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information obtained from the ‘above-mentioned sources, I am satisfied that in these
localities hardly any cases can have occurred of throat illness that have not come to
my knowledge. Sﬂl‘fﬂ.inl}', the total of unknown eases (including a few where
information has been purposely withheld by householders) can bear no such proportion
of the known cases as in any degree to invalidate the conclusions of this Report.
Particular inquiry has been magcs into the facts of 264 cases in 118 households, among
which cases there have been 38 deaths. ;
The outbreak, in which middle-class families have necessarily suffered most (seeing
that the district contains few but middle-class houses), has been limited in two ways,—

1. As regards area.
2. As regards time.

The two limitations have to be considered to some extent together.

Deseribing a eircle of half a mile radius with its centre in the Abbey Road at the
junction of Hampstend and Marylebone parishes (viz., at the corner of Springfield

oad) an area is included having a population of some 15,000 persons living in
2700 houses. I shall speak of this area as the * inmer circle;"” it was in this that
the maximum incidence of the disease was experienced. Deseribing from the same
centre a larger cirele of one mile radius, a further avea is included beyond the limits
of the inner circle, having a population that cannot be exactly estimated, but which
eannot be lesa than that of the inner eircle itself. This I shall call the ** outer ring."”
The inner circle scarcely extends at any point beyond the boundaries of the Ham
and Marylebone parishes, but the outer ring mrnpris!aa, besides parts of these parishes,
portions of Willesden and Paddington sanitary distriets.

Now within the inner circle there have oceurred during the epidemic 230 cases of
throat illness in 98 households, and in the outer ring a further 34 cases in 20 households
during the same period, making the total before given. It will be seen that the
incidence was very intensely upon the restricted area of the inner circle ; the incidence
on the outer ring h:m‘ng, owever, been in exeess over the incidence of the disease
throughout the metropolis generally. Table 1I. shows the new attacks week by week
within the inner circle and the outer ring respectively, from the beginning of March to
mid June.
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The table gives the incidence of throat illness week by week throughout the whole
epidemic period from early March to mid June; and it will be seen that out of a total
n? 118 invaded households no less than 785 got their first attacks during the four weeks
ending May 25. The special incidence on these four weeks was even more marked in
the case of the inner cirele, where during that period no less than 70 households were
newly invaded out of the 98 that were attacked during the epidemic. Nor was this
all, for 1t will be observed that during the third week of May the newly invaded house-
holds hounded up to the very large number of 46 (41 of them in the inner circle)




agninst 7 in the preceding week. The fall was almost as sudden, namely, to 15 and
B in the two uumadﬁg weeks, and thenceforth the outbreak, as such, abruptly
terminated without to ang' perceptible degree extending into the outer ring, or to the
metropolis generally. Obwviously in this history of the prevalence of throat illness there
is gquestion of some factor strongly eircumseribed in area and operative during a very
limited time.

The investigation of the eanse of the outbreak will primarily eonsist in the identifica-
tion, if possible, of this factor. From former inguiries into the prevalence of diphtheria,
no such knowledge of the etiology of the disease has been gained as could enable the
present investigation to proceed deductively by search after conditions known to he
capable of pro ucing the observed result. itherto, 8o far as T am aware, no conclusive
evidence has been adduced of diphtheria being disseminated by the ageney of water

‘or of milk, nor has it been satisfactorily connected with sewer air or other foul emana-

tions. All that previous research has justified us in affirming is that the disease has
a po of from person to person, and has also a f.t:u:ult.ﬁ of development out
&- an an t ence of throat illness, the diphtheritic character of which may
not, until a certain stage of the prevalence has been reached, be affirmed. Any dedue-
tive application of this maﬂgm owledge cannot be expected to lead us far. In the
Egb_ént. inquiry, I have earefully searched for antecedent throat illness, whether or not

iy itie, in other people, to which the firat sick person in the sevoral households
nfected may by posmbility have been exposed; indeed for exposure of these first
giek to any common onal comdition. There were very few instances
in which the first person attae in a house had been knowingly in any relation
whatever with another person having any sort of throat illness, and these few instances
need not be taken into account. Of unsuspeeted perzsonal relations with previous cases,

‘the only kind that ?ppeared to deserve comsideration was the possible operation of
nvesti

school attendance. gation into this and the above point led to the following
results in 111 households thus dealt with :—

- In 77, or 693 per cent. the first sufferer had neither had communication with any
case of antecedent throat illness, nor had such person attended school within a period of
one week before date of attack. In 24, or 21-6 per cent., the first sufferer had attended
sehool within the period referred to. In &, or 74 per cent., there had been opportunity
more or less complete for the first sufferer aequiring infection from a pre-existing case,
In2 orl8 cent., the first sufferer had opportunity of both sorts for acquirin
infection. ,E; question, then, of direct infection from person to persom, of a kin
to account for the onutbreak under review, may at once be set aside.

- Passing on to other conditions, which, if not known to be capable of spreading
diphtheria, are at least known to be generally unwholesome conditions, or to have been
comeerned in the spread of other diseases, the chance of some water contamination
may be first considered; but it may be very summarily dismissed. The invaded
honses, like the rest of the area, were almost exclusively supplied by the West Middlesex
Company, the water of which iz as good, perhaps, as any in London, and was supplied
at the same period to extensive surronnding districts in which there was little, if any,
diphtheria. No guestion arose of contamination in the local services of affected houses,
and it may be affirmed that in comparatively few of the houses (the infeeted not

iffering from the non-infected in this respect) was there opportunity of pollution of
water after its delivery from the main.

As to other unwholesome conditions in and about dwellings, with one exception
they may all be set aside as either not existing, or not existing in any peculiar degree
or with any special character, in the district attacked when this was compared with
districts that escaped. Rarely have persons admitted the existence on their own
premises of any sort of nuisance. Some few have complained of collections of refuse
on waste land in preparation for building, or of collections of foul water in ponds in
similar situations in their neighbourhood. In addition complaint has been made in a
few instances of foul-smelling stables and cowsheds near to dwelli Complaint as
to waste-land nuisances has come from that part of Kilburn and South Hampstead
immediately north of the London and North-western Railway, and doubtless there has
been ground for objection to nuisance of such gort. But assuming that such nuisance
has been of very intense character, and that it has had moreover capacity for inducing
throat illness, it is difficult to explain the facts of the outbreak on the hypothesis that
it has been operative, Dwellings in the immediate neighbourhood of these waste lands
K 1. WiB 18l A2
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can hardly be said to have suffered disproportionally to dwellings far removed from the
nuisance complained of.

The one exception above made relates to sewers and drains of the infected area.
Herein there were found conditions of defect of o nature liable to do injury to health,
and very much localised in the particular area of the epidemic. The lstory is as
follows :—

At the western extremity of Alexandra Road, St. John's Wood, two main sewers,
6 ft. x 5 ft. 6 ins. and 6 ft. x 5 ft. respectively, coalesce to form a single cireular
pewer, which for a course of 450 ft. has an average diameter of 4 ft. 6 ins.; afterwards
this sewer expands to 7 ft. diameter. Of the two sewers thus undergoing constriction
at their outlet, one drains a comparatively limited area to the northward—Kilburn Vale
and neighbourhood ; the other receives from the north and east contribu sewers

from about one half the area of Hampstead parish, east of the Finchley , and in
addition receives from the southward the Abbey Road sewer draining a large portion
of St. John's Wood. The special sewage area thus constituted ds in its

inhabited parts pretty closely to the area defined by the inner cirele. Except small
rtionz on the east and west confines, this sewage area occupies the whole of that
circle, and though extending northwards into the outer ring, it has not in that region
any considerable population. Altogether, of the 2,700 dwellings in the inner circle,
this special sewage area comprises, some 2,000, The sewers of this area are gen
ill-ventilated. Openings at the street level are rare; such ventilation as is obtai
being by means of street gullies, nominally but inefficiently trapped. There is no
gystematic flushing of these sewers. As regards private drainage, trappi of
iain inlets within houses has commonly been relied on for securing Eﬁﬁngg
against entrance of sewer air, adequate ventilation of homse drains having been
generally negleeted. Of course there are exceptions (and among them not a few in
hongeholds invaded by throatillness) where, in conjunction with trapping, care has been
exercised in duly ventilating the house drainage. lBul;-i:n‘.]u::h often the ventilation ado
has been restricted to a single ventilating orifice; and as regards trapping, kitchen and
housemaid’s sinks have frequently been merely provided with bell-traps. In addition
wastepipes from eisterns and baths have been found in several instances to com-
municate directly with drains. In short, dwellings in this area, as in London 4
must be held to be commonly, under circumstances of unusual pressure within
ill-ventilated sewers, very inefficiently protected against entrance into them of sewer air.
Under conditions of public sewerage and private drainage of the above sorts, the
special area cannot have failed to have been repeatedly, if not continually, exposed to
sewer and drain nuisances; for the liability of the main sewers to strangulation at their
outfall under exceptional rainfall must have frequently conduced to extensive backing
up of sewage and penning up of foul air within the ill-ventilated sewers, and hence to
forcible expulsion of the pent-up sewer air by the way of unventilated house drains and
inefficiently trapped orifices into the dwellings of the district. As a faet strangulation
in the above sense, and of a serious sort, of these particular sewers at their outfall
oeeurred as a result of the notable rainfall of Il'.:lhﬁl and 1lth April last. On this
occasion the surveyor of Hampstead Vestry has shown that the chief of the sewers
referred to (that draining St. John’s Wood and South Hampstead) usurped altogether
the circular outfall sewer, retarding the flow from and even producing a back current
in its companion sewer from the Kilburn Vale district, which subsequently was found
partially silted up for a considerable distance. The most conspieuous result on this
oceasion seems to have been serious flooding of the basements of low-lying houses near
Kilburn Station ; and, in addition, rupture of a pipe sewer at a higher level in Prio
Road occurred with further flooding of basements in that neighbourhood ; but there 1s
good ground for believing that mere flooding did not represent the whole mischief thus
caused. Blocking of the main sewer outlet for this district to the extent indicated by
the flooding must have caused immense pressure over a large area within the sewers,
and sewer air can hardly bhave failed to have been driven out into dwellings over a
large portion, if not over the whole, of the area served by these sewers. That somethin
of this sory did take place there is abundant evidence, though such result did not
nerally attract notice. Clearly, if sewer air be by itself capable of causing throat
illness, persons resident in the ﬁpecﬁnl sewage area must, as a result of the obstruction
at the sewer outfall on 11th Apnl, have been exposed beyond all persons resident in
the distriet under consideration to special risk of attack by the disease.
The incidence of throat illness on the special sewage ares, on the remainder of the
inner circle, and on the outer ring is given in Table - i
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intense as on the remainder of the inner ecircle (see Table IIL), and a difficulty in
acoepting this nation of the outbreak arises from the five weeks' interval between
the oeccasion of the obstroetion to the sewers and the outburst of throat illness, such
interval being not easily reconciled with what is known of the incubation period of
diphtheria. But still it may well be that the few days’ incubation period commonly
observed in cases of diphtheria due to direct infection by antecedent diphtheria is no
measure of the period necessary for the development of this disense from a remoter
first cause. It 1s conceivable in fact that, notwithstanding the interval observed, the
relation suspected may have been real; indeed, unless other and completer explanation
be forthecoming, it could not be disputed that the sudden obstruction of the sewers
which has Dbeen described may in some obscure way have had to do with the
subsequent great development of throat illness.

Looking at the history of the outbreak thus far then, it is not to be wondered at
that popular opinion has ascribed it to the sewer defects of the district, and especially
to the palpable sewer nuisances of April 11. And I do not pretend to deny that these
conditions may have had some coneern in the outbreak, though it will appear, when
the whole story is told, that if they have held any place in its causation, they have
held but a secondary and subordinate place.

The epidemie has now to be considered in its relation with milk supply. Milk came
under suspicion during the great outburst of throat illness in May, Dr. Morton then
observing that a very large proportion of the cases occurring in his practice were
served with milk by one or other of two tradesmen, both of whom, he ascertained,
obtained their milk supply from the same wholesale dealer. It will be seen in the
sequel how far this surmise has proved to be well founded. But it may be well here
to state explicitly that at the beginning of the inquiry I looked on the relation of the
throat illness to milk supply as improbable. We have heretofore bad no conclusive
evidence of diphtheria disseminated along with milk, as in the case of enterie or scarlet
fever, and it seemed to me essential that, before accepting a milk explanation of the
outbreak, all other clues as to causation should be exhausted. So that, while detailed
investigation of the milk cirenmstances of the district was being carried on pari passu
with other inquiries, it was not until an advanced stage of the inguiry (in fact nok
until the sewer evidence had been acoumulated) that additional and strongly cor-
roborative evidence on the milk question was attained. Under the circumstances I
do not propose to indicate the various stages of inguiry, but instead to give as bri
as may be the story of the milk and the evidence res]pmm% it ultimately obtamned.

Of the numerous sources whence the milk supply of the area of the outbreak has
been derived, two wholesale milk businesses only require particular conmsideration.
Both of them are in the hands of one proprietor, whom I will eall Mr. X, and they
are situated, the one, cowsheds (to be referred to as X'), at Kilburn; and the other,
a dairy farm (to be referred to as X*), at Muswell Hill. Although owned by the same
person, these two milk businesses are, as regards employés, general administration, and
milk-service, wholly distinet one from the other. = As-regards cows only, and to gome
extent cow food, have they, so far as I have been able to ascertain, any community of
circumstance. Fresh cows are obtained in each instance from the same breeder in
the country, and cows are, when oceagion requires, subject to transference from one
business to the other. Cow food, such as grains and meal, is obtained in each instance
from the same sources, and hay is partly supplied
to both places from the farm itself. At the
period of the ﬂ'l.lﬂ}il'ﬂﬂk, K‘,Sﬂt.hnl;; Eilhgl;:]'lil ﬂﬂ‘I:E
gheds, afforded daily some arn ons ;
milk. Of this amount, 47 and 24 barn gallons, B
a constant quantity in each instance, were su AL il P K
plied respectively to Mr. A of Kilburn and Mr. gallons). gallons).
of St. Johm's Wood, and them distributed BrM-4 = - e o i i 2
mainly within the inner cirele. Mr. A derived n;"uenum} % i

Seupae of Mre X' Mice Dnstuinorios,

his whole sn ply and My, B part only of his "
gupply from this source. The remainder of the n e
t.ut.aq yield of X', a l]um:tit varying day by day, but
averaging about mine gallons daily, was supplied  The fgures refer to barn gallons daily.
to :mEl distributed by eight other retail -£.lm e e e o':ﬁ N
(Messrs. ¢, d, ¢, §e., the small letters signifying their £ i
small concern in the affair), in Kilburn two, in Pl el
Portland Town five, and near Dorset Square one. others part ouly of their supply.
X& the dairy farm at Muswell Hill, afforded daily
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(e) New Fnd, Hampstead, the area of distribution by Mr. Q of 13 barn glﬂlou
of Mr. X's Muswell Hill milk.—In this neighbourhood, a highly populous one, I have
not, in view of the other evidence, done more than ascertain that the only households
{two) fatally invaded in March obtained, both of them, milk from Mr. Q.

The very similar incidence of throat illness on customers of retailers dealing in
Mr. X's Muswell Hill milk, observed in places so distant from each other as the above,
and separated, some of them, by tracts of inhabited districts in which no diphtheria was
heard of, affords, I am disposed to think, strong corroborative evidence of the con-
clusion drawn from study of throat illness associated with the milk services of
Messrs. M and N, viz., that the milk supplied to retailers by Mr. X from- his Mus-
well Hill business, was in March and April an essential factor in the eausation of
the disease. Now it has been already shown that milk supplied to retailers (Messrs. A,
B, ¢, i, e, §¢.) by Mr. X from his Kilburn business, was in May and June similarly,
though much more seriously, effective in producing throat illness. Hence it d
seem that there has been at Mr. X's Muswell Hill business an influence causative of
milk infection beginning to be operative in March, and ecasing to be so in April;
while there has been at his Kilburn business an influence potent for the same result,
um;gh more intense in its effects, commencing in April and ceasing to be operative
in June.

Such is the story of the outbreak, and its main facts may be summed up thus:
(1.) Mr. X's milk, whether from Muswell Hill or from Kilburn, and in whatever locali
distributed, has conveyed to customers of retailers distributing it throat illness. (2.)
regard of each business (Muswell Hill or Kilburn) the above relation of milk serviee
to throat illness was observed for a limited period only, that period beginning for one
business only about the time that it ceased for the other.

As to means whereby the milk became infected,

In view of the evidence above given it became of course my duty to institute
investigation of the way or ways in which the milk, whether at Muswell Hill or at
Kilburn, could have become specifically contaminated. Herein, in regard of methods
by which milk has been known or has been suspected to have been infected, exact
inquiry, from obscurity of the subject, has necessarily been limited. Its results may be
dealt with as follows :—

1. Infection after milking.—Infective matters contained in water, in refuse on the
premises, or in air, need to be considered.

{a.) As to water and other agents whemhj dangmnua eontamination of milk ut.gngi]g,
and consequently of milk itself, may have been effected. —The water in use for dai
purposes at Muswell ITill is procured from the well affording the domestic Bugﬂy of
the farmhouse; that in similar use at Kilburn is from the supply of the Weat Mi
Water Company. The well at the Muswell Hill farm cannot, it is true, be pronounced
absolutely secure from foul soakage, and it is therefore possible that water from it,
though in constant use by the family at the farm without ill-result, may, in combination
with the milk, have been capable of developing infective proporty in that fluid. But
as regards the water at the Kilburn business the ease iz altogether different. As
alveady stated, it is West Middlesex water, and as to its good quality on delivery by
the company there is no question ; while as to possible danger to the water as stored
on the Kilburn premises no question need arise. For, of the 10 retailers obtaining
milk from the Kilburn business, Messrs. A, B, and another tradesman fetched their
milk in their own churng, which churns were in each instance habitually cleansed at
their own place of business. The seven other retailers (d, ¢, f, §e.) had their milk
delivered to them in Mr. X's own churns, which were invariably cleansed at the
Kilburn place of business. Now, Messrs. A and B had, as has seen, among
their customers a very large proportion of households invaded, while other retailers
supylied with milk from the same business, but in Mr. X's own churns, had amonﬁ-
their customers very few invaded households. Thus milk retailed by Messrs. A and
having & minimum chance (that arising from rinsing, before and after milking, of
pails into which cows were milked) of fau]in%ab].r the Kilburn dairy water, was asso-
ciated with a maximum of throat illness; while milk retailed h;" other dealers having
a maximum chance of such fouling was assoeiated with a mimmum of throat illpess,
There can be little doubt, then, that water may be set aside as inoperative.

As to other agents, such as soil, refuse, litter, &e., whereby, through carelessness of
milkers or others, the milk utensils might have been coarsely fouled, there is not much
to be said. Such matiers existed at both places (as indeed was inevitable in regard
of stall-fed cows); but no evidence was obtainable suggestive of human infection of
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matters of this sort; nor was there in the method (which I viewed) of dealing with
millk utensils any suggestion of common fouling by such matiers,

(b.) As to air along with which milk may have absorbed infections matter—This

uestion of air fouling could scarcely assume practical significance unless it eould be

that contamination of air at either place by specific infection of diphtheria
could have occurred. No evidence whatever was forthcoming of any such contamina-
tion at either place. At neither, it is most positively affirmed, has diphtheria or throat
illness of any sort occurred during the present year amomg families resident on the
premises, or among persons (or their families) employed among the cows or in the
dairy. Nor could human infectious disease (if it had existed) have readily been
transferred from servants at one place to servants at the other place. The two
buginesses are many miles apart, and no interchange of servants has, it is asserted,
occurred, the staff at each place being “'h“llﬂ' distinet from the staff at the other.
And further, at neither place has cream or butter, objects for which milk is ecom-
monly allowed to stand for many hours in a dairy, been included in the business;
‘milk and milk alone has been in question, and this, almost as soon as drawn from
the eow, has been habitually quickly despatched from the premises.

2. Infection during the of milking—Under these circumstances milk can only
have been humanly* infected at the hands or persons of milkers suffering from
diphtheria or allied throat illness. But ab neither place have milkers had (as afore-
‘gaad) any infectious illness. Again, for an explanation of this sort of the facts as

,mm'da place and time of the throat illness associated with the milk, there is required,

a single case that might have been overlooked, but a succession, first at one
place, then at the other, of infected persons during a considerable period of time;
and it seems incredible that human cases in number neeessary for such repeated and
gnstained infection of millt as seems to have oceurred could have existed to have left
‘behind them no trace of their oceurrence. One other conzideration remaing which

ireg reference under this heading. It is this. Founl matters, including cow excre-

IR i1k ot Ploor of Dildings.in which cows are bopt, night during the
recumbent position of cows have soiled Eh

e udder and teats, and hence have beem,
‘during the act of milking, transferred to the milk itself,—an accident much more
likely to oceur to stall-fed cows than to cows at pasture. As to danger (if any) to
milk from fouling in such sort by matters non-excremental in their nature, we have no
means of judging ; but in regard of cow excrement itself, the subject seems (from
wluﬁm?{uﬁumnt Herein thera may, under cirenmstances such as are referred to,
have been risk of specific fouling of milk by particular cows suffering, whether re-
cognised or not, from specific disease. The question thus arising (so far as I know, a
new one) is part of the larger question which follows.

To whatever extent, namely, the foregoing reasoning has been valid, it will have led,
a8 by a process of exclusion, to the surmise that actual cow conditions capable of
affecting directly or indirectly the milk, may have brought about the result observed.
Moreover, if value is to be attached to the sequence I before noted as to the date of
infectiveness of milk derived from the Muswell Hill and Kilburn businesses, such
community of condition as can be found between the Muswell Hill and Kilburn
businesses, and such sequence as may have thence arisen in the eireumstances of one
or the other business, is community of ownership, community of cow food, and eom-
mu.nitL:in a limited sense of cows themselves. Tt will be observed that the fact of the
two places of business having one owner, a prominent but apparently unimportant
feature up to this stage of the investigation, obtains in this view some probable signi-
ficance. For it has regulated the food of cows and the recepfion and reimoral of cows at
each place, and the fransference of cows from one place to the other; circumstances
which so far as they may have influenced the condition or health of cows at each

ace at any given time, might have an important bearing on the question of causation
of the throat illness. Accordingly inquiry has been made in the above directions, and
though the result will be negative, a brief statement of the evidence may be given.

l::ﬁ Cow food.—For both places “ middlings” (meal) grains and hay have been
obtained in each instance from the snme source. For each place green food and roots
have been obtained from different sources. At neither has raw sewage-grown grass
been used as cow food. As to the several foods which have been common to cows at
the two places, there is not in regard of any one of them evidence as to deleterious
effect on cows so fed. But it may be noted, as possibly having significance for other
inguirers, that the grains have in bulk been apt (as grains are apt) to undergo fer-

* Scarlatinal infection is believed to have been communicated to milk during the act of milking by persons
the skin of whose bands has been peeling during convaleseence from that discase.







