed to
be rat-feee; three of them in neighbourheods at distances of from 1-t0 3 miles, two of them in suburba
reazhed only by train at distances of 7 or 8 miles. The two latter had never harboured any case of

lague, nn.!'? no reason had appewred for suspoeting that two of tho former three were at any timo
infected.  But the printing-house was riddled with rat-holes from basement to the top etory; a history
of dead rats found shortly before, and of the caplure in traps of large numbers of live rals, was given
by the workmen ; cighteen carcnses wers removed by the disinfecting stall, and from between floors
and ceilings, behind matehed-board linings, and from other such places, no less than thirty-five loals
of rat’s dung, rit's nests, and general rat-rubbich were removed. .

219 These sl one othor wers the only premises in conneelion with which eases of plague oceurred
on the Nurth-Central area, smd it is convenient to refer here to Case 129, o tacked 15th May, that is to say,
two months later than any of the foregoing. The patient was a packer employed at a very large hardware
store, who lived in a railway suburb which had pever harboured any case of plague. The store was
extremely well built and kept ; all basements were of concrcte, and all apertures wers fitted with wira
netting to aid in excluding rata. It had on one side of it o lane, on which Andrew’s premises abutted.
The latter were in so excesdingly bad a state that they wore closed, and were repaired in & very leisurely
wiy in eonsequence ; so that at the date of attack of Case 120 rubbish was still being removed from them
by way of the lane, which, of course, gave nccess to the hardwoare siore ms well.  Careful inguiry revealed
no other source of danger in Case 120; but it is quite possible the patient ran risks elsewhers,

230, Group N. ( Pyrmont Area).—This consists of two cnses which were separated by an interral of
nincteen days.  Une was employed at, the other frequented, Buckle's wharf, at which plague-rata had
recently bc?ﬁlﬂ been takenm, namely, on Tih, 8th, and 10th April, and from a wharf elose by on 12th
April ; preciously Case 78 bad been attacked on 2ih March, having been employed at a timber wharf
next to Buckle's, where dead eats had been found in number. T were Cases 90 and 123, Tho
latter patient, who hud inhabited rat-free premises in an uninfected neighbourhood for thirteen days
before his attack on Gth May, frequented this wharf for the greater part of a week before g;]ing by sen
to the north of the State; he fell il the third day afier leaving, The little steamer in which he iravelled
bad not only been fumignted and frecd from rats before her departure, but was also on her firsk
voyage; only two or three rats had been found on her. The wharf was in fair condition, buat largo
quantities of produce ns well as live pigs were landed there, and pig-vards and some stables were ill-
construeted and dirty.

321, The last of these four groups, though probably entitled to its place in the
list, is not as convineing as the other three, which, on the whole, furnish evidence
of connection between {rlnguu-in[‘mtian and premises, and between infeetive
premises and presence of diseased rats, as good as can be desired.  All the sufferers

. were
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were united by one common circumstance, and by one only, namely, resort to the
same rat-infested premises; in each group all were taken ill within three days of each
other; nonelived in infected neighbourhoods ; and althongh it is true that all of them
were free to visit infected neighbourhoods, vet the attack of all af about the same date
excludes that explanation of their infection ; lastly, no secondary case oceurred at
any of their places of residence, as distinguished from the adjudged places of their
infection, Bo that while it is quite impossible, on the one hand, to surmise low it
hnpi:ene:l that the components of the three groups respectively came to be attacked
at the same time, unless reference be made to the places of business to which they
resorted ; on the other the infection of plague iz clearly enough shown to have
existed in those places by the discovery of the carcases of dead rats in unusual
number, and at a similar stage of putrefaction, at a time at which plague is known
to have been epizodtic among the rats of the several neighbonrhoods.

222, In connection with this short series (which eorresponds with the series
of 17 similar instances given -in the Iteport, 1000, p. 35, Table XIIT, but in
much less detail) Case 14, Paddington area, should be recollected; in which the
patient, who lived at a distance, fell ill rather less than three days after having
cleared away rat-rubbish and two putrid carcases from beneath the floor of the
house at which Case 13 had oceurred.

Part [II—The Epizootic in relation to the Epidemic,

IxTRODUCTORY.

: £23. Ix all accounts of epidemic plague which have hitherto been published,
the following ecauses have been recognised as efficient: (a) communication of the
infection from the sick by direet and (b) by indireet means; (¢} place-infection.
By the two former the infection would be diffused, by the latter maintained.

‘ The term “place-infection ™ is employed below in the eense in which it is used in India; this has
has been mentioned above, (par. 30). ;

It seems to bo now very generally admitted that commuuieation of the infection from (he sick
occurs go rarely in the bubonie and septicemic forms of the diseare, that it might well be neglected in
speaking of epulemie plague.  But the singular lopso (pointed oot by Hankin nearly five years ago) by
which sufferers aro regarded as no souree of denger 1o others while they stay nt home or at a near
hospital, and yet ars commonly regarded as the conveyors of the infeetion to elean places if only they
travel away from home, seeme (from the F{'FI.‘JTI- of the Plagoe Commission in Indis 3 see also the footnote
at page 27) to be still unrepaired. Nothing further is needed to show that the aetiology of plague ia
-tiIIPu matter of doubt with o Lirge majority.

224. These causes would amply suflice, of eourse, fo explain the epidemicity
of plague ; and thus far the share which may be borne therein by rat-plague has
been left in a position of undefined importance.

225. To refer to well-known reports on plague by English writers for example,
the “Ilistory of the Progress of Plague in the Bombay Presidency from September
15893, to June 1899, although it contained very full references to Mr Snow's
observations on migrations of rats and coincident spread of the epidemic in the same
directions, nowhere sugeested that the rat was the sole important cause of epidemic
plague, and at the same time did rely on the other causes of spread whicli lulm'lzt
been mentioned above. Secondly, the Report of the Indian Plague Commission,
dated July 1901, merely admitted that sometimes rats might spread plague, and
thronghout represented direct or indirect communication of the infeetion from the
sick and place-infection, as the prime caunses of epidemic plague. Lastly, the
Medical Officer to the Local Government Board, in his preface to Reports and Papers
on Bubonic plague by Dr. Bruee Low, dated July 1902, discussed this relationship
to which, he said, Dy, Bruce Low had given particular attention, and after consideration
of the world-record submitted to him concluded that although it went * to confirm

50— * belief
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“ helief that, as regards plague, man and the mf. are reciprocally infective, fail
“ completely in affording suflicient data for determining the degree to which man is
 in danger through the rat,”*

226, The difficulty of perceiving how the infection could be often con
from rat to man weighs heavily with some, no doubt, against the probability that
epizoitic plague stands in causative relation to epidemic plague ; yeb at a very early
date the practical efficiency of the rat in disseminating this infection oversea was
generally asserted and admitted.

227. Nevertheless, Hankin had reviewedt certain epidemiological data in 1898,
which had been gathered at Bombay, and had inferred that the incidence of plague
on neighbourhoods and on houses stood in relation to their aceessibility to rats, and
not to any other of the several factors then and still commonly relied upon as
secondary causes, such as filth, overcrowding, &e. &c.; and he had at the same time
intimated his opinion that some intermediary insect was necessary to communicate
the infection from rat to man. In the same year Simond,} after reviewing
epidemiological data concerning the mode of spread of plague gathered in India,
expressed his opinion that its epidemicity was due to migrations of plague-rats and
not to human intercourse ; at the same time he named the flea (and the bed-bug ;
but with the latter he was unable to experiment, and he assigned little importance to
it & priori, having been apparently unaware that these insects are found in great
numbers on rafs, af all events in some parts of tha world) as the intermcgiur;
insect which le, as well as Hankin, conceived fo be necessary.  Simond’s hypothesis
of the flea has indeed attracted very general attention, and perhaps there is now
hardly anyone who is not aware of it, although in reality it was a secondary part
of his paper. These contributions by Hankin and by S8imond appear to me to be the
only epidemiological contributions which have thrown mueh light on the aetiology of
plague; and their weight lies, not in any theory ns to the manner in which the
infeetion is communieated from rat to man, bat in exelusion, so far as their ohserva-
tions went, of infeetion derived from man as an efficient cause of cpidemie plague.
But this was overlooked, and the aetivlogy of epidemic plague remained obscure
and, indeed, in confusion.

228, This result has followed in part—but, asthe papers by Hankin and Simond
have shown, in part only—{from plague having oceurred most often in eastern and other
semi-civilised communities where aceurate epidemiological observations hardly ean be
made, Hence the outhreak at Sydney in 1900 afforded a good opportunity of I.eam'i::ﬁ
something exact of the mode in which plague slllrf:urls;, from its having happen.
among a wholly civilised, white population, which lived under the same mnﬂ,li’etinna
of clothing and housing, of food, customs, social organisation, and local government,
as are found in the citics of Europe. The Department was prepared to take advant
of it (sce Report of the Board of Health on the case of A. P, Sydney, Tth February,
1000 ; or, Report 1900, Appendix L., in which the more important parts of that
document were reprinted). Before occurrence of the first ease (that of A. P.)
inferences had been drawn from the reports so far published of the epidemics which
had oecurred or which were in progress in other parts of the world which differed in
important respeets from the opinions expressed by the historians themselves, B
those inferences the action of the Board was guided, as lias already been mentioned.
And when the observations made and recorded during that outbreak ecame to be
reviewed, it appeared that epidemic plague at Sydney had not been caused in
any degree either hy personal transmission of the infection, or by dissemination.
of fomites; and while it was rendered quile elear that place-infection counld have
played but an insignificant part at most in maintaining the infection, it seemed
most probable that it had in reality played no part at all.

The only parts of the worll, as far as T have seen, in which onr observations of 1900 havo been
repeated by others, are Brishane in Queensland, ond Port Elizabeth in Cape Colony ; at both of these
places they soem to have boen practically confirmed. At Brisbane, Dr. Halford$ during the epidemies of
1901 and 1902, and at Port Elizabeth, De, Blackburse|| during the earlier half of 1901, were both util& ta

CRCIES

. ® 1 much regret to find mysali compelled to point out kevo thad the acoomnt. of plagne in New Souih Wales which i
given in the volume refoerred to [amd of which [ am in the bes positbon b Tmh authoritatively) is oFroneoas in alpsost
every dotail of importance.  + Annale de Vnatitut Pasteur, 1588, t Uil cit. sup, § Report on 117 case of pllw

i

ocourring ie Bristano in Sporadic Form : by the Medical Officer to the Metrapolitan Joing , Brisbane, Q.
[ Langet, 11th Ootober, 19052, At
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exclude diffusion of the infection by man, and to trace association between cases of ilngus and plagoe.
rats as clearly as could be reasonably expecied. Both, howerver, committed lhcmut‘!vu to statements
eanicerning the connecting link between rat and man which, it is most important to note, had not been at
that date sulficiently supported by direct evidence, as T have myself elsewhere poiuted out.*

_ 229. These resulls eanstituted a step of which the importanee has hardly
heen appreciated (W. Kolle alone, as far as I know, has perceived their bearing and
weight : see Bericht iiber die Thitigkeit in der zu Studien ither Pest cingerichteten
Station des Instituts fir Infectionskrankheiten, 1500-1900, Zeit. f. Hyg., 1901,
p- 397). If under conditions which admitted of accurate observation the generally
nccepted causes of epidemic plague were scen not to have been in operation,
some other eause was to be sought. Tor what had been thus pointed out was not
merely the result of interference with the natural course of the disease by good
management—such, for instanee, as is implied in prompt removal of patients to
hospital, and in prompt disinfection of their dwellings: nor could it he aseribed to

erally favourable conditions of housing, feeding, work, and climate. Although
it might fairly be argued that the comparative smallness of the total number of cases
was due to those factors, yet the cause of the absolutely large number (303) which did
occur still remained to be discovered. It was certain that the infection had not been
diffused and maintained by man ; how then had it been spread?  Place-infection having
been excluded by the facts, but one other means presented itself, and, in my opinion,
but one other could be reasonably surmised. This was the rat, in whose body, and
in whose body alone out of all places external to man’s body, the infection had been
shown to be commonly present.

230. If man commonly received the infection from the rat—if epizodtic plague
were indeed the cause of epidemie plague at Sydney; then eoincidence between
plague-rats and plague in man on the same premises should be demonstrable, and (it
seemed, a priort), easily demonstrable. But in the course of the review referred
to we found that we had not demonstrated it.  Dre. Tidswell had, indeed, been
enabled to identify but 23 plague-rats throughout the epidemie, and none of them
were obtained from premises which had yiclded eases of plague in man. Or, if
findings of putrid earcases in which the nature of the discase, which, evidently,
had been the eauze of death, could not be rizidly identified, be aceepted as evidence
of epizodtic plague (as under all the ecircumstanees it reasonably may), then dead
rats in number were only observed on about 70 premises, although 221 premises
were the adjudged places of infection for 255 cases. But the reader who has
perused the fnre%;ning pages need not be told that, so far, at all events, there is no
evidence that this diserepaney was a matter of fact; clearly it may have been
apparent only, and may have resulted from the method of observation, which was
certainly imperfeet.

231. On recurrence of the disease in 1902, then, we were prepared by former
experience to examine this relationship more closely, as well as to check the
correctness of our earlier observations on the share taken by man, fomites, and
place-infeetion in diffusing and maintaining the disease. [t has already been shown
that former conclusions regarding these %ﬂﬂfﬂl'ﬂ have Leen completely confirmed.
Resides this, further continuous obscrvation and reflection have completely failed to
suggest any other source of the infection than that furnished by diseased rats.

933, The ground, therefore, seems to be thoroughly cleared.  All that remains
is to inquire whether during the second epidemic improved methods of observation
did or did not reveal such frequent and elose association hetween plague-rats and
plazue in man as suffices to furnish a strong presumption that diffusion of plague-
rats was the sole cause of the epidemice.

938. From the method of deseription seleeted, the reader is now in a position
to judge in how far the conmection referred to has been discovered, and in how far it
deserves to be recognised as the essential eondition which we are eonvineed it was.
Here it is necessary only to mention a few numerical statements, to 1:-L=fur ‘hl‘n:ily to
the more cogent faets already related, to trace the course of the epizobtic, and to
advert to the conditions of observation in the field which—and which alone, T tin‘nk—-
have eaused the results, although improved upon those attained in 1900, atill to

- B F
remain defective. Timg

* Public Health, Vol. XIV, pp. 310-1,
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234. In the first place, the following table, which necessarily begins with the
epidemic of 1900, exhibits a certain general relationship in time between epizoitic
and epidemic:—

Tapee XXTV.—Showing mounth by maonth the number of plagee enses which oceurred, and the number of
plague-rats which were identified, during the epidemies of 1900 and of 1903, together with the
imnterval which |-|1|,Eu;-qd hetwoen thie Lwo | as wioll as a 1'||'I.!|'L of the [llﬂ““'l.lbfrﬂ." time which f{J“U\lﬂ."ll
on conelusion of the secomd onthreak.

Year, | Manth, Mf.ﬂﬁ:ﬂifw fj:m{nl;“. . Pariodl,
10007 o Ll DRl L 1 ‘
| February & oo i 3 g
| March 5l 2
iR e i 1 |y 0 s e First epidemic.
i June ... : 41 | 1
[ duly ... vl & | e
| .."H.i"e'ﬂ:ﬁ. s 1 e st
[ Beptembier < W |
| Uretaber ...| ............
I Ndl'l-'l?'l:l:li!l}r ,,.| .............
Deeemlser L. i B ] S s
1901... Fior et | Jdanoary A S L kb (S
| February S J| SRR
| March Sipllis ma o S ] s
[EAR S i i o e ) (R
| May ... 2o M B e R
June .., L PR Rt BT L
| July ... ani]  wemeas | e
..-"Lu;,rllﬂ‘l = . o LR | e
| ﬁﬁlllt'lllhlﬂ' e ¥ o B W e | TS
| Detoher g S A I o
| November | 4 1
; December ... i =il T R |
1903, .. voo| January f b l
! Fobroary ... 20 i}
March ) L] ¢ Beeond epidemic,
April ... 20 a7
|l it S S o3 a3
i Jume .. ] 4
Vduly .. 4 [t e 1 J
| August FE b e b i
SBeptember ... Ari g i e D] e :
| Dretober e e anaf g B T e
Movember ... ] = | (R
I Decomi'ser .. P! I et e [ s
1900-8 Wotals...- | Wzl LN SR R e |

235, In 1200 only 187 rats, selected from a recorded take between 18th April
and 31st October, 1000, of 108,308, were examined in the laboratories. Duoring the
first interval (September, 1900, to November, 1901) only 237 were examined. From
16th November, 1001, to 31st Mareh, 1902, the recorded number of rats taken by
the Departmental staff and by the public (who again received a capitation allowance
of 3d.) was 47,255, from which 1,730 were selected by the Departmental staff in
accordance with the rough rules already mentioned (see par. 81), and were examined
inthe laboratories; 40 of them were found to be infeeted. From 1st April onwards
all rats taken by the Departmental rat-staff were delivered at the laboratories, and
were examined ; the number from 1st April to 14th July, when the last plague-
rat was identified, was 25618, and G5 were found infected. TFrom July 13th to
Trezember 31, rats eollected from the wharf line within the eity, from the eity
proper, and from adjacent municipalities, to the number of 25,661 were collected, and
12,051, being all that were taken by the Departmental staff, were examined in the
lnboratories ; none of them were infected.  From 1st January to 31st March, 1903,
rats to the number of 4,254 were collected from the wharf line within the eity, and
from closely adjacent streets of the city only, and 3,932 were examined in the
laboratorics ; none of them were infeeted.  'That is the evidence of general coineidence
in time between occurrence of plague in man and finding of plague-rats.

236. It is also the evidence that at Sydney it did not appear that plague in
a chronie form persisted among the vats after the apparent epizodtic had ceased.
237.
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237. Secondly, the table below shiows a general coincidence in place between
ocenrrence of eases and findings of plague-rats,

Tanue XXV, —Showing the indigeous cases of plague which aceureed in cach of the 8 wards of the

City of Sydney and in forty 1 itan municipalities, the number of rats collected in each district,
anil the number of plague-rats identified in each collection :—

First Epidomic. Soconal Epidomio,
19th Jamuary, 19OF—9th August, 1000, 4th Novemler, 1901—5th June, 1562,
Fats, | Hais,
Neo. No, Casca. | W, ¥a.
Examinel Infected. Examimed. Infected.
[ [ ]
Crry or Sypxey.® |
Bourke Wand b o1 3 & ah8 ]
Brishans e 1H I8 13 12 1.7569 | i
Cook i 14 14 1 b 1,258 19
Denizon 3l 14 14 o454 14
Fitzroy  , 2 4 2 1,020 @
Gipps . Sl (R (AL P 3 13 1
Macquarie ,, ] | PR T q 1 o8 00 13
FPhillip 5 ann e 14 1 1 12 261 4
Busrnmay MUsICIPALITIES
Annandale ... i L e e | =
Alexandrin ... o [ S | e W (A— a =11 4
Ashiield o L e L s N e L s s
Balmain P Tl O SRl M g GGh
Bexley ST P S e T | | e | hii
Batany G stk [0 re el | e 150
Botany North Pl el | B i ] raatm | e 1 1EE (e
Burwood o] it | e T ] [ e R SR
Camperdown ... b | | b 433 i}
AT e e e e | beriene| e | e ] R R |
Concord o s e N RS SER  sReRe er er
Darlington ... o pkdl B o S | R = i 2t v f5 IEUE ((UR S
Drummoyne ... Y e SR e e  FRS | Mt
Enfield o [ i) | el I 5 (e S AT e T
Erskineville ... S b il e e A R [ e
Gleba ... | (A e Gl R Wil [ ey ol [
Hunter's Hill ey ] L et 1L o bt e e | R TIRRR - Sty
Hurstville 5 P e S T et | U e |
Kogarah ... A e N IR (Pt | &
Lane Cove ... o |7 A S| [ e | e 3
Leichhardt ... 1 I s e L R el | [T B
Manly... ) 48 kEa N | N5 280 N R
Marrickville ... e s T [ B e Rl s e i o I i mis F I e
Marsfield i e ] | R I e [ [N | (R
Maosman T | o e ||| mamsnn ron | [
Wewtown R R TEFEM b anTl 1 846 142
North Sydocy o] d ERAet T (ISt ] IR i THEE M i
Puddingion ... 20 (S ans a 1,120 3
Petersham ... S | P T T [ (R TR L
Randwick ... 1] (et gl Smrempp e BT
Redfern ah 2 2 1 HE T | 1
Hockdale Sl s I e e e R ] | :
B e LA g e TR 8 e e B A e e [T T e | e
Etfdﬁﬂm ses AT T e oS [TECEE I |- g 15
Strathiield ... | e T e e el | e T
Vaveluse ... AL e | DR TR et 1
Waterloo LR s ] | 10 GRT ]
Waverley ... 3 4 | [ N | .
Wall by ... CEE | ST R R I (IR R 1 | R I
Woollahra .. b Lo I R S | B = e | R e
Totat .. oo 264 178 23 113 | 14,258 1054

& At the eml of 1000 the city was divided into 12 wards. The earlier arrangement has been retaiced in this Talde

for Tolm of com :
BT Foud an ) labakite] houses (dwellings or places of employment), at 13 wharves, and in 6 stroets, lanes, &e. ; or
at 50 different places in all, <3 233
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238. From some part of ench of the 8 wards into which the city proper is
divided (total area 2,880 acres, number of houses 21,187), all of which yielded cases,
and from some part of each of those G of the 40 municipalitics comprised in the
metropolitan distriet which vielded eases of plague, plague-rats were collected. No
plague-rats were got from distriets in which no indigenous cases oceurred. Neither
were any got from districts into which cases had been merely imported; the extent
to which the search was earried in sueh districts is shown in the sixth column of the
preceding Table.

239. With assistance of the details already given (sce Mode of Spread, p.
18), the general indication afforded by this table can be supported a little more
direetly. Thus, althoungh Alexandria and Waterloo have a combined area of 1,830
acres, which earries 2,947 houses, the findings of plagne-rats were confined exactly
to those neighbourhoods in which the eases of plague were found; or, although
Paddington has an area of 403 acres, which earries 4,356 houses, plague-rats were
found only on that very small part (of about 16 acres, earrying 163 houses) which
has been named the Paddington area, where the 9 (or 11) cases which constituted that
sub-epidemic were found.  Agzain, Camperdown covers 435 acres, and carries 1,508
houses, but plague-rats were identified only at premises in that street where the two
mdigenous cases of plague were met with. So also at Newtown, where the
municipality covers 442 acres, and contains 4,521 houses, the only case of plague
which happened there was found within half a dozen doors of the butcher's where
a local manifestation of the epizottic ocenrred, and at the same date. There is good
evidence, then, of close association in place between plague cases and plague-rats.

240. Yet some evidence is required of closer association between eases and
plague-rats; that is to say, of an association demonstrable in a preponderating
proportion of individual cases. But the fact as regards such association is that
whereas 113 eases have been adjudged to have been infected on EG separate
premises, gnd although plague-rats were identified on 40 inhabited premises (be they
dwellings or places of employment), plague-rats and eases coineided but 4 times,
Or, should that way of judging the facts be thought too rigid (as I have no doubt it
is}), then it can be stated that cases and the removal by thé disinfecting staff of dead
rats from the premises which were the adjudged places of their infection eoineided
only 47 fimes. This is a considerable proportion, though not large enough to be quite
satisfactory; yet, although it may not be expanded, a mueh fuller statement of certain
facts should be added to it, and considered in eonnection with it.

Notes o¥ Gexeran Expentexce with Tne Erizooric.

241. Experience has led us to regard the finding of several carcases at about the
same stage of putrefaction on any premises, as evidence that disease has been at
work (poison having been excluded). Further we recognise as evidence of death by
disease not merely the carcases themselves, but the fact that they were found; for
though rats die in the ordinary course from day to day their bodies are rarely
discovered, and are even rarely a cause of nuisance. It las to be borne in mind, there-
fore, that the above-mentioned proportion of plague-houses from which dead rats
were removed is ruled by the requirement that in order to form acceptable evidence
of disease several carcases must be found ; but for this preeaution the proportion of
such premises to indigenous cases would stand higher. Secondly, the evidenee of
infestation of premises consisted in rat-holes, rat-runs, and rat-rubbish (paper, bones,
rags, straw, &e.) accumulated between floors and ceilings, between double partitions,
and in other such places; while evidence as to recency of the infestation was
furnished by the siate as to moistness of the rats’-dung discovered, as well as by the
actual finding of rats or of comparatively fresh carcases. Then, there was strong
evidence of infestation in the case of 61 places of residence, of 23 places of
employment, and of hoth in 3 others ; that is to say, all these patients either lived or
worked, or both lived and worked, in close assoviation with rats, while in the ease
of 47 adjudged places of infeetion it was plain that the rats had lately heen killed
by disease. That disease was identified with plague on premises which yielded

plague-
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plague-cases 4 times only ; the carcases having been in all other instances too far
advanced in putrefaction for that rizid bacteriologieal examination which alone,
I consider, warrants use of the word “ identified,”

242, Here it should be additionally noted on the one hand that a minority of
total premises are rat-infested, and on the other that the presence on inhabited
E‘remim of plague-rats is far from being necessarily accompanied by eases in man.

or instance, no cases occurred in eonnection with 86 of the 40 inhabited premises
mentioned above on which plagne-rats were identified ; and Jones' store (par. 84)
affords a striking example of this. But T have already pointed out that after
examination of all the available facts it appeared that mere association with plague-
rats does not suffice, apparently, to infect, and that “ something further, and some-
thing not commonly existent, seems necessary to enable communication of the
infection from the source to man . . . (Report, 190, p. 36). Our more
recent, and more fully recorded, experience likewise obliges us to suppose that
infection with plague is the result of a chain of circumstanecs which, on any
individual premises, is seldom eomplete in all its links,

243, If epizobtic plague stand in causative relation to epidemic plague it
must precede . the Iatter. It is probable that this was the ecase in 1900, but we
did not actually ascertain it. Probably it was the case in 1902, but, again, it
was not actually aseertained. The bare facts arve that Case 1 was atiacked on
4th November; that a rat search began on 16th November ; and that a plague rat
was taken at one of a line of wharves, at which produce was habitually landed, on
18th November: while the ease oceurred in connection with a produce stove at which

resence of a fatal epizoitic among the rats which infested it was observed on
14ih November, which epizodlic was proved to be plague.  Yet it is havdly possible to
mistake the meaning of this chain of events, although they do not eonstitute a proof.
The patient certainly did not infeet the rats at the store, for he was swildenly taken
ill shortly after reaching it for work as usual, and immediately went home again.
It is quite clear, however, that plague among the local rats preceded the oceurrence
of cases on the Paddington area; on the Alexandria area it must have done so,
beecaunse, on examination of the patient’s store within 45 hours of his attack, only

utrid careases in considerable nombers wera fonned 3 some other and similar instances
1ave been already mentioned above. Again, it was ascertained to have preceded
attack of all cases together (except the first, which very strictly speaking must be
excepted for want of demonstrative proof) and by five weeks or thereabouts.

244. It is now necessary to remind the reader that all these gaps in the
evidence are not defects in fact, but evidently are due in a large measure—I think
they are entirely due—to those practical difficultics which have already been
mentioned (see pars. 114-5-6G). It was said above that it had appeared, & priori,
that coincidence on premises of the disease in rafs and in man should be easily
demonstrable. That sueh a coincidence did ocenr very often 1 do not doubt ; but,
after making prolonged attempts to follow the course of the epizodtie by methods
which were modified from fime fo time, I am able to assert that this business is
an exceedingly difficult one in any eily. Irielly, the only methods of search
thus far appearing to be practically available ensure, almost exclusively, the capture
of healthy rats. The reasons have been sufficiently explained above. We must
resort, then, to the teaching of those instances in which multiple cases oceurred
either at places of residence or at places of employment.  Similar instances constituted
the most weighty part of the Report on the Epidemie of 1900, in relation to the point
under consideration ; but those now referved to, having been much more minutely
recorded, speak, I think, unmistakably. 1 do not hesitate to say that the case of
the Criterion Hotel, Central arca, alone would warrant a confident assertion that the
doubts and hiatuses which the record of the epidemic in general and on particular
areas shows, must be the result solely of inacquaintane: with all the cirenmstances.
This, however, must be left to the reader’s judgment, to which it is submitted
without hesitation,

245. I conelude this section with a record of some general observations on
the course of the epizoitic. Transport of the discase per selfmn has already been
noted. From the centres of infeetion thusestablished it spread, as obzerved in 1900,

by
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by continuity ; and, since it can be thus transported, it follows that any district
which has Deecome infected thus or otherwise may be reinfected, or infected in
another part of it, by the same means at some later date; and it may be thus
reinfected not merely from the local fons ef origo (which we consider was in both of
our epidemies that particular line of wharves on the eastern shore of Darling
Harbour, which—again, we consider—was on both oceasions infected from places
oversea), but also from any other infected district with which it is in the requisiie
kind of communication. The requisite kind of communication, or that which is
most favourable to transport of the infection, appears, as a matter of observation, to
be the distribution of fodder.

246. Plague is commonly represented as spreading among the rats of a
district with extreme rapidity, and as exterminating them almost. Contrary to
reported experiences in many other countries, sick rats have not been often seen in
the open at Sydney. The instanees eited by more or less trustworthy witnesses
were not more than four during 1902, and with one exceplion it was said that only
cne sick rat at a {ime had been seen.  Figures which have heen given already show
that the finding of plague-rats by the rateatehers (partienlar premises being exeepted,
and reference made merely to buildings and their curtilages which were examined in
the ordinary course of the night's work on infected areas) was not common. On
certain badly-infested premises the disease has been seen to rage, and to exterminate
the horde apparently—at Exton’s, and Huxley’s, and Golff's stores, for instance. In
those cases the epizoitic was apparently over as regards those houses before the
examination began. In another instanece—at Jones's store—it seems that early
information enabled the examination to be begun before the ountbreak had lon
existed. Not merely were live rats found in number; but carcases were fresh, an
there was no difficulty at all in identifying the disease. Rats usuvally retire from
places where the horde has met with misfortune; but from this it wonld seem that
they do not always do so quite so promptly as lLas been supposed. But such
findings of careases in great numbers were few, and were entirely confined to
badly-infested, confined premises ; while the carcases pieked up in streets and lanes
were almost always putrid, and beyond reasonable doubt had been thrown out from
premises on which they had died.  lere, then, we have seen the epizoitic rage with
exterminating violence ; but ihe case of the “ Antillian” goes to show that very
close quarters (or some other circamstance, possibly of quite another kind) are
necessary.  The outbreak among the comparatively few rats which that vessel
carried—probably not more than 100 eriginally —appeared to be still in course of
making slow progress when it was detected.

247. Then, again, we have no evidence of rapid spread over neighbourhoods,
Cases of plague, of course, most certainly draw attention to the state of the local
rats, and plague among the latter is (we think) attended by eases in man only in a
small minority of instanees; so that it is probable that a larger proportion of rats
was affected than we have actual evidence of,

218. On the whole, the following opinion may be ventured :—The discase is
much more frequently communicated from rat to rat than it is from rat to man, or
from man to man (which latter is so uncommon as to be negligible, if prima
plague pneumonia be excepted) ; and as the disease in the rat is a septicemia, it
can hardly be much more easily communicable hetween rat and rat by mere contact
than it is between man and man, of which, alse, laboratory experience affords direct
evidence (see Further Observations on the Mode of Infection, p. 65). Ience I
suspeet that, as in the case of man, some special circumstanee is requisite. T do
not know what this is; but Dr. Tidswell has been struek in this connection with
the fact that during the epizoitic fleas were abundant on all the rats brought to the
laboratory, while as soon as evidence of ils continuance had failed, fleas beecame so
uncommon on the rats, whieh were still brought in in large numbers, as to be quite
insuflicient for purposes of the laboratory collection (sce Eeto-parasites of the
Rat, p. 71). The abundance of fleas on rats during continuance of {he epizobtic
was not specially associnted with illness of the animals; it was generally observed,
and on those which were perfectly healthy as well as on others.

BrECIES
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SrecieEs oF Bars APPECTED.

249. As to the species of rats affected, Dy, Tidswell has made the following
note :—

With the exceplion of a single specimen of the Anstralian water-rat { Hydeomys), which was
Jound to be perfectly healthy, all the rats received belonged to one of two species—Mus deenmanus and
Mus rafivs, Mo record was kept of the actual numbers of cach. In the whole collection there wers
about as many of one as of the other; but Mus raffus predominated among those taken along the
shores, and Muws decumanus among those laken inland. The infected specimens were all Muse decvinene,

e rals taken from the ® Antillian " were all of this species. 1 have not found plague in Mus rartus,
although this species was readily infected in the laboratory.®

Mope oF INFECTION.

250. After association between plague-rats and eases in man has been
dlemonstrated sufficiently often to furnish a strong presumption that the epizoitic
might have stood in causative relation to the epidemic ; and after this presumption
has been strengthened by the observation that whenever there was reason to believe
that the important faets were fully known the epizoitic preceded the oceurrence
of cases in man, a diflicult problem presents itself. This is, how the infeetion ean
be communiecated from rat to man; and, after that has been shown, how it can be
80 ecommunicated sufficiently often fo give rise to an epidemic. The mode of
infection in plague is diseussed by Dr. Tidswell in the following paragraphs :—

* Furlher Observations on (he Wode of Infection,” by Frank Tidswell, M.1%.,
M.Ch., D.P.I., Micro-Biclogist (o the Board of Heallh.

231. Thesubjeel of the mode of infection was previonsly disenssed (Report, 1000, A ppendiz A) under
Ahe aub-headings of (=) inoculation, (8} ingestion, and (¢} inbalation. It was shown that experimenial
animals such as rats and goinea-pigs had isvarially suceambed to subeutancous inoeulation ; and tlat
“they avmetimes beeame infeeted by feeding; whil-t the few experiments concerning inhalation had given
negative pesults,  Exeopt in the matier of inhalation with which some other investigntors have roported
ruceesaful results, and upon which our own observations are too fow to afford valid data, the issue of
these experiments was in general accord with similar cxperiments made elsewhere,  Further, they have
their eounterpart in epidemiological obscevations. For sccording to current belicf the acquisition of
_plague by ingestion, if 1t oecur ot all, is not epidemiclogically operative, whilst inhalation is held to afford
the mode of eniry only in the pnesmonie form of the dizeara. On the other hand, the outeome of our
loeal experience is in keeping with the general tenor of available reports in ascribing the overwhelming
majority of atiacks to inocolation of the bacillus of plague throngh seme part of the external surface of
the Imd';. Accordingly the questions of infection by inhalation or ingestion have been left in abeyanece,
and the laboratory observations zinee made have been dirceted towards the elucidation of the manner in
which the micro-organisms of plague effect their passage through the kin.

{a.) Infection through slight ekin lesions.

452, Inthe former roport it was mentioned that some of our patients showed wounds or abrasions of
some part of the ekin within the lymph-collecting area of the !.luihru-'r but that in all instances in which
material from such lesions was examined no plague bacilli were detected in it On the other hand,
attention was direeted to facts which showed that plazus could b nﬂ]uih'd 1hmu?h small wounds of the
okin, e, the cases of cerfnin medical men in TnEiu and China who became infected through wounds
inenrred whilst making autopeies of plagne eadavers, Tt was reported, by way of experimental support
in this matter, that the test animals used in this laboratory had alwavs died after sabeutancous ilm-rul‘n'liun
of cultures or plague infected material, and an instanie was given in which death followed so small n
lesion as a prick with an infected needle. It may be ndded that culture material applied to a lightly
searified area of a guinea-pig's skin has been found to be followed by infection.

e 253, More recently information hag come to hand of the ohservations of Weichselbanm, Albrecht, and
Ghon, confirmed by Kolle (Beitschreift fiie Hygiene, XXXVI, po 397), that guinea-pigs suceumb o
plague after the application of culture material to a shaved area on the abdominal skin. Repelition of
thia experiment was sueeessful in 1he three jnetances in which it wos fried in this Inboratory, but anly on
condition that the culture material was applied immediately alter shaving., In four other instances, when

:the animals were allowed o remain twenty-foar hours (3) and seventv-two hours (1) after shaving befora
‘the application of the culture material, the animals all remained unaffected.  The first three animals serve
ar eonfrols to the last four as re-;anla virulenen, for they were inacnlated from the same culturea at the
same times, Five similar experiments wore performaod by application of the material to the shaven thigh
of gﬂinﬂ-Fig'_ In three, the application was made immadiately after shaving ; one died on the fifth day

“Trom plogue ; the other two remained unaffected.  Tu another animal the applieation was made in twenty-

‘four hours and the animal died on the feurth day; no plague badlli were found in the tissees and

“the isolation of stophylococens pyogeans aircius and sfaplylococoss pyogenus albus from the blowd,

“liver, and spleen showed that death ‘was due to ordinary septicemia. The remaining guinca-pig of this
scries underwent the application seventy“two hours after shaving and remained unaffected by it. Ina

“third series of animals theapplication was made to a shaved spot on the head. OF two of them to which the

-'ﬁﬁiliulim was miade immediately after shaving, one died, the other remained unaffected. Two others
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reaziving tie application in twenty-four ani seveniy.two hoors respectively after a'h:wing,, remained
wanffected, The total result of these eaperimen’s was that Gve animals aumumbe-::l to the ue; threa
after anplication of the materinl to the abdominal area, and onp e:n_&h ul_"tc'r its application to l,!m thizgh and
head respectively.  In all cases thess animals receive | the application immediately after shaving. In the
remaining eases where an juterval of tweaty-four hoars or more elapsed between shaving and the
applization of enlture the animals did not die of plague. In all the fatal cares there was evidence of
loeal re-action in the formation of tiny vesicles fpﬁfycf@ﬂiesl upon the infeeted shaved areas. The
easential detaile of the oxperiments are given in the following table : —

Tante XXVI—Showinz tho results of application of caltore of faoillus pestis bubonics to shaved areas of

Guinea. pigs,
Time enlture Tegull Broik

ki died edulk. [ 8

& | shaved. nll:rrh:u:';qg.

1 | Abdomen Tmmedintely | Died 3rd day...| Phiyetenule 2nd day ; inguinal bubo; P, bacilli in tissuca

2 TR " " tth LLINCE " L1 "

:! ¥ T e " e £ “-| L1 L1 ] w

4 g wes| 24 howrs ...| Unaffeeled,

h {13 ': —,I an £ (13

i o] O " |l

] e B o |

8 | Thigh ...| Immediatel " 3

f ) o Died 5th day.... Phlyetenule 3rd day ; inguinal bubo ; P. bacilli in tissoes,
10 it l 2 oo Unnffected.
11 . 24 hours ... Died dth day...| Fo phlyctenule ; no bubo; pyogenic coeci in tissues,
12 " 3 o] Unnffeetad. |
13 | Head ...| Tmmediately | Died 10th day..| Phlyetenule 3rd day ; cervical bulba; P, bacilli in tissues
14 i 1 ool Unaffiected.
15 o 24 hours .. ™
16 = Tl “'5 "
I-l':'_ Abdomen| Control  ...| Died 5th duy...| Subeutancous injection; inguinal bube; P. bacilli in tissues,

|

254 The shaving of the guinea-pigs was performed in the ordinary way aflter lathering with Boap ;
the shaved area being afterwards washed clean with sterilised water. Antiseptics were not used in view of
their presence vitiating the results. One's personal experienco of the smarting occasioned tha
applieation of cosmetica (eg., Bay rum) to the recently-shaven chin and the associated tion of
denuded epithelium led to the shaved nreas of the guinea-pigs being earefully examined with aid of a
hand lens for evidenee of minute lesions. No animal showing actual smafl euts or ooz poinis was
used in the above experiments.  But ghort of actual penctration of the skin there were usually to be seen
small red points—eapillarics showing through the partially-removed epithelium—and the ‘whole area
prescoted the appearance of snperficial denudation of cpithelivm, The material on the razir contained
an abundance of epithelial cells, and no doubt, from a histological point of view, the amourt of epithelium
removed would be pretty considerable. 1t is to be concluded that the shaved skin is not intact: it is
rather the site of a mild abrasion. From the results presented above—the lethality of immediate and
innocuousness of later applications—it appears that even this slight abrasion causes enough impairment
of the protective funetion of the epidermis 10 permit, when recent, the passage of bacteria to the deeper
tissucs, but that in the enurse of twenty-four hours the injury is sufficiestly repaired for such invasion to be
successfully resisted. Physiological considerations no less than actual experience su t that the
passage of plague bacilli through the skin is conditioned by the I;reacnm of a lesion of the epidermis at
least, but the foregoing observations indieate that the necessary lesion may be very minute,

255, Presuming that minute or gross lesions, such as wonld suffice for the entrance of p bacilli,
are commonly present u the human skin, there still remains, as an cesential factor for infection, the
contamination of the lesion by plague baeilli. In exeeptiomal instances the contamination results from
actual contact with infeeted persons or rats, but in the great majority of cases neither of these conditions
obtain, For the mode of infection under review tnfm epidemiologieally operative, the bacilli must be
capable of extracorporal existenee upon such materials as might gain access to the lesion,

(b)) Viability of bocillus pestiz wpon inanimate walerinls.

258. The poesibility of plague being
uhservations being made in this laboratory

“‘."11'5""‘1 per medium of soiled ariicles led to the followi
wil

the ubject of determining how long the bacilli eo

eurvive upon sueh articles under the climatic conditions met with in this country. The method followed
was to w'ect portions of various materials, remove them from the rource of infection, and subsequent]

aseeriain by culture how long the bacilli remained alive in them. The materials wers
and then infected by sonking them with broth emulsions of agar

initially steril
cal*ures of bacillus pestis, oF were

placed upon unglazed porcelain slabs enclosed within double glass dishes. Eamples of each were removed
and placed in bouillon tubes, 1hen ineubated for twenty-four hours, afier

at intervals of one or two days

which subeultivations of 1he
made of the iuitial sterility of the articles mf".na of their sulbscquent freedom from extrancous
contamination, as well as of the identity of the Lacteria in the ultimate cultures. Three observations

had to be rejected on aceount of
but otherwise no dilliculiy
In view of the fact that

uillon were made u

n agar tubes.  The usual bacteriolegical checks were

miscarringe of the precautions aud contamination at eome stage or other,
waz experienced fn carrying the tedious obecrvations ul'q:r]i through to the end.
many observers have stated that the bacillus is veadily

illed by drying, the
various
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various experiments were arranged s0 as to display the results when the materials were deied rapidly,
dried naturally, dried slowly, and kopt wet. The lirst was effectel by placing the dishes in the ineabator,
with a Inyer of cotton-wool betwoen the upper and lower dishes; the materials all appeared to be drey in
about twenty-four hours, Tho seconl could not bo exactly obtained, sines the materials hid to be kept
in the dishes to avoid contamination, and thus their drying was retardeld to some extent; but no speeial
measures were taken to keep them moist, and the materials dreied in different periods during the coursa
of a week or two, The third ]prmu was elfccted by placing the porcelain slab on slightly-moistened
cotton.wool, which kept the glass chamber moist for & time, anl delayed the drying of the materials for
two or threo weeks. In the fourth ease the slab was placed on wet eotton-wool, and the materials did
not become dr{adnring the period of observation. With the exception of those incubated, the materials
were kept at the temperature of the laboratory and exposed to on?inmy light. It is to be noted that tho
materials received with the bacilli a cortain amount of organie material (dsuillon) which could serve them
as pabulum, and such as would be present if the articles had been soiled by infected bedily seereticns,
The conditions were unnaturally favourable to the survival of the bacilli, in that they protected them
from competing saprophytic bacteria. The materials chosen for observation comprised dust from the
eorners of floors and shelves of d#&llin%a, and from the floor of o produce-store ; grainand other produce ;
elothing materials (linen, cotton, flannel, tweed, &e.), and packing matesials such as straw, wood-libre,
and saw-dust. The results of the observations are shown in the following table :—

Tanre XX VIL—Showing results of experiments to ascertain the extracorporal viability of bacillus pestis
upon specified materials,

- Kumber of davs Bacilli survived in
X Mabesial h“g"fmr I Material,
N | Obsarea- | g iote | Naturall v | Hept
toca.” | Bagidly | Navemlly | Slowly | Kept
1 | Dust of dwelling—aeorners and betwesn flooring boards i 1 34, 11 a1 ‘ 15
2 - shelves 1] FONC Thal [ dniooncl | LI [ s
3 | Dust of produce store—floor T L e e | TARUI s
4 n  Btrect L. fi =1 | &3, 10 15 13
b | Grain—wheat i 1 3,04, 4 7 11
[ p  TORIEG 5 1 3 4 it ]
7 | Potato parings . A 3, 4 ) 1| SR (Weeiss
& | Carrot parings ... | [ | 4 IO e
9 | Peameal .., - 5 1 4. 0 T 11
10 | Bran 1 I i R | e
11 | Flannel {old washed material) ... 3 | 3,4 Tew L
12 | 8ilk {old washed materinl) b Foe | | O | 3 11 T
13 | Muslin me muterial) ... 4 -1 | 3 21 12
14 | Cotton (new material) ] a | 4.5 15 11
15 | Linen {old material) ... A [ 1 3,4 [ | RS
16 | Jute sacking (old material) ... wi| B 2. | 46 15 1]
PE e R el makertal)i T S L s Gn el U s |t T J [
18 | Serge (old material) ... wee 2 1 S| [ | 1B
19 | Birmw ... 4 -1 1, 4 Y R
20 | Wood filire g IR F4, D L 7
21 | Bawduast ... h 1 4,50 15 i ......

237, The fact that the bacilli died out in periods varying from less than one day to three weeks, may
ba faken as indisating that their extracorporal esistence is o matter of survival rather than of continued
viability. For, as already stated, the materials were soaked with notrient broth, such ns would have
sapplicd the basilli with abundant food under the condition of artificial enltivation. The issue of the
different seriea of obaervations showa that the bacilli are markedly influenced by dreing. In materiala
rapidly dried the bacilli survived usually not longer than 24 hours, sometimes less, rarely more; and
never longer than two d;ju. In materials drying naturally the bacilli survived uvavally three or four
days, in a few instances for nine, ten, or eleven days. In material deying slowly they survived vsually
for one or two weeks, and exceptionally for thres weeks. In all these instances their extinction seomed
to be associated with the drying of the material, bat the data contained in the last column of the Tablo
indicate that excessive moisture is not greatly favourable to their eontinued existence. These various
results are in accord with those proviously raported (Roport 1930, p. 53), and gencrally with those reported
by other investigators.

238, The chiaf interest necezaarily attaches to the resulta of those experiments which most closely
simulate natural conditions. In so far as those dealing with naturally and elowly dried materials may
be regarded as fulfilling these conditions, they indicate that the bacilli may be expected to survive on
inanimate materials for three or four days as o role, and that they can survive for as long as two or three
weeks in diffused daylight, and at the ordinary indoor summer temperature in this eity.  But it has to be
remembered that the experimental conditions are in fact more favourable to the bacilli than strictly
matural enes would be, so that the indicated survival is probably in excess of that which woeuld obtain in
nature. Lt is accondingly to bo inferred that such materials can only serve as the means of disseminating

e for usually not longer than thrae or four days, but exceptionally for two or thres weeks after
ming contaminated with plague baeilli.

259, It dozs not scem likely in view of theao results that the infoction was brought tc us with mer-
chandise from overzea, nor that tho second epidemic arsse by redispersal of infection remaining latont

after the first epilemic. But they do not in themselves exclude infected articles from having bad ]v-unm
- “ share
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share in the local dissemination of the disease. The survival of the bacilli is long enough, in dust and
elothing for example, to admit of their carringe therein to lesions such as thore mentioned in the previous
section. However, if such articles played a part here they were not exntaminated by plague-stricken
persons, for our patienta most often had no :*_mc_iatiml._ \rlmlc-r_r!-r,. 1!]1-13':-.[ ar indireet, ?n:h the sick, The
one suggestive common feature in their histories is their association with plague-stricken rats.  Porosal
of the aceounts of the two epidemies that have occurred in this State shows that plague-rats have pre-
ominently figured as the associates of plague in man, and in many localities it was clearly manifest that
they wore the forerunners of the incidence of the disease upon human beings. Our experience does not
permit ug ta doubt that the rats were the sources of infestion for our patients.  But sctual eontact with
them was exceplional ; most usually the evidence went no forther than Lo reveal the presence of plagoe-
rats in the vicinity of the place where the patient became infected.  As the implied intermediary between
rats and human beings, suspicion might reasenably be atiached to materiale contaminated by Tats,

260, Bul given the lesion of the skin referred fo in the previons section, and given confaminated
material guch as that just deseribed, infection yet d.rrrmnds on the accidental conjunetion of the twowithin a
limited period of the time the last meationed has received its load of bacilli from the rat. For this conjunetion
to oeeur with sufficient frequency to produce an epidemie of plagus implies that the bacilli are distributed
broadenst by the rats.  Bat there is no good cridence that plague.rats do so generally infest their
eurroundings.  On the other hand attention has already been ealled (Report Iﬂ[}.'!.rjl;u_ 33) to the fact that
rats, guinea-pigs, and mice were often placed by us in intimate contact with their artifieinlly glugna-infu_ctad
fellows, or in the uncleaned cages and jars in which animals had died of plague, without in any single
instanes becoming infected.  More reeently we hare exposed guinen-pirs with shaved abdomens in similae
Jars with the snme negative results, even when the jarand its contents were additionally contaminated with
culture material quickly fatal to inoculated controls. The escape of these very susceptible animals under
conditionz o favourable for mediate infection from soiled articles makea it difficult Lo conceive how the
chanee transference of the baeilli in this manner can be epidemiologically significant. In view of all the
eircumsances it would appear that whilst this mode of infection is possible, and may be occasionally
operative, available evidence falls far short of indicating, or even suggesling, it to be the usual or regulae
means by which epidemies of plagne are maininined. e | F

261. That is a very lueid deseription of the circumstances which must obfain
in order that the infection of plague may be communieated from the rat-to man.
There must be a breach of that epithelium whose function it is to defend the body
against invasion by micro-organisms; the breach must be recent and (probably) not
more than twenty-four hours old; the infection must be. deposited by the rat on
inanimate articles with which man can come into contact (or, rather, epidemiologically
speaking, is likely to come into contaet), and it must not, as a rule, be more than
three or four days old: and then, when these fonr conditions have coincided a fifth
must coneur with them, which is, apposition of the wound and the deposited
infeetion. The chanees against the required -eonjunction are evidently many.
Slight defeets of the epithelium sufficient for the contemplated purpose ave, perhaps,
not very uncommon, and rats which traverse articles in use by man at the requisite
stage of illness ean diseharge infection upon them (from the nasal mueous membrane
in earlier, with the exereta at later, stages) ; vet it does not require mueh considera-
tion to see that in practice the infeetion can rarely be taken thus. But T have
already expressed an opinion that among the conditions necessiiy to the spread of
infection from rat to man there must be some one (at all events) which is rarely
present in conjunetion with the rest; can failure to bring the minute wound into
contact with the small quantity of deposited infection be it? Clearly such failure
must happen much more often than not. ;

TwerLve Cases 1x wutcn INFECTION WAS NOT TAKEN, IN¥ ALL PROBABILITY, BY
Casvar Coxract witn Derosirep INFECTION.

262. The infection of plague is communicated to man by inoculation through
the skin in the vast majority of cases. The proof has been well stated imﬂ
Report of the Plague Commission in India; it is * . . . . that rimary
buboes practically always develop in conneetion with lymphatics which originate in
the skin . . . . . " The constant preponderance of “inguinal ” or * groin ™
huboes over others, was also shown in the same paper to stand in relation to the
larger avea of skin which drains through the Iymphatic glands of the gvoin.
Analysis of returns, which represented 5,142 eases of bubonie plague, showed that
the ratio in which bulboes oceurred in the lymphatic glands of the head and neck,
the axilla, and the groin respectively, was nearly the same as thz ratio which the
skin-areas draining through the lymphaties of those regions bear to each other.

‘213,
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263. The proportion in which groin buboes are met with always preponderates
over that in which the buboes oceur in other regions of the body ; this was very
early observed among Eastern races who habitually zo barefoot. Before lone,
however, the same preponderance was noticed among Europeans (though in small
number) who did not go barefoot; but the hint thus given seems to have been
overlooked, and (perhaps, in consequence) assumed infectiveness of ground-surfaces
beeame a prominent feature in writings on the mtiology of plague. But at Sydney,
in 1900, we were able to show that in no less than 74 per cent. of the 226 eases in
which buboes were exhibited, the latter were found in the groin, although all the

tients referred to were white, clothed in Earopean fashion, and invariably shod
uring the day (Report, 1900, p. 40). The validity of the banal explanation of
the preponderance of groin buboes thus seemed to be rendered more than doubtful,

264. But I had pointed out in the same Report, that the infection of plague
was received by man, for the most part, within houses ; which seems also to have been
noticed in India (Flague Commission in India, July, 1901, Report, p. 101).  Now, if
the infection be usually received by man within houses, the objection raised above to
the banal explanation of the preponderance of groin buboes must be revised ; for
there is a time of day when nearly all people, whites as well as others, go barefoot ;
namely, when they are going to bed or rising from it. At that time, therefore,
infections material deposited on floors, earpets, &e., by rats (or elherwise) would he
more likely {o come in contact with the unprofected skin of the feet than with that
of any other part of the body. Bo that, although conjunction between a recent
breach of the epithelinm and deposited infection in the requisite state of activity
cannot often happen, here is the opportunity for it at all events; and plague was
not so frequently contracted by our people in either epidemic but that possibly those
E:rsnms who exhibited groin buboes mizht have received the infection in that way.

et us try, then, to ascertain what the faet was : Does the record contain any cascs
in which infection resulting in groin buboes was, probably, not contracted by casual
contact with deposited infection of the unprotected skin of the lower extremities ?
IE it turn out that it does, the hypothesis under examination will be very greatly
weakened ; must, indeed, be discarded as an explanation of epidemic bubonie
plague.

265. Amceng the 139 cases which constituted the epidemie, there were 106 in
which buboes oceurred in the groin.  DBuot it is necessary to speak more exactly.
Our present concern must be with primary buboes, sinee these alone indicate the
region of skin through which the virus entered ; and, in order to leave no room for

ssible confusion between primary buboes and secondary glandular swellings, it is
esirable to fake into account only those cases in which the groin bubo was solitary.
Then the expression ““ groin bubo™ is loose. A bubo in one of the oblique set of
inguninal glands indicates infection through the skin of the lower part of the trunk.
Buboes in one of the vertical set of femoral glands alone indicate infection through
the skin of the feef, or of other part of the lower extremifty. An examination
intended to discover whether there were buboes betokening infection through the
gkin of the lower extremity must, therefore, be limited to cases which exhibited
solitary buboes in one or other gland of the femoral chain.

266. The total number of such cases was G0, but the majority ave not
available for the present purpose. Thus the place at which the infection was taken
could not be determined in 16 of them; either the inquiries made failed to reveal
any clue to it, or else the evidence for infection at home and at work seemed equally
cogent. These 16 must be thrown out, therefore, for they (or some of them) may
have been infected at their place of residence, where they were admittedly exposed
to the risk ascribed to bare feet which is now under investigation. In 25 other
cases it was considered that the patient did receive the infection at his place of
residence ; so that these, too, must be thrown out for the reason just given, In
8 others the place of employment probably was the place of infection, but the
details left room for some slight doubt; these are excluded by way of precaution.
Three more were Clinese, eoncerning whom either information of the required kind
could not be got at all, or it was untrustworthy. Lastly, one was a woman whose

movements could not be traced. So that 48 of the G0 have fo be r.liscTevir{Iml.
1ere
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There remain 12 patients who had solitary femoral buboes, and who are eonfidently
adjudeed to have received the infection away from home (while at work, in all but
one case) and therefore while fully clothed.

267. Most of these twelve cases have been already referred to at greater
or less length ; their serial numbers are therefore given, together with a reference to
the paragraphs in which the necessary particulars concerning them may be found :
1 (par. 77), 14 (par. 92), 18 (par. 212), 211 (par. 21), 34 (par. 217), 49 (par. 134),
70 (par. 218), 81, 88, 03, 125, 129 (par. 219). The following ave details of the four
cases which have not previously been deseribed : —

Casoe 84~—1L, wh. 39, a tailor; attacked, March 20, at midday, while at work ; discharged, May 24 ;
place of employ ment, 267 Pitt-strest.  From under the floor of the reom in which the I5;_:1.ti|z.|:|.t, worked as
n prossor nine carcases woere removed ; many others were found under the floors of adjacent roome, as
well as large quantities of rats” dung, nests, rags, paper, and socds (from a forist's). FPlaes of residenca,
Strathfield, a suburb 7 miles away, which has harboured no other case of plague at any time; the
Lonse was in very good order, and entirely free from all traces of rats.

Case 83.—ML, wk. 53, earpenter; attacked, March 27, mormn'ng; discharged, April 28; place of
emplovment, Union 5.8, Co.’s wharef, Darling Harbour, which was one of 1he infected line, Ressden
Laichhardt, a suburb about 3 miles away, which had yielded no indigencus cases ; the house was in goo
order, elean, and entively free from all teaces of infoeetation.

Case 03 —F., ot 27, sempatress ; aftacked, April 3; discharged, May 24; place of employment,
an upholsterer's, 197 to 111 Castlereagh-strect. There were abundanb signs of infestation with rats
everywhere, but no earcases were found ; dead rats had been scon six woeks carlior when, it was alleged,
wison had been Inid,  Hesidence, Marrickville, a suburb abont 4 mites nwny, which had at no time
iulfbﬂ'lll'ml any other case ; the house was in good order, and entirely free from all traces of infestation,

Case 125.—M., wt. 5k, carman ; attacked, May 11, midilay ; died, May 16; place of employment,
Gray's stables, Elizabeth-street, Waterloo, which were infested with rats, and from which a plague rat
had been taken on April 26; another plague rat was taken at other stables near en April 21,
Residence, 151 Bullanaming-street, in fair onder ; i was said that no rats had been seen there, and there
were no traces of infestation ; no indigenous caze lad occerred anywhere near the house, but the further
neighbourhood of it was not free from suspicion.

263. Of these patients 8 inhabited houses in neighbourhoods which were
distant or even remote from the infeeted avea, and which were at all times free
from suspicion of infection with plague (yielded neither indigenous cases, nor plague-
rats) ; and while, on the one hand, 11 of the residences bore no traces whatever
of infestation with rats (the twellth alone having exhibited some slight signs of
infestation), on the other hand the places at which the patients were employed
(including one who had merely visited Her Majesty’s Theatre) were badly infested,
and had yielded dead rats in number in ten instances at least.

269. It is certain that these persons all fell into danger at their place of
employment, and apparent that they were not infected at home. At their employ-
ment they were fully clothed ; their lower extremities were protected by boots,
socks, or stockings, and trousers or petticoats, while their hands, arms, neeks, faces,
and in some cases their ehests too, no doubt, were uncovered, exposed, and in no wa
protected from casual contact with deposited infection : and, therefore, they should,
ex hypothesi, have exhibited cervieal or axillavy buboes. In fact, however, they none
of them did so. They were all of them inoculated in one or other lower extremity—
in that very area of skin which, beyond all doubt, was well protected from casual
contact with deposited infection.

270. I am unable to imagine any plausible cxplanation of the inoculation of
these 12 persons in the lower extremity, which does not include some means of
communieation between them and plague-rats which is eomplete in itself, endowed
with locomotive powers, attracted to man by instinet, and more likely to reach this
than any other part of the body. These requirements betoken an insect, and the
inscet which best meets them appears to me to be the flea.

Only one other mode of common eommunication of the infeclion from rat to man can be surmised,
namely, soiling of food with infective excretions or seeretions.  But the conclusion that bubonie pl
i taken by inoculation through the ekin is generally aceepted on definite pathological evidence ; 1.'Ei||
the other generally-accepted opinion that, at most, man has very rarely been infected by feeding, is based
on the all but entire absence of similar pathological evidence to the contrary.

271. Simond’s results with fleas have not as yet been corroborated in this
laboratory ; but several unsuceessful attempts have shown that the experiment is a

very difficult one to control, rather than that the infection cannot be conveyed by
means
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means of flezs. A good deal of time las been devoted to preliminary or collateral

points by Dr, Tidswell, whose results and remarks upon them are embodied in
the following report :—

Eeto-perasiles of the Ral. By Frank Tidswell, M.B., Ch.2., D.P. I,
Micro-Biologist (o the Board of Health.

(c) The Eeto-Porrsites af Rals.

272, The failure of available facts to clear’y incriminate deposiled infeetion as the source of plague
in our patients made it important to investicate another possible intermediary. In the previous report
(1000, p. 56), attention was enlled to Simord’s suggest'on that 1he Deas from rats probably played such a
rﬂ. In eomnection therewith it was ment'oned that the phlyetenules described by Eil':r:-:rl:uE-| as resulting

rom the bites of plague fleas bad Leen obseried in a few cases in which they had been looked for; that
plagae bacilli had been found in one of them, and had been alzo obtained from fleas taken from an
infected rat (loc. eit. Appendix A, p. 56). During our more recent expericnee the occurrence of plagoe
bacilli in fleas taken from infected rats has been twice more demonstrated in a similar way, viz., by
cultivation and inoculation experiments. This thrice.repeated observation is in second with the accounts
of other investigations elsowhere, and it scems now well established that fleas from plague rats can
harbour plague bacilli.  Although this is eo, it has not vet been adequately demonsieated that the bacilli
#0 hnrbonred con be carriod over to other snimala to which the affeeted Moas have aceess.  Simond, indoed,
reported sucecesful reanlis, hot the similar experimenta of Die, Kalle in Berlin (Zeit. £ Hye, Bd. 86,
& #12), and those performed in thiz laboratory (Report, 1909, p, 67) had negaiive ssues, From the
experimental point of view, Simond's observation remaing hitherto unconfirmed.

273, Objection to the theors has also been made in view of the nature and species of Neas infesting
rats. Bimond, whilst candidly admiiting his inability to pronounce upon the species of the fleas found
him upon rats in Indin, and to which he aitributes the power uil tranemitting plague, nevertholess
distinetly states that the fleas in question did bite hnman beings on whom lhc?' were placed.  (Annales
do I'Institut Pasteur X11, p. 678.)  On the other hand it has been contended that the feas infesting rats
will not bite man. Dir. Nutiall, of Cambridge, points out that the * rat flea " — Typhlopayila mueecnli—
balongs 1o an entirely different family from the flea of man— fufer irrifons—and that there is no evidence
that it will uee man az a host (Johns Hopkina Hospital Reports, V111, p. 21; JL Trop. Med., ¥V, p. 65),
whilst Professor Galli Valerio, of Lausanne, reports liil'l'!lﬂ-l'LIlI;" with respect to the two species of Hean—
f}fﬂ ylfa mueculs and Puler fosciofus—found by him upon rats in Europe (Cent. f. Bact., XXVII,
B 1; dbid, XXVIII, = 842 ; JI. Trop. Med., V., p. 88). Briefly, it is zaid on the one hand (Simond) that
fleas from rats did bite man, and on the eiher hand (Galli Valerio), that feas from rate did not bile man.
In view of the simple nature of the fact to be determined, it would appear most likely that the discrepancy
is due to the reference being to differont species of flens.  Fur it by no means follows that the rats in
India and in Eumlm are exclusively infested by the same species.  Available aceounts, indeed, clearly
indicate that a species prevalent at o particular place or time may be represented by a different species at
another place or time.  For instance, Mr. Carl Baker expresses the opinion that Puler inaequalis secma
to be the Norih American represeniative of Pulrr geniseephalus of European hares and rabbits (Canadian
Entomologist, XXVII, p. 164), and Mr. L. 0. Howard reports that the speeics which commeonly overruna
houses during damp summers in the Eastern cities of Amerien * is not, as wany have supposed, the human
flea,— Puwlex irritans—but the common cosmopolitan flen of the dog and cat "— Prles serraticeps—
(Bulletin No. 4, Division of Eatomology, U.5. Department of Agriculture, 1596, p. 24), Further, it is
mentioned in the report of the cuthreak of plague at Sydney, 1900 (p. 47), that Purler serraficeps, a
ppegies known to attnck man, was found opon the rats examined during that epidemie, This Inst
geenrrence 18 not noted in any other docume nt available to me, and Professor Galli Valerio’s comment
upon it is that it must be 2o rare as to be accidental. However thie may be, it is clear from the items
just quoted that thers is need for inquiry as to whether the prevalent specics in Europe are also the
prevalent species elsewhere.  For unless this be shown to be the caso statements concerning the habits of
Typhlopsyila museuli and Puolee focirfus are insofficicnt to negative the idea of the participation of a
flea of gome kind in the dissemination of plague.

274. In pursning our investigation of Simond’s theory it seemed desirable, in view of what has been
eaid above, to aseertain in the ficst place the exact species of Neas to be found upon ourrats. The opportunity
afforded by the receipt of rats for the pathological and bacieriological examinations already described was
accordingly made use of Lo secure specimens of fleas npon them. 1t usually happened that the carcares
of the rats were brought to us wrapped np in paper parcels.  To facilitate collection of the fleas, as well
a8 A precuutionary measure of ;leealion against possible danger from them, it was made a rule to pour a
little ehloroform throwgh o small hole in the paper before the parcel was opened. This snfliced to stupely
or kill the fleas, which were then picked up from the paper or obfained from the fur by searching with
the aid of a fine.foothed comb, This process was carried cut during the height of the t'pigz-mi-: until nbout
5 [11] 4peeim|ml were colleeted ; this nomber being deemed adequate fo afford a reliable representation of
the species present. The fleas obiained were immediately placed in Xylol and afterwards mounted in
Canada baleam for microscopical examination. In classifving the epecies 1 have been mainly goided
by Mr. Carl Baker's descriptive list (Canadian Enlumuinﬁ;l’ut, Y. #7), but aceess was aleo hod to
'liuhenbug'u “ Die Flohe,” to Xeumann's ® Teaité des Maladics Parasitaires,”” and to other works of a
similar character. 1 have also to pratefully acknowledge assistance afforded to me by Professor W. A.
Haswell, ¥ 1t 8, Sydney University, and by Mr. W. . Rainbow, IF.L.5., Entomologist to the "n.uui_r.l]um
Museum, Sydney, who were geod enough to ezamine my specimens and cheek my determination of
Bpecies.

275. The initial position of affairs, so far as one could gather it from available documents, was ihat
one might expect to find on the rats two species of Heas—Vyphlopsylle muceuli and Pulex fasciafne—a nd
there was a svggestion that at least one other species— Puler sereaficrps—might also be found HLPGH
them. Actual examination of the specimens collected as above deseribed showed, however, that no less than
four species were represepted.  In accordance with the statements of Eoropean and American observers
two of the species were Typhlopsylla wusenli and Puler fisciafus. In confirmation of cur previous

report
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report the thirl species was Pulex serrativeps.  But the fourth ie wae one not hitherto mentioned
.u'ﬁfcumng of u:?dinnr,r rais. A photograph of this flea (as wnlﬂ?ﬁf the other speties found) iﬂfinm
in the plates herewith. After Jong and minute examination I eoncluded the fea was FPuler pallidus,
or cleo was on undeseribed very close ally of that species. In this. conclusion Mr. inbow
agreos, a8 also does Professor Haswell, although the latber ints out some minor diferences Trom
Mr. Baker's description of the type. [ have, therefore, felt justified in referring to the flea as Puler

allidues, at all events provisionally and for the purposes of this report. Mr. Baker stales that Puler pallidus
{ma been found on Mes albipes (the Abyssinian white-footed rat) in the island of Socotrs, and upon
erpestes ichnewman { Pharoah’s rat) in Fgypt, o thatits being found here npona n;:miﬂmf rats would be
consonant with its already known habite. It is more particnlarly interosting in being a VeTy near relative
of the flea of man— Puler irrifans—from which it differs in general sizo and colour it is true, buk
otherwise only in delails such as the comparative lengths of the tarsal joints, number of joints in labial
palpi, and eonformation of male generative organs.

276. The epecics referred to, and heneeforward in this report called Puler pallidus, not qn]rm
on the rats, but was by far the most abundent epecies present. OF the 100 specimens collected and
cxamined as above-mentioned, 10 were identified ns Pules frscictus, 8 ns Typhlopsylle museuli, | as Puler
serealtceps, snd no less than 8l as Puler pallides. The overswhelming prreentage of the last-named
ppecies removes its occurrence from the sphere of accident ; there can be no question that at the time the
obsorvations were made it was the prevailing species of flen infesting the rats,

277, Tuorder to determine whether this occurrence of Puler pallidus was a purely loeal eircumstance,
or applicd also to other parts of Australasia, I addressed a request for specimons to official confreres in the
ather States of the Commonwealth and New Zealand. I bave here to thank Dr. Burneit Ham, of
Queensland ; De. Astley Gresswell, of Vietoria : De. T. Borthwick, of South Australia ; Dr. Blackburno,
of West Australia; and Dr. Mason, of New Zealand, for their generous efforts in response. 1 append
hereto a tabular statoment of the species found amongst the specimens so kindly forwarded, except as
regards those From Vietoria which ardived in too mummified a condition for sccurate observation, By
way of completion I lave inserted the Agures for Sydney, and tlose for the fleas forwarded from
Neweastle in this State by my eolleague, the Medieal Offcer of [lealth of the distriet, Dr. Rolert Dick.

Tamen XXVIIL—Ehowing Nambers and Species of Fleas oltained from different paris of Australasio,

: XNo. of ba|  Po Pule. Prlex
Lacality. | ’lpc?rn:m. | %P?J | Em‘ie:.;l. Ernqﬁ:# Pallides,
Brishane, Queenslnnd 5 103 p LRl (st d i 7o
Addelnide, South Australia - L7 sk AL L ] 6 R apaniELt
FPorth, Western Australia. ., (] Ul (RS 1
New Zenland 0 | 3 GF° | en ol SRR
Mowenstle, New South Wales ., 34 a4 e 1 e T
Bydnoy, T 100 | & 10 1 £1
Totals ... ... = 300 | 58 66 T 169

278. It will be scen from the table that Puler pailidus was found amongst the specimens from
plaee except New Kealand,  The fact of 118 presence in Brishane, Nowcastle, Sydney, Adelaide, "‘“.1 Porth,
_'Fllnl.ilica the inforence of ite general distribution along the east, south, and west coasts of Australia, for it
1s probably to be found also in Melbourne. As no response was made to my letter to Tummin,?i have
no data with respect to that island,

2?;:!. Lulex fosciatus comes next in point of numbers, but was found in three only of the places
mentioned,

280, Spevimens of Typhlopaylla musenli were nearly as numerous as Puler fieeiafns, and wore more
penerally distributed, being actually present in all but one, and probably to be found in all the places

mentioned,

281, Least numerons were specimens of Puler servaficeps, which were found only amongst those
collected at Sydney and Brishane. It may be mentioned, however, that some of the dﬁeﬂ’ﬂm forwarded
from Melbourne appeared to belong to this species.

252, Tt will be seen from these observations that the ordinary fleas of rats— Typhlopeylia musenli and
Fuldex fascictus—mnated by Buzopean and American authoritics, are well rrprennnt-enf upon the rats in mi.
part of the world; that amother species, here called Pales pollidus, ond not noted by the authorities
mentioned, is even more conmon upon the rats of the Australian continent, and that Puler serraticeps is
to be found upon our rats in some instances, Whether or not ithe number of ihe latter is so small as to
be validly ateributable to accident may be left zn open question. Tt is at least certain that Typhlopeylla
muscnli and Puler faswiatus are not the only species of feas to be found upon rats; consequentl
inforencos based upon observation of them alone eanmot be accepted as vald evidenee in refutation &
Bimond's suagestion.

233, By way of eorollary (o the examination of fleas from rats a similar collection was made of feas
from man. OF 101 specimens 1hus obtained, 86 were Puler irvifans and 16 were Pules serraficaps. 1t
may here be added that a single flea obtained from a wallaby during the prevalence of plague at the
Zoologival Garders was a Pules servaticeps, and that numerous specimens obtained from doge and cats
all belonged Lo this specios.

28k As regards the eapability of attacking human beings, we have but fow observations to report, Tt
happened that whereas during the prevalence of plague, we had no partieular difieulty in eollecti
the 100 specimens mentioned above, yet since the disappearance of the epigoitic the rats exami
have
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have been remarkably free from fleas. Our frequent searches for specimens have been most usually
fruitless. It was only now and then that we came neross two or three fleas on some particular
rat. Tlese rare specimens were either Thphlopsylle musonli, Pulex foscinlus, or Pulex pailidus.
Our observations upon their ability to bite us were made during this peried of scarcity, so that wo
wore not able to make extensive trinle. Our experience as far as it has pone is in accord with
the statement that Typhlopsylla musenli will not bite man, but we have been bitten by all three
pulices. A specimen of Pulex fheciadus which bit one of my assisiants was aftorwards scen by
microscopical examination to have its stomach full of fresh (bright red) blood. In some trinls with
;podmem of pallidus immediately after they were faken from rats the parasites refused to bite, but a
ea of this species bit me readily enough after being kept without l'ol:u:riu n glags phial for about four
hours. The sensation of the bite, the subsequent wheal, and the presenee of bright red bleod in the
stomach furnished convincing evidence of the parssite's attack uwpon me. This experience was
subsequently repeated upon other persons with like result. As to Fuler servoficeps, authoritics are
sgma] that it will bite man, and this is also vouched for by commen experience of Aeas from dogs and eats,

It will be seen that although we ennnot elaim to be in a position to make any gencral stalement
with pespect Lo the proclivities of the varions fleas, the few trials we have made show clearly enough that
of the four epecies found by us upon rats, theee—Puler pallidus, Pulex fasciatus, and Pules serraticeps—
possess the ability o bile human beings. The fact that they could do so as a matter of Inboratory
observation does not necessarily imply that they would also attack men under more natural condiiions ;
but this does not seem to be an unlikely event, eapecially if the cireumstances be such as to deprive the
fleas of ready access io their acenstomed pabulum, s must be considered to happen at times in the courss
of an epizodtic of plague. TUpon more than one occasion the officers of this Department in charge of
eleansing gangs have reported that the men have been invaded by Lordes of Aeas when dealing with
places at which rats had recently died in large numbers.  On two ogeasions we had the opportunity of
verifying the fact that men had been abundantly bitten by fleas, but we did not succeed in obtaining
spocimens from the men nor from the places coneerned. [lence wo cannot pronounce as to the species
oll' fleas responsble. In view of the fact that Pulexr pollidies was the only species occurring n'hunmﬂj
on the rats it naturally falis under suspicion ; but there is no certainly that the invading fleas came from
the rats, for it is to be remembered that Pulex irrifans sometimes swarms about habitationz. 1t might
be expected that if such fleas came From the rats and eonld carey plague bacilli with them, the fact would
be indieated by some incidence of the disease upon members of the cleansing gangs. It actually happencd
that six of these men, as well as bwo rat-calchers associated with them, in all eight pereons, became iml:!clcd
with plague. Consequently, although we canrot definitely assert that the fleas eommonly infesting rata
will of their own accord attack mon, there are no data within our knowledge opposed to this eventuality)

The foregoing statements suffice fo show that one species of flea—Puler serraticeps—exhibita
considerable c:th{ir:lt_r in the matter of a host. Mr. Baker mentions various animals upon which it has
been found (loe. cit., p. 164), and we have here taken it from eate, dogs, rats, human beings, and a
wallaby. In view of the fact that it occurs on both rats and man, it would not be unreasonable to infer
that ta it, if to any flea, might be attached the suspicion of dissemivating plague in secordanes with
Simond's theory. In this conneetion it is interesting {0 note that in HSimond's suceessful transference
experiment the fleas concirned are said to have boen obtained from a eat, Presumably they or some of

hem were serraticepe.  However, two experiments after Simend's plan made in this laboratory with the
object of ascertaining if this particular species could act as a earrier of plague from rat to rat yielded
negative results,

In the three instances in which plague bacilli were found by us in leas from plague stricken rats
the species of Rea concerned was always Puler pallidee. Wo nre not in a position fo state whether or
not the bacilli occnr in other species of Aeas, since we made no systematie observations to determine this
point. The cireumstance that they were found in pallidus, combined with the fact that this specics was so
abundantly present upon the rats during the epizoitic, brings this flea also under suspicion as a possible
transmitter of plague. Although, as already stated, it was saseerinined to bile man when hungry, no
re ntatives of the species were found amongst the carefully-searched collection of fAeas from human
beings. This collection was indeed made after the disappearance of plague from this cily—at a perind
when the rats themselves were almost entirely free from fleas, and so is ecarcely adequate to conelusively
determine the occurrence or non.occurrence of pallidus on man in relation to the question under review.
We have been unablo to perform any transmission experiments wilh Prles pallidue.  As already stated,
the supply of them unexpectedly ran short just at ihe time when the pressure of work oecasioned by the
epidemic began to relax sufficiently to enable us lo underiake experimental researchos. Under the
circumatances this flea remains for us merely an object of suspicion io be further investigated if the
opportunity prosents itsclf.

With respect o the two remaining species— Typhlopsylla vinsenli and Pulez faceialus—thero is
nothing to add to what has been said above. For the reason already given, we have not been able to
eollect them in sufficient numbers for experiment.

The two experiments with Pulex servaticeps mentioned above, as well as the two others recorded

in the previous report {1900, pe 57), all failed to eeeure the tramsmision of plague from infected 1o
healthy rats by means of living fleas. The method we miv{:tcd was as follows:—A rat was placed in
each of two small wire coges, which were in turn enclosed, with about 4 inches of space between them,
within a galvanized iron g:. One of the two rats was inoculated subcutaneously with bacilli pestis,
and in the course of a day or o, when the animal became sick, a number of fleas was placed upon it.
Always the inoculated rat died in the usual time, presented the ususl post-morfem appearances, and
war proved to bave died of plague by the usual bacteriological procedures. But always also the
companion uninoculated rat remained free from plague. In two instances this survival was shown not
to be due to immunity since the rats concerned subsequently suecambed to inoculation with bacilli
tis. In the other two instances the companion rats died in one and three days after iheir respective
moculated associates, but their deaths were not due fo plague, The posl-meriem APPeATInoes Were
not those of plague, nor were baeilli pesfiz seen in emear preparations or obtained in culiures from
the blood and viscera. Tn one of them the blood was teeming with Trupanosoma, but beyond this there
were no definite indications of the eause of death in either cope. It has been our cxperience l.:'l:l:l.l ]ﬂ'iE
GO—K particular
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aetieular epecies of rat (Mue deeumanus) made use of does not generally survive long in eaptivity.
s, althoush two of the rata died in o suggestive mannor, it could not be aseertained Eﬂi they died

from plagne.

200, The method just described was initially adopted as approximating to that by which Simond
ohtained suecess ; but a close serutiny of details reveals it as one very apt to miscarry. For example, in the
two gxperiments more reseutly performed, the inoculated rats received respectively ten and six spocimens
af PuJe_r servaticeps obtained from a dog. Theso fleas promptly disappeared in the fur of the rats, and
there our copnisance of them eoded. For after death the carcase of the first rat furnished no and
that of the second gave us two specimens of Prler faseiefus.  Both earcases had been left untouched for
twenty-four honrs after death. The earcases of the companion rats being duly searched immediately
after their deaths in tweniy-four hours and theon days respectively after their inoculated associates,

wlded, the one a single apecimen of Pulex serraticeps, and the other, no floas at ali. In the cages we

three specimens of Puler palfidus.  After the ﬂ]iarimr:nl. then we collected 6 fleas, 2 faceinfus,

1 serraticeps, and 2 pallides—none of which harboured bazilli pestiz ; for smear preparations and eultures
from them were all nezative, It may be that the single serraficeps was one of the sixteen previousl
placed on the inoeulated rats, but this is not eertain, and in any easo the fate of the other fifteen is m{
accounted for. It iz evident that the method afforded no guarantee that the fleas used actually passed
from rat to rat. Some further observations were made by a more hopeful proeess, kind.f}:luuggmtai to
me by Dr. J. 8. C. Elkington as having been successfully applied in India by himself and O Etain Liston,
IL.MS5. In this ithe flens were retained in test tubes, covered with muslin or chiffon, throngh wheh ¢
conld bite but not escape, On three oseasions fleas wero allowed in this way to bite gninea-pi i
after inoculation with plague eultures, and, subsequently, to bite other healthy guinea-piga. g:f:'i.'hm
inoculated guinca-pigs cﬁprl in the usual time, and presented the usual post-morfem a nees of .y
their viscera vielding bacilli pesfiz in abundance. The fire nssociat inea-pigs also died in periods
varving from two to sight davs after being bitten by the fleas, but it could not be demonstrated that their
fdeaths were due to plague. In only one instance were the porf-morfem appearances sugpestive of this
disease, and from this case a baciilns was isolated, which had, at first sight, considerable resemblancs to
bacillus peefiz, but by subsequent investigation waz proved not to be that micro-organism. In thres of
the other animals micrococei only were isolated, and in the remaining one the smear preparations and
euliures were all negative, It hasz to be noted that eultures of blood, taken from the inoculated animals
at the time they were bitten by the fleas, vielded bacilli pestis in only one of the thres, so that there was
room for faillore in the other two cases,  The significant fact of the death of theso five animals is not, to
my mind, adequately accounted for by the results obiained, and [ purpose entering in the near future
apon some further experiments with this method. In the meantime, I infer that, although the results
obtained by us with respect to the experimental transmission of plague by fleas have as yet been namlira,
they are properly to be regarded only as inconclusive.

201 Making due allowance for the considerations just presented it will be apparent that whilst the
ohsurvations made in this laboratory do not furnish convincing proof of the participation of a flea in the
dissgmination of plague, they are nevertheless all consistent with that hypothesis, We have found that
rats coming under our notice during the prevalence of plague harboured more fleas than did thosa
examined after 1o subsidence of the epizoitic. The fleas collected from them represented Four
of which one—Paler serralicepe—is known to attack man, whilst two others—Puler pallidiz and Pules
Jageiafue—have been ascertained to be capable of doing so.  Bpecimens of one of these species—Puler
pallidug—bave been three times found to ;m.rl:uur plazue baeilli, which produced plague in animals, into
which they were inoculated, and were, thereforo, virwlent,  We have also (v. Report 1000, p. 56) found
plague bacilli in & phlyctenule, such as has been said to be produced by the bites of infected fleas.
Against these various items of positive evidence we have opposed only the results of the transmission
ciperiments which we may not yet consider of final import. . o

202, Tt may bere be mentioned that the rats were found to be richly infested with bugs. Thesse
were in various stages of development, but comparatively few of them were adults. Heference to the
authorities of the Australian Muosewm elicited ihe information that the species was Oimer lecluaris.

These parasites continued to ocenr on the rats after the subsidence of the epizodtie, and are now
apparently as numercus as ever. No experimental observations have yet been matﬂ with them,

203, A preliminary objection to the hypothesis that plague might be conveyed
to man by fleas which had previously hitten rats infected with the disease, has been
raised by Nuttall, and by Galli-Valerio; it is, that  rat-fleas” do not bite man.
The species of fleas thus referred to by those writers were Typhlopsylla museali and
P. fasciatus ; and these appear to be the species which most commonly infest rats,
in some parts of Lurope, at all events. The observations now reeorded by Dr.
Tidswell expose the crudity of this criticism. In the first place, as to the species of
fleas which infest rats, he found that, although he was able to colleet both
Lyphlopsylla muscnli and P. fasciatus (Baker), another species, namely, . pallidus,
was far commoner on the rats of the Australian coast-line. Here, it may be noted,
that Dr. Tidswell first indicated P. pallidus as a species commonly infesting rats, an
observation which was found to hold good of the rats at Bombay after he had
communieated it to correspondents in that city. But, further, the concluding
sentence of the abstract paper by MM. Raymond and Gauthier, which is inserted in
translation helow, furnishes some reason for supposing that the same species might
be fﬂ!.mtl on rats in some parts of Europe. And then, secondly, as regards the
capacity of the species colleeted to bite man, Dr. Tidswell tells us that both 2.
pallidus and P, faseiotns have done so mimnmd];yr at his hands ; it further appears
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that the condition which determined them to bite man was nothing more recondite
than hunger. MM. Raymond and Gauthier also found that P. fasciatus and P.
pallidus would bite man. It must, therefore, be considered that the preliminary
objection raised by Nuttall, and by Galli-Valerio, has been met; “rat-fleas” —to
use the loose phrase emploved by those writers for the last time—will bite man. It
is probable that P. Eﬂla‘.ﬁdu& and P. fosciofus do not infest man, and it may be
coneeded that they do not very eagerly feed on him; the rat, no doubt, is their
host of election, although it is plain that they have no repugnance to man. And it
:]ppenra to me that the phenomena of epidemie plague, as observed at Bydney, require

1at the intermediary between rat and man should be more usually restrained from
acting as such, than encouraged by its instinets to do so.  However that may h_l! {for
the reader will doubtless reflect that there are other conditions which may act in the
same direction of restraint, though by other means) we have here one possible
reason why the vieinity of plague-rats is more often harmless to man than it is a
cause of plague in him,

204. A further objection has been also raised by Nuttall; it was based on
the rapidity with which the bacilli of several discases, among which plague was not
included, lost their virulenee after entering the stomach of the flea; this was the
result of a long series of experiments performed by him, in which he caused fleas to
bite animals previously infected with anthrax, chicken-cholera, and some other
diseases. His argument, it will be observed, was from analogy ; it now seems to
have been met by direct observation. In the first place, MM. Raymond and
Gauthier, working at Marseilles, performed many experiments in the transmission
of plague from animal to animal, by means of fleas, during the latter half of 1902,
and, in December of that year, published the following note, which, on account of
its great interest, I take the liberty of translating below :—

*Wa have ugdertaken some rescarches with a view to test Simond's theory of the share fak:n by
the parasites of thie rat in the spread of plaguoe.

*In five experiments we have ﬂuﬂ'eafmi in transmitting the plagnesepticamia of an inoeilateld
animal to a healthy animal by placing on the former fleas gathered on shore or ship-rats, and by afterwards
exposing the healthy animal to the bites of the insects which had been thus infected. y

. ¥ On the other hand, we did not succeed in effecting a similar transmission by means of the little
aeari which rais very often earry, nor by the simple cohabitation of healthy with infected _a.mlnniu.

“We then enguired whether the rat-flea would bite man: 14 insects out of 16 bit ot once when
they were placed on the human skin after having been kept fasting for twenty-four hours. A few fleas
survived for many weeks, having been fed cxelusively on man.

* Among the rat-fleas whieh bit man we were able to examine and determine §; of these 7 were
P, faseiatis, the kind most commonly found on rats, while the cighth was a kind of flea which bad no
comb, very like 2. irvitass, but smaller and paler."®

At a later date the authors published their paper in exlenso.f TFrom the
latter it appears that they placed an infected rat in one compartment of a wire cage,
and supplied fleas, collected from ship and from shore rats, to it shortly before its death.
They then introduced a clean rat into the other compartment, which was separated
from the first by an interval ted by a double grating, which was fine enongh
to prevent the passage of anything slightly larger than a flea, the interval between
the two gratings having been about 2 em. The whole was enclosed in a ventilated
glass vessel, specially constructed so as to allow of access to the interior at the same
time that the were securely confined to it. It has been shown, again and again,
that plague is not communicated from animal to animal when the healthy are put
into cages which contain the body of a rat dead of plague, or when the healthy are
placed in eages in which plague-rats have died, so that it may be taken that unless
the discase was wnwye]ii by the fleas, the Lealthy rats would have remained
uninfected ; but although, in addition, the compartments were so separated that the
elean rat could not have reached the body of its previously-deceased companion, the
result of these experiments was, it will be noticed, inferential as regards the mode
in which the elean rat received its infection. This objection, which had been raised
azainst the suecessful, though meagre, experiments devised and reported originally
by Simond, which were arranged somewhat similarly, has been obviated in the met.llml
followed by Dr. J. 8. C. Elkington, at Bombay,! working under Haffkine in the
Plague Research Laboratory. The infected and the clean animals were never Mtilllln

red

* Camples Rendues de la Sosiété de Biologie, L1v, p. 1,887, December, 1803,
+ Rerue o Hygidne, xxv, po 426, ¢, 1002,
T Awstrelamen Wedical d:;'.tﬂ‘-". xxil, po HE,
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reach of each other. All communication between them, both direct and indirect,
was prevented, except that which was the subject of investigation. The fleas were
under control, and were ;ﬂaﬂm], firast om the i]lf-t"t:t-ﬂﬂ, them on the elean animal.
The clean animals are reported to have died of plague, which ean only have been
communicated to them by the fleas,

205. We have now reached the end of- this study of epidemic plague. Tlie
conclusions to which it points differ fundamentally from those which are supported
in the most recent writings on the aetiology of this disease, No attempt has been
made to explain the discrepancies thus bronght to light. I have deseribed what we
have seen, It is possible that different eircumstances, obtaining in other parts of
the world, may account for them in some minor respeets ; such are the comparative
magnitude of epidemics, and their longer continuance elsewhere often witnessed.
But as regards more general and (aetiologically) more important features, it is diffieult
to show that they have been modified by circumstances; unless, indeed, the larger
proportion of persons dying at home (who, therefore, had bacilli in the pl}rgjhl.‘:m]
circulation while they were still exposed to the bites of parasites) may have had some
influence. On the other hand, the opportunity of making accurate epidemiological
observations has often been denied elsewhere by the character and density of the
populations among which epidemies have, for the most part, hitherto ocenrred. For
this reason I am inelined to lay stress on our records; and when, after experience of
two separate outbreaks, I am able to say that, with us, the disease was in no degree
assisted to assume the epidemic form by diveet or indireet communication with the
sick, and that place-infection, in the Indian sense, did not exist, it becomes probable
that the leading part invariably assigned to these factors by writers who have either
worked under the unfavourable conditions adverted to, or who have had no practical
experience with epidemie plague, as the case may be, requires revision.

200. As for ourselves, we were manifestly compelled to search elsewhere for
a competent canse of the epidemics we had witnessed. We first looked for a source
of the infection ; we were able to find it, and even to surmise its presence, only in
the bodics of diseased rats. We then examined into the distribution of cases in
relation to the distribution of piague-rats, and we found that there was a singularly
close correspondence between the two, both in time and in place. We noticed, again
and again, the establishment of new centres of infection at distant and widely
separated points, to which fodder had been transported from a line of wharves already
known to be infested with plague-rats; and we remarked precedence of the disease
in rats over its oceurrence in man at those localised centres. But we also observed
that on attempting to ascertain a more direet and closer connection between
individual eases of plague and presence of plague-rats on the premises which yielded
them, we succeeded only rather more often than we failed ; although we learned at
the same time that the considerable proportion of failures was merely incidental, in
all probability, to the search conditions.

207. Nevertheless we met with many individual eases which seemed to throw
great doubt on the efficiency of plague-rats as the caunse of epidemie plague. We
perceived that althongh neighbourhood of the latter seemed to be necessary to
infection of man, contact with them was certainly not necessary; and, which is even
more striking, we learned on irrefragible evidence that presence of plague-rats in a
building was very often not accompanied Ly plague in any of the persons who
inhabited it. Further, we found that when the presence of plague (or of dead) rats
was accompanied by plague in man, by far the most commonly one person alone out
of several composing the household was attacked. On the other hand, we often
saw several cases arise at the same time among parties of people between whom the
sole bond was daily resort to the same places of employment ; and while those places
of employment were ascertained to have harboured plague-rats, or at all events rats
which had died of some epizodtic disease at a time when plague was known to be
prevalent among their congeners in the immediate neighbourhood, it was also
ascertained that the infeeted individuals among those who composed the several
groups had, each of them, their dwellings in different houses, situated in widely
separated neighbourhoods: which dwellings and neighbourhoods furnished no
evidence of presence of the infection.

208, These observations, correct as they had been shown to be by repetition,
were puzzling in as far as apparent absenee of the only recognisable source of the
infeetion did not betoken safety from plague, and in as far asits ascertained presence

y was
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was far from being invariably, or even commonly, attended with plague. In this
doubt the pathology of the disease came to be reconsidered, in hope that it might
furnish some hint pointing to a rational explanation of these apparent eontradictions.
We recognised the obvious possibility, litile likely to be detected by common
observation if it were realised, that food might be soiled by passing plague-rats,
arrived, perhaps, from premises which they infested, at premises which showed no
signs of infestation, but yet yielded eases of plague in man. But this hvpothesis it
was necessary to dismiss, because there is practically no pathological evidenee that
man is infected by feeding. If he can be thus infected, it is certain that he is so
very rarely indeed; and in that way epidemic plague cannot be explained.
On the other band, the llnﬂmlu_-_:ii::ﬂ evidence that man is usually infeeted
by inoculation is abundant, uniform, and direct. We conzidered, then,
whether man might commonly beeome infected by casual eontact with virus
deposited by plague-rats; for we know that it ean be thus deposited, and is
likely to be dropped in situations where it may afterwards come into contact
with his skin. Thereupon we reflected that a function of the epithelium is
to prevent the entrance of infections to the body by way of the skin, and pereeived
that if this mode is to take effect it can do so only when deposited infection is
brought into apposition with a broken epithelium. This, it may I|Ju assumed, some-
times has happenced ; but what is being sought is not an exceptional mode of
infection, but one which takes effect so commonly that it may be accepied as a
cause of epidemic plague. When, therefore, the very short time is remembered
during which such small wounds remain open as alone are in question (because the
finding of wounds which might have served as points of entry for the virus in cases
of bubonie plague was, in our experience, quite unusual) ; when the comparatively
short, though much longer time, during whieh the virus survives in potentially active
form, even under the carefully guarded conditions of a laboratory experiment is
considered—a time which probably must be abridged under the conditions of daily
life; and when it is noticed how small must be the parts of the ground-surfaces,
&e., which can be thus infected, and, eonsequently, how great are the chances
against the minute wound being brought into eontact with them within the requisite
times, it becomes apparent that the casual inoculation of man in that way is very
unlikely to happen often enough to account for epidemies of plague. It is evident
that the mﬂﬂnslby which he is inoculated must operate more directly and certainly
than that. The riddle being still unread, we turned again to our epidemiological
notes, and re-examined them. We found, without any difficulty, at least twelve out
of the 139 cases in which inoculation could not have resulted from casual contact
with deposited infection. They showed that in all probability it must have been
elffected by some agent, to which neither an unbroken epithelinm nor protective
clothes offered any important obstacle. But obstacles to ehance inoculation both of
them certainly are. We were unavoidably compelled, therefore, to contemplate an
agent of inoculation possessed of means of evading or of overcoming them. In order
to evade protective clothes this agent must be endowed with locomotive powers,
and it must be capable of penctrating the epithelium without causing either
noticeable pain or a visible wound. It is perceived, of course, that the flea best
answers to these requirements.

299. As soon as this has been recognised, it also appears that the original
hypothesis of the flea, taken in conjunction with recent observations on the habits
of this insect, is exactly what is required to reconcile the apparent contradictions
described above; to explain, not merely the erratic incidence of plague, but also the
absence of any great probability of the infection being received by man from plague-
rats when they are present on inhabited or frequented premises. For we know
that the flea which most commonly infests the human race is of one species,
while the fleas which infest other sorts of animals are different from it and (as
regards several spocies) from each other; whenee it seems evident, a priori, Ll_mt
species so usually associated with this or that sort of animal as to be found with
certainty upon it when they are searched for, probably have a predilection for their
Eﬂﬁulinr losts.  On putting this probability to the test of experience, it is found to

e so far well-founded that the species of fleas which infest rats seem, on the one
hand, not to infest man, but, oa the other, to have no repugnance to him.
They will feed freely upon his blood if they be hungry. Hence it is plain that there
are at least two chances against man's being bitten by any of the species which

infest rats. One is that fleas which have left a plague-rat may never come withliu
reach
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reach of man though on the same premises with him; the other is that, if they
reach him, they may do so at a time when they are not so urged by hunger as to
bite an unaccustomed host.  These ehances amply suffice to account for the frequency
with which all the persons who inhabit premises which are known to have been
visited by plague-rats escape, as well as for the rarity with which more than one
person is attacked among o household which consists of many, all of whom are
susceptible, and all of whom appear—hut only appear—to have been equally ex posed
to danger,

300. Thus, I have been led to conclude that S8imond’s hypothesis of the flea
best explains the phenomena of epidemic plague as seen at Sydney ; not, be it noted,
by considerations based on his original assertion that plague could be communicated
from animal to animal by fleas, but @ posteriori—that is to say, by observation of the
field-facts, as they may be called, and by inference from the records made day by
day after they had been collated and duly weighed. And lere I would point out a
matter which has been overlooked by those who have unreservedly accepted the
hypothesis of the flea before it hiad been sufficiently tested either in fhe field or in
the laboratory. It is that, after it had been shown that plague could be transmitted
by these parasites, the proof that epidemic plague was thus caused would still
remain to be sought, and could be furnished only by an epidemiological study of
the field-facts. It is towards this that I am now able, I submit, to offer a
contribution.  All that is required to support the conclusion drawn is the
laboratory proof that this mode of diffusion of the infection is possible,  And this,
also, seems now to have been given, not merely by MM. Raymond and Gauthier at
Marseilles, but also by Dr. Elkington at Bombay, whose observations are confirma-
tory of Simond’s original experiments made in India as much as five years ago.
There are points which still remain to be elucidated. TFor instance, the facts, s
they appear to me, scem to require that the flea should be able still to com-
municate the virus many hours, and even some days, after it has received it; but,
however that may be, this and other such details ean be investigated only in the
laboratory, and ean be determined only by direct experiment. In the meantime I
venture to express a hope that the field of epidemic plague, which has hitherto been
given over almost entirely to the bacteriologist, and to those who have relied on
inferences drawn from his carefully-guarded experiments, may soon begin to be
laboured by the professed epidemiologist, whose peculiar function it is to discover
and exhibit the phenomena of communicable discascs as they are manifested under
the variable conditions of daily life.

J. ASHHBURTON TIIOMPSON.

ATTENDIX.
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Appendix.
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