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Further Preliminary Reports on Flies as
Carriers of Infection :—

1. Memorandum on Lines of Investigation : by
Dr. Copeman.

2. Notes on Colouring Flies for Purposes of

Identification : by Mr. Jepson.

3. Preliminary Note on Examinations of Flies
for the Presence of Bacillus Coli: by Dr.
Graham-Smith.

4, Abstracts of Literature, and Bibliography : by
Prof. Nuttall and Mr. Jepson.

Arrnur NEWSHOLME,
Medical Officer,
17th September, 1909,

1. MemoraxDUM BY DR, COPEMAN ON INVESTIGATION INTO
PossiBLE CARRIAGE OF INFECTION BY FLIES., SUGGESTED
“ Prax oF CampaieN” 18 UrBax DisTrRICTS.

In order that the results of investigations carried out at different
places may be as strictly comparable as possible, it is desirable that
all observations should be conducted, so far as local circumstances
permit, on similar lines; for which reason, and with the object of
gecuring really comparable data, the following scheme is submitted.

Observation * Cenires” and Fly-collecting * Stations.”

First and foremost a number of separate * centres ™ must be
selected, around which, at varying distances, and at different points
of the compass, it will be necessary to establish stations at which
flies are to be collected.

As regards these collecting stations, which will in most cases con-
sigt of private houses, it 1s obviously necessary that the co-operation
of the occupiers of the premises must be obtained ; but experience
in Liondon and elsewhere has shown that no difficulty is hkely to
be experienced in this respect, honseholders, as a rule, being only
too glad to avail themselves of the benefit of having their rooms
fr&eg from flies, without expense to themselves,
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As “centres” it is desirable to select places where large
quantities of hounse refuse and other fermentable material, or stable
manure, is deposited or allowed to accumulate, such as munieipal
depits and job-masters’ premises, or places where offensive trade
processes arve carried on. In the event of large numbers of cows
being kept in confinement, a cow-shed might also be chosen as a
“ centre.’

At varying distances, preferably about 50, 100 and 150 yards
respectively, from each “centre ” fly “ stations ™ must be established.
These should be at least half a dozen in number around each
“centre,” and, where possible, located especially at points of the
compass from which anﬁ to which the prevailing wind blows.

As Dr. Hamer has pointed out in connection with investigations
that have been condueted in Liondon during the past two years,
all operations should be carried out with as much uniformity as
possible, for which reason endeavour should be made to secure, as
places of observation, kitchens or living-rooms occupied by poor
people. It is desirable, moreover, that the rooms in which fly-traps
of one or another kind® are to be placed should be on the ground
Hoor, fairly lighted, and preferably with a sunny aspect. Houses
should be selected which are neither specially clean nor specially
dirty. They should not have been * done up ™ within the previous
six months, It will, of course, be necessary to avoid selecting
houses in the neighbonrhood of which there may be local aceumu-
lations of house-refuiée or stable manure, or which are in the
vicinity of shops where articles of food are sold or premises where
refuse material of any kind capable of undergoing decomposition
is stored.

In general it will probably be advisable to leave the actual
selection of premises to the Sanitary Inspectors, to whom also (their
other duties permitting) may be entrusted the placing and removal
of fly-traps and the enumeration of the captured flies.

F.-!y-.". raps.

Both fly-papers, and traps of fine wire gauze, of rounded shape,
generally {mﬂwu as “ balloong,” should be used gide by side, whenever
possible.  The larger flieg, such as blue-bottles, are often capable of
escaping from fly-papers on which they may have seftled. For
these flies, however, the * balloons,” when properly baited, appear to
possess a special attraction, the more so after capture of the first
?eﬁ' gpecimens, who, by their buzzing, evidently attract their
ellows.

The fly-paper recommended (it being desirable for the sake of
uniformity that the same makes should be used in all cases), which
is known as “The Fly Cemetery,” is coated with a apeeiallﬁ
tenacious “ honey-gum.” The paper, after being unfolded, shoul
be hung vertically from the ceiling of the room or from a gas-
bracket in some situation which, while not dark, is not directly
exposed to sunlight. As a precautionary measure, in hot weather,
the lower edge of the paper should be folded up on the sticky side,

#® See below.
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in order to avoid possible dripping of the material with which the
paper is coated.

Bait for fly “balloons ” should consist of a few grains of the
coarsest brown sugar moistened with (but not dissolved in) a little
stale beer.

When desired, samples of the fly-papers and * balloons” recom-
mended will be sent to Medical Officers of Health on application

being made to the Medical Department of the Local Government
Board.

Collection and Enumeration of Flies.

At regular intervals of 24, 48, or at most 72 hours, the papers and
balloons are to be removed, fresh ones being substituted for them
before the collector leaves the house. To kill the flies eaught in the
“ balloons  the readiest method is to place the trap under a bell-
glass together with a pledget of cotton-wool, on which has been
sprinkled a few drops of chloroform. Or the trap may be dropped
bodily into a bucket of boiling water, in which case it will be
necessary afterwards to- turn out the dead flies on to a sheet of
blotting paper to dry, before attempt at counting them is made.

Before actual counting iz eommenced the flies should Le sorted
out, as far as possible, into different species, for which purpose the
illastrations and descriptions contained in the pamphlet recently
issued by the Medical ]Bepa.rtment will be found of service. The
numbers of each species in the particular *catch ™ should then at
once be entered in a book kept for the purpose.

From the numbers thus obtained curves will subsequently be
plotted, for comparison with curves representing incidence of deaths
from epidemic enteritis, and also from enteric fever, in the event of
this dizease having been prevalent.

Range of Flight.

Much need exists for accurate information as to the distance,
vertically as well as horizontally, to which flies can be traced from
their breeding places; or from some spot, for instance, at which
specially marked flies are intentionally liberated.

A paper by Mr. Jepson dealing with the marking of flies
is appended.

Bacteriology.

In large towns especially, where expert assistance is likely to be
available, observations on the bacteriology of flies, particularly of
those caught in the enteric fever wards of hospitals or on premises
imvaded by epidemic enteritis, will obviously be of importance.

“ Spot™ Maps.

Maps will require to be prepared on which are shown the exact
location of fly “centres” and observation “stations.” On these
same maps should be shown by means of dots the particular houses
invaded by epidemic enteritis or enteric fever, respectively.

14009 A2
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Meteorological Data.

These should include records of air and =oil temperature, of
rainfall, of direction and force of wind, and duration of bright
sunshine. Persistence of rainy weather has a marked influence in
reducing prevalence of flies; while, with a high atmospherie
temperature and bright sunshine, flies tend rapidly to increase in
presence of the necessary food-material required by them during
the larval stage of their existence. In connection with prevalence
both of flies and of epidemie enteritis it is also obviously important,
when possible, to obtain graphic record of the 4 ft. soil temperature,

In the event of flies being trapped the species of which is
unknown and local sources of information not being available,
specimens should be packed in a match-box with soft tissue paper
(not cotton-wool, which is apt to cause damage to the inseets, whose
legs, &c. become entangled in it) and despatched at once to
Mr. E. . Austen, British Musenm (Natural History), South
Kensington, London, together with a brief note as to the date,
locality, and other ecircumstances of their capture.

S. MonceTon CoOPEMAN.
July, 1909,

2. Nores oX FExrerimexts 1IN CoLourive FLIES, FOR
PURPOSER OF IpENTIFICATION, CONDUCTED, UNDER THE
DIRECTION OF Pror, NUTTALL, AT THE QUICK LABORA-
TORY, CAMBRIDGE, DURING JULY AND AvucusT, 1908.
By J. P. JeEpson.

The flies used for the experiments were captured by means of
“ fly-balloong,” which were placed in two different bake-houses, and
two grocer’s shops. The most plentiful supply was obtained from
the bake-houses, where the flies abounded in great numbers. It
should be remarked that in each case the bake-house was situated
in the yard of a public livery stable, which probably accounts for
the presence of the flies in specially large numbers. The traps were
collected each morning, and afterwards re-set with brown sugar,
moistened with stale beer, which proved a very successful source
of attraction. About 98 per cent. of the flies captured were Musca
domestica.

The object of the experiments was to discover some method of
marking the flies in large numbers, so that they could easily be
identified later.

The experiments were only of a preliminary character, and
conducted on a somewhat small scale. It is hoped shortly to carry
out similar experiments on a larger scale.

In the first instance, a large number of flies were dusted with
ordinary household flour. This method was suggested by the fact
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that one often sees the flies present in mills quite white in colour,
This, however, met with failure, as the flies soon shook themselves
free of the flour. Next was tried rice starch powder, as it was
thought that being a finer powder, it might adhere better than
the lour, Fqually futile results attended experiments with this
method.

Subsequently, ordinary coloured black-board chalks were finely
eround up with a pestle and mortar, and dusted on to the flies,

The dusting was accomplished by placing the balloen containing
the flies in a paper bag, pouring in the ground-up chalk, and
gently shaking it about. By this means the flies became completely
covered with chalk, and immediately proceeded to clean themselves,
commencing with the eyes. They never succeeded however in
removing the chalk from the upper portion of the thorax, nor from
the base of the wings,

A seriez of balloons were treated in the above fashion, with
different coloured chalks, and the flies were then hiberated, either in
net eages, or about the laboratory.

Some of the flies liberated in the laboratory were, in one instance,
still to be seen six days later, but for the most part they escaped
throngh open windows and doors, and not being liberated in
sufficient numbers, the results were not definite.

Those confined in large netting cages gave more satisfactory
results. In these cages, the flies were practically under natural
conditions, having a large open space, and plenty of light. The flies
were fed with sugar and water.

For convenience the results are given in tabulated form, so that
they may be seen at a glance,

Experiments with coloured Chalhs and Dyes.*

Colour - July 23 July 24. July 25. | July 26.|July 27. | July 28.
i ' i

Dark Blue ... | 50 flies dusted | Few Few None
Red ... oo | DO flies dusted | Few None i

Light Blue ... | 50 flies dusted | Few Few | Few None |

White woe | 00 flies dusted | Many | Many | None

Yellow !Eﬂ!] flies dusted | Many | Many | Many | Few Few

Violet e | 50 flies dusted li Many | Many @ Few

Rosin, Aleohol | 50 flies dusted |Very few| None | '
and Rice : |
Starch. | l

Orange G. Al- | 50 flies dusted Very few| None |
cohol  and

Rice Starch. Ll i
| | |

* These flies were liberated about the laboratory, but unfortunately not in
sufficient numbers for the results to be at all definite.
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Erperiments with coloured Chalks.
Net Cages.

Flies confined in large

Colour. |30 .July.| 31 Jaly. | 1 Avg. | 2 Aug. ‘ 3 Aug. ‘ 4 Aug. | SAug. | 0Aug | 7 Aog.
Net. 1. |40 Aies| Bdend | 6dend | 2dend | 2dead | 1dead
—— |dugted.| (32°5 per| (15per | (Gper | (Sper | (2°6per
Violet, | Fed on| cent.). cent). | cent) cent.). cent. ),
sugar | 3 badly | Colour | Colour | Colour | Colour
and | battersd.| good. | [ading. Very FONE.
water,| Colour fded,
good
Met 2 |40 flies | 5 dead G dead Mone 1 dead 5 dead
dusted (1265 per| (Liper | dead. | (2°5 per | (1%3'5 por
Light | and eent.) cent.). | Colour | cent.) cent. ).
Blue. Tl Coloar | Colour | fading. | Colour | Colour
asin E good. Yery Fone.
Net 1. faded.
Wet 3. |40 flies| 5 dend 2dead | 2dead | 4 dead Mone ldead | 11 dend | Hest
—— |dusted | (226 per|{ (5 per (5 per | (10 per dead. | (2°56 per | (2775 per | dend
Yellow, | and cont.) o, ). cont, ). cent.). | Colonr cent.), cmﬁ {27'56
fed | Colour | Colowr | Colour | Colour YOy Colour | Colour | per
asin goodl. goml. good, | fading. | faded. very very | cemt.).
Net L. slight. | slight at | Colour
base of | gone.
wings
only.

The coloured flies, confined 1 nets, giving good results, the

following isolated net experiment was also started :

Date. Mortality. | Per cent. Remarks.
3st July - - -- 25 flies dusted with ** brick-red " chalk.
1st August ... h 20 Colour very good.
2nd 3 12 1 1
Sed. Vo 4 16 z i
dth 4, v None —_ ke i
hth 1 sxx 1 L 1 3
6thi: L, i None - Colour growing fainter.
Tl Dk, % it — Colour still distinet.
8th i wew 1" = - n
9th - E B » "
10th g wxs 2 8 | 1 W
11th |, .. | None -— | o i
12th n o n s n »
13th 13 i | ] = 1 "
L4th . 1 4 16 o "
16th . 3 12 " "
16th ... | None — 5 i
17th L LLEd " T (] "
18th 1t new 1 S " 1
19th " x=x 1 4 n "

It will be seen from the above table that the colour remained
This result 1z highly satisfactory, as it

distinet for twenty days.

shows that the colour can remain upon the fly during the ter
part of its normal adult existence.
better results than the other chalks, it is difficult to say. Possibly
some injurious property present in the other chalks was absent in

this one.

hy this “brick-red” chalk gave

szl
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In addition to coloured chalks various aniline dyes were used,
either made up in the form of a powder with rice starch, or mixed
with aleohol in the form of a spray.

For a powder, rosin and alcohol and orange G. and alcohol were
mixed with rice starch, filtered, and dried. For a spray, fuchsine
was mixed with alcohol. :

The flies had a habit of cleaning themselves so thoroughly after
dusting that it was thought advisable to employ something of a
sticky nature which would hold the powder in its place.

For this purpose shellac was dissolved in aleohol, and in the first
case applied before dusting, and in the second case after dusting.
The latter method gave the more satisfactory results as regards
the colour remaining, but there was a heavier mortality.

This may have been due to the spray being applied too thickly
and consequently either stiffening the joints of the insects or
else closing up the stigmata and as a consequence stopping
respiration.

It was suggested that the feeding of flies upon a strong dye
might possibly influence their colonr, but this proved not to be the
case. A number of flies were fed on sugar deeply stained with
orange (&, and although they fed readily upon the sugar, there was
no obvious result after ten days.

The following are the results of spraying with a dilute varnish
of aleohol and shellac and then dusting, and of dusting followed
by spraying :—

Flies confined in Net Cages and fed with Sugar and Water.

== Sth Aug. Gth Aug. ! Tth Aung, | Bth Aog. | 0th Aug. | 10h Aug. | 11th Aug. | 12th Aoz,

1 |30 fieasprayed | 4 dead I 2 doead None | |
with aleohol | (133 per | (66 per | dead.
and shellac| cent {ecent.). Colour

and thep| Colour | Colour gone. |
dusted with | holding, | holding. |
rosin, aleog- |
hol and riees |
starch.

— - — B e —

2 |30 Miessprayed | 6 dead N(:IIE Eﬂmui None MNone |
with aleohol | (166 per |  dead. (v per dend. dend. |

and shellac| ocent). | Colour cent.), Colour | Colour |
and then| Colour | holding Colooar holding. | gome. |
dusted with | holding. holding. , ;
orange G, | |
alcohol and
riee starch. I |
3 "Wﬂ.j&aapra‘{od None 2dead | 1dead | 1dead None I
with alcohol diead. (4 per (2 per {2 per demd, |
and_ shellac | Colour cent.). cent.). cenk.). Uolour |
and then| poor Colour | Colour | Colou gone, |
dusted with slight. Yery TEry |
rice starch, slight. | slight. | _ -
i —_— L
4 'Eﬂjﬂsglreaoied Bdead | 1 dead None None | ldead | MNone |Restdead
with ol | (41'6 per | (83 per dead. dead. | (83per | dewl (416 per
and ghellag |  eent.). cent.). Colour Colour | cent.). | Colour cent. )
and then| Colour | Colour | slight slight. | Colour | slight. | Colonr
dusted with | poor. slight. ] slight, almost
rice starch, FOne.

_ *InLots3 and 4 the powder was badly applied and did not adhere well, but was stuck
im pﬂiﬂhﬁ and wad not easily obzerved from any distance. It could be seen on close
examination, .
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Flies confined in ©* Fly-balloon™ and fed on Sugar and Water. These
flies were hightly sprayed with Shellac.

Date, Mortality. | Per cent. Remarks.

Tth August .. - — 8 flies sprayed with alcohol and
shellac and then dusted with rice
starch powder.

#th i it None | e Colour very good.

Ht'h " LK 2 25 1 "

10th None —- 7 <
11th i s 2 95 Lk 5
12th ., ik None — 0y "
13th . el @ 25 = 3
14th i | None - o s
15th w2 E — i, i
lﬁth 1n = 1] e 1] 1]
Tl > e
]gt'h 3% L) 1 N ] L1
|

20th = | A I B " 3
|

Flies confined in Net Cages and fed on Sugar and Water.

, r
Aug, 10, Aug. 11 | Aug. 12 | Aug, 13, ‘e’!.‘l.lg. l-l.l.wg. 15
I I

Ang. 16.|Aug. 17 |Aug. 18 |Aug. 19.

20 Nies dusted | 14 dead | 4dead | 1dead |1dead

with riee starch | (T0per | (20 per | (6 per | (56 per
andsprayed | cent). | cent). | eont), |cent,

with alechol | Colour | Colour | Colour |Colour
and shellac, good. | good, good. | good.

20 fies dusted | 1 dead !Hdea.d 1dead |1dead | None |1dead |1dend | None |2 dead

withricestarch | (6per | (85 per | (5per | (6per | dend. | (6 per | (5 per | dead. | (10 per
and sprayed ecent.). | cent). cent,). | cent.) | Colour | eent.). | (cont.).| Colour | (cent.),

with aleohol | Colour | Colour | Colour |Colour| good. |Colour|Colour| good. |Colour
and shellac, good. | good. | good. | good good. | good. good.
B0 flies 2 dead | 16dead | 8dend |5dead |3dead | None |6dead

sprayed with | (24 per | (82 per | (16 per ((10 par | (6 per | dead. | (12 per
Fuchsine cent. ). cent.). | cent). | cent).| cent.). | Colour | (eent.).
and Alcohol. | Colour Coleur | Colour |Colour|Colour | good |Colour

good, good. good. | geod. | good. good
14th Aug. 15th Aug. | 16th Aug.| 17th Aug. | 18th Aug.

50 fies dusted with rice starch | A few to None None None
powder, sprayed with alcohol | b seen about. about, about.
and shellac, and liberated in about.

Pembroke College bakehouse.
|
17th Aug. | 18th Aug. | 19th .&ug.]ﬁﬂth Aug. | 21st Aug. |22nd Aug.
- [ {

100 flies well dusted I Very | Very Very Not so None
with pink chalk | many | many many many about.
and liberated in about. about. about. about.
the Pembroke Col- |
lege bakehouse.
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Results.

1. Coloured chalks gave satisfactory results, and of these colours
Yellow and Brick red were the best, lasting in the first case for
nine days and in second case 20 days.

2. Spraying with alcohol and shellac, and then dusting with rice
starch powder was satisfactory as long as the shellac was not applied
too thickly.

In the case where it was applied thinly the colour lasted 14 days.

3. Dusting with rice starch powder and then spraying with
shellac and aleohol gives excellent colour, but the flies must be
allowed to clean their eyes befuve spraying, and then the spray must be
applied thinly. In this case the best result was 10 days,

4, The use of various aniline dyes did not prove satisfactory.
With fuchsine the mortality was very large.

It was found no easy matter to arrive at the number of flies
present in a © ﬂﬁf—ballﬂnn,” as the flies were constantly changing
their position, Kven a rough estimate proved, on counting the flies
when dead, to be very wide of the mark.

Some method was desired, therefore, whereby one could approxi-
mate as nearly as possible, the number of flies present without
actually counting them,

The first method that suggested itself was that of determining the
number of flies which made up a certain weight, ¢.g., 1 gram.

This fact known, and if one also knew the weight of the halloon,
when empty and when full of flies, one could deduce the number of
flies present, by the difference in weight of the balloon.

The weight of a number of flies was ascertained in the following
manner i—

Weight of funnel (empty) . = 2575 grams,.
Weight of funnel (with 165 flies) = 27'3 grams.

]ﬁlﬁ flies weigh 155 grams, and 100 flies weigh "94 gram or 1 gram
nearly.

These flies were weighed dead and had been so for 24 hours.
Possibly if they had been weighed fresh they would have been still
nearer 1 gram.

F. P. Jepson,

3. PrRELIMINARY NoTr oN ExaMiNaTIoNs oF FLIES FOR
THE PRESENCE OoF Coron Bacinri. By G. S. Gramam-
SmiTH, M.D.,, UxiversiTy LecTUrRErR IN HyYGIENE,
CAMBRIDGE.

Methods.

Most of the flies were caught in fly-traps in various parts of
London, and sent to Cambridge for examination. The flies were
killed by placing the traps in bell-jars containing a few drops of
chloroform on a pledget of cotton wool. Altogether 148 flies were
examined. These flies have been divided into four classes, spoken
of as house flies, mainly M. domestica, but probably including some

/78
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specimens of the genus Spilogaster, Small flies mainly, Homalomyia
cantcularis, DBlue-bottles, including Calliphora erythrocephala and
vomitoria, and Stomoxys caleitrans.

In 60 instances a fly was seized with sterile forceps, placed in a
tube of lactose-bile-salt broth, and the tube well shaken. The
surface organisms were -thus cultivated. In 88 cases the intestinal
contents were alone examined. The intestine was removed by
seizing the thorax of the fly with one pair of forceps and the
terminal segments of the abdomen with another. By tle
traction the intestine can easily be pulled out intact, and without
coming into contact with the surface of the inseet. A portion of
the intestine was then cut off and emulsified in lactose-hile-salt
broth. The broth was incubated at 37° C. for 24 hours or longer.
Plate cultures were then made on Conradi-Drigalski medium, bile-
salt neutral-red lactose agar, and ordinary agar. Colonies were
picked off from these plates and pure cultures made. The staining
reactions, morphology and motility of the organisms obtained were
examined, and cultures made in broth, gelatine, milk, peptone water,

and peptone water containing 1 per cent. of glucose, lactose,

saccharose, duleite, mannite, and dextrin.

In this series of experiments the intention was to ascertain what
proportion of flies were infected with organisms of the colon-group,
and no attempt was made to work out cum]]lete]y all the organisms
belonging to this group which occurred in each infected fly.

Characters of the Ovganisms.

Altogether 35 lactose fermenting organisms of the colon group
were isolated, 22 from swface cultures, and 13 from the intestines.

All these organisms had the following characters in common :—
short—Gram negative, non-spore producing bacilli with rounded
ends—greyish white colonies on agar— gelatin never liquefied—moist
white or eream-coloured growth on potato—permanent acidity and
clotting in milk. Most of them produced indol, and the majority
showed some motility, especially in peptone water cultures.

Following MacConkey’s classification of the lactose fermenting
bacteria, these organisms may be divided according to their
reactions, which are given in the following table, into four groups.

= g
8 : . g 3 :
g8 | 2 18 |8 | 3] 8 |2 S
R U = R e = W i s
o | : :
L e | 10 |A4G|A4+G| O | O |A+G| A [A4C| +
IL ... ..| 6 |A+G|A+G| O |A+GIA+G| A |A4C| +
III. ... e | 10 JA4+G A4G A4G A4G A4G| A |A4C| +
IV & | 4 A+G A+G|A+G| 0 A+4G| A |A4C| +
| | | |
0 = No change.

A = Production of acid without gas.
A+G = Acid and gas produced.
A+4C = Acid and clotting.

4+ = Positive reaction.
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Ten (285 per cent.) [group I.] correspond in their fermentation
reactions to B. acidi lactici [Hiippe] 6 (17°1 per cent.) [group II.]
to B. coli communis (Escherich), 15 742'8 per cent.) [rmup I11.]
to B. neopolitanus or B. coli communior (Durham), and 4 (114
per cent.) [group IV.] to B. lactis acrogenes (Escherich).

The fﬂ]luwmg table indicates the distribution of these organisms.

Organizms found |
in groups.
Flies examined. No. Total.

I ‘ 1. ‘III.' v,

! | |

House flies ... .- | 94| 8 l 6|4 ‘ 2 | 20 (21-2 per cent.)
Surface cultures e | W) (i e e o (R4 i T o G
Tntesbine coliures  ...” .. |56 | 2| 2| —|—| 4¢71 | )
Small flies ... Sopae e = 8 L0263 65, ')
Surface cultures 5 o 26 == = & | — | 4 (250 i€ )
Intestine cultures ... e |22 2| —| £|—| 6272 )
Blue-botties ... a2 g |14 —]—| 2| 2| 4(28H )
Burface coltores ... .| 6] —|—{(—| 2| 2(333 , )
Intestine cultures ... e | B — | —| 2| — 2(250 )
Slomoxys caleifrans 2|l =—|=—| 1| —=—| 1(50:0 s )
Intestine cultures ... 2| —|—| 1|—| 1{B00 )
Total surface cultures e el 5k ailie | 4|22 (366 per cent.)
intestine cultures .. .. |88| 4| 2| 7| 0|13(1¢7 ,, )

| 1
Complete total e 148 [ 10 ] 6| 15 ! 4 | 35 (23-6 per cent.)

| i

Flies were obtained from the following sources :—(1) From the
neighbourhood of decaying animal matter at Cambridge, (2) from
a railway siding at Islington, at which manure was being loaded
into trucks, (3) from a room used by the men of a gas-works, (4)
from a house 40 yards distant from the Bermondsey glue works,
Eﬁ) from the kitchen of a London County Couneil SLhm}f and {G)
rom a house about 50 yards distant from the Bermondsey jam fac tory.

The results of the examinations of the flies from each source is
given in the following table :—

E = Organisms found
s in groups.
— o "E 1. AN Remarks.
Pe]iem I
| ¢ |L|IL|0x]|ov.
= | &
(1) From Cambridge : | l
House flies ... .. |10]| 6| —|—|—]—
SBurface cnlts, o 4 2 — | 2| —| .
Intestine cults. ... | 6| 4| 2| 2| — |
Small flies v |10 ] B i [t | —
Surface cults. ... | 6 ‘ 2 Ieili= 2 | — || 28 flies examined,
Intestine cults. 4 14 20 —1 21 —1% 15 (545 per
Blue-bottles ... 6| 2| —=|—|—=|—|| ecent) infected.
Buorface cults. 2 l—=|—=|=|=|—|
Intestine cults. 4| 2| —|—=| 2|—,
SIS SRR R A= —
Intestine calta. ... |- 2| 1| —|—|_—|_1]
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E | = | Organisms found
|5 % in groups,
— - g "é | P TS 1 s Remarks.
< | & | L |II |TIL.| TV,
e - | i
(2) From railway siding :

House flies ... e | 24 6| — et B8 ) 1 R
Surfacecults. ... |12| 6| 2| — | 4 | — } :}f par] s
Intestine cults. ... |12 | — | — | — — J

(3) From gasmen's room :

House flies ... e |12 2] — | — 16C £
Surfacecults. ...| 4| 2] 2| —|—|— } P ]J'Bl rl .
Intestinecults. ... | 8| —|—|—| — | —

(4) From house near glue
works 2

House flies ... e 10 2 —1—=1=1=I
Borfacecults,. ...| 2| 2| —|—]|—| 2
Intestine colts. ... | Bl —| —| =] — | —

Small flies ... e | 10| — | — | — | — | — || 26 flies examined,
Surfacecults. ... | 4| —|— | —|—| — 4 (15 per cent.)
Intestinecults. ... | 6 | —| —| — | — | — || infected.

Blue-betiles ... w | 6| Bl —|—=]—=|=
Burfacecults. ...| 4| 2| = | —=|—| 2
Intestine cults. 2|l =|—=|=1—=|=1J

(5) From school kitchen :

House flies - e e e e el
Burface cults. ... g — | =] =] = | =
Intestinecults. ... | 2| — | — | — | — | — : ]

Small flies e |12 4l =] =] —|—|1 lﬂdﬁlsgr;xnmmid,
Surface cults. ... | 4| 2| —|—| 2| — i' : {fmhgermn )
Intestine cults. ... | 8| 2| — | — 2| — 3 ;

Blue-bottles ... ... [ 1 [ (RS i) | S
Intestinecults. ... | 2| — | —=| — | — | — |J

(6) From near jam factory

House flics e |34 | 4] — | —|—=|—

Surfacecults. ... |14 4| 2| 2| — | — i :
Intestine cults. ... | 20 | — | — | — | — | — 4ﬂ4ﬂsﬁ ﬂmidi

Small flies ... e | G| =] =|=|=|=1|f inf Per] OEH:
Burface enlts. ... 2l—i—=1l—=1=1=11 :
Intestinecults,. ... | 4 | — | — | — | — | —|J

Tﬂtﬂ-] BEw wew S e 1[] ﬁ 15‘ 'll: S

So far as can be inferred from the small numbers hitherto
examined, the highest degree of infection is found amongst the flies
obtained from the neighbourhood of decaying animal matter, and
the next highest amongst those caught near manure. Those from
other situations show an approximately equal degree of infection
with lactose fermenting bacteria of the colon group.

House flies, small flies, and blue-bottles were found to be infected
in approximately equal numbers. Surface infection was two-and-a-
half times more common than intestinal infection.

Attention was first confined to those coli-like organisms capable
of producing acid and gas in lactose, but later certain other
organisms were examined. Amongst these an organism of some
interest was discovered, which was 1solated on two occasions, once
from the intestinal contents of a small fly caught in the school
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kitchen, and once from the surface of a house fly caught in the
gas men’s room. This organism, which was non-motile, but other-
wise hike B. coli in staining and morphology, produced acid but no
gas in glucose and mannite, but did not affect the other sugars.
No indol was produced, and milk was made first acid and later
alkaline. Gelatin was not liquefied. It therefore corresponds in
its cultural reactions with B. dysenterie (Flexner).

(. S. GRAHAM-SMITH,

4, THE PART PLAYED BY Museca domestivca AND ALLIED
(Nox-pITING) FLIES IN THE SPREAD OF INFECTIVE
DisEasgEs. A SUMMARY OF OUR PRESENT KNOWLEDGE.
By Georee H. F. Nurrarn, M.D.. F.R.S.,, Quick
ProrEssor oF Brorogy, 1IN THE UNIVERBITY OF
CAMBRIDGE, Axp I*. P. JeEpson, B.A., STUDENT IX
MEenicarn Extomorocy, CAMBRIDGE.
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INTRODUCTION.

In the following summary we purposely confine ourselves to
those diseases which may be conveyed by non-biting jlies similar to
Musca domestica. In compiling the literature we took the mono-
graph by NurTarLL (1899) as a basis and have added thereto so as
to bring the literature up to date. For convenience sake the
diseases referred to have been arranged alphabetically. We have
not entered into the subjects of parasitism due to flies or their
larvae (Myaisis), which is relatively rare in this country, nor have
we considered the subject of the injury brought about by flies by
hastening the decomposition of foods which they contaminate,

77
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We append a bibliography which we have made as full as
possible, ]]mpiug that it will prove uszeful to those who are engaged
in the study of the fly problem. A number of papers cited in the
bibliography are not mentioned in the text. These papers contain
no original matter, or are semi-popular in character, or they do not
bear directly upon the subject in hand. In the last case a brief
note regarding the contents of the papers (fly-biology, myaisis, &e.)
accompanies the reference,

The belief that flies may serve to disseminate infective diseases
is an old one. MERCURIALIS (1577) considered that they carried
the virus of plague from those ill or dead of plague to the food of
the healthy, SyYpENmaM (1666) remarked that if swarms of
insects, especially house-flies, were abundant in summer, the
succeeding antumn was unhealthy. A number of authors, eg.,
Crawrorp (1808), might be cited who refer in a general way to
insects, especially to house-flies, as carriers of infection ; MoorE
(1853) refers to flies as possible carriers of cholera, typhoid, tuber-
eulosis, anthrax and leprosy ; Lripy (1872) refers to flies as
earriers of the infection of hospital gansrene and of wound infection ;
CopnroLp (1879), Grassr (1883), Corrix (1899), PArkE (1902),
MarTINI(1904), BErcEY (1907), HEwITT (1907), Scorr (1909),*
may also be mentioned ; but none of these authors do more than
-:ilfm* surmises regarding the part played by flier in the spread of
disease,

ANTHRAX,

The earliest experiments with anthrax in relation to flies are
those of RAIMBERT(1869) who placed “house-flies ” and “ meat-flies™
on infected material and afterwards tore off their appendages and
inoculated them, with positive results, into animals. DAVAINE
(1870) made similar experiments with Muwsea vomitoria, and with a
like result. CELLT (1588) is responsible for the statement that
anthrax bacilli pass, unimpaired in virulence, through the alimentary
tract of flies, but it is not clear that he execluded the possibility of
there being anthrax spores present in the material upon which he
fed his flies, SaxGrEE (1899) allowed a wingless fly to walk over
a plate culture of anthrax and afterwards upon a sterile agar
surface ; anthrax colonies subsequently developed upon the agar.
Bucmaxaw (1907) placed a M. vomitoria beneath a bell-jar
containing a skinned and gutted guinea-pig which had died of
anthrax. After being in contact with the carcase the fly was
allowed to walk upon agar in two Petri dishes ; anthrax colonies
developed in both dishes, Three M. domestica infected similarly
upon anthracic meat, seized in a market, also yielded anthrax
colonies,

These experiments made by successive observers, apparently in
ignorance of their predecessors’ work, all agree in demonstrating
that flies pick up anthrax bacilli when they walk about and feed on
infected material, [t remains to be determined how long flies may
harbour the bacillus or its spores, and whether the virulence of the
baeillus in the vegetative stage is modified by passage through the

* Cited in the Bibliography.
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intestines of flies. As Josepm (1887) and NurTaLL (1899) have
suggested, it appears probable that non-biting flies may, when
infected, spread anthrax by depositing the bacilli upon wounds or
food. Actual experiments in this direction appear to be lacking,

CHOLERA.

Moore (1853) drew attention to the necessity of guarding food
against flies, because, he supposed, they might disseminate cholera,
adding : * flies in the East have not far to pass from diseased
evacuations or from articles stained with such excreta, to food,
cooked and uncooked.” NicHornas (1873) writes that in 1849,
when cholera prevailed at Malta : * My first impression of the
possibility of the transfer of the disease by flies was derived from
the observation of the manner in which these voracious creatures,
present in great numbers, and having equal acecess to the dejections
and food of the patients, gorged themselves indiscriminately and
then disgorged themselves on the food and drinking utensils. In
1850 the * Superb,” in common with the rest of the Mediterranean
squadron, was at sea for nearly six months; during the greater
part of the time she had cholera on board. On putting to sea the
Hies were in great force; but after a time the flies gradually
disappeared, and the epidemic slowly subsided. On going into
Malta harbour, but without communicating with the shore, the flies
returned in greater force, and the cholera also with mnereased
violence. After more cruising at sea, the flies disappeared
gradually with the subsidence of the disease.” FrLicer (1886,
pp. 359, 370) expresses hizs belief that insects (flies) may infect
the food in cholera times. Their numbers vary extraordinarily at
times and in certain places. They must play an important part,
especially when they are numerons, “ A quantitative determination
of this influence is, of course, mmpossible.” Fliigre also draws
attention to the fact that the worst cholera months are those in
which insects abound. Tsvzukr (1904, p. 77), of the Japanese
Army Medical Service, reporting upon the cholera epidemic in
North China in 1902, writes that * flies in China are a terrible
infliction to the stranger,” and if flies are capable of carrying about
the cholera germ they must play an important part in the spread
of the disease (see his experiments on p. 17 ; they gave a positive
result).

Frperiments.

The first recorded experiments on flies in relation to cholera are
those of Mappox (1883), in which Musca vomitoria and Fristalis
tenax, &c., were fed on impure and pure cultures of the cholera
vibrio, which were added to sugar. Maddox was evidently not
accustomed to bacteriological methods, for he gives a lengthy but
unsatisfactory account of his experiments, which do not seem to
have attracted any particular attention. He, however, does seem
to have determined microscopically the presence of motile cholera
vibrios in the dejections of the inseets, and, from his observations,
concludes that they serve as agents in the spread of cholera.

The first to make aceurate experimental observations on the part
played by flies in the spread of cholera were Trzzox: and CaTTaNI

|75
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(1886) in Bologna. In two out of three experiments made with
flies canght in the cholera wards and put aside for some hours, the
cultures showed characteristic cholera colonies. SAWTCHENEO
(1892) fed fliezs with bounillon eunltures of cholera and found the
vibrios in the flies” dejections after a period of two hours, of course
in impure culture. When the flies had fed for some time on
cholera culture almost no other bacteria could be isolated from their
dejections, He gained the impression that the vibrios multiplied
in the fly’'s body. Previous to making cultures from the flies
Sawtchenko disinfected them outwardly by placing them in aleohol
and afterwards in 5 per cent. earbolic acid solution ; they were
dried on filter paper and then eut open.

SiMMoNDS (1892), working at the Old General Hospital in
Hamburg, studied the flies which were present in the post-mortem
room, where many bodies and intestines of persons dead of cholera
were lying about. Catching a fly, he was able to isolate cholera
vibrios from it in large numbers. Thinking the many flies present
might be a source of danger, he caused the corpses to be gsewed up,
and the autopsy tables to be washed off as promptly as possible,
with the l'nsuft that vibriog eould no longer be obtained from the
flies in the room. As the vibrios would eventually die from drying
when attached to the outer surface of flies that are flying about, Sim-
monds tried to determine how long they would remain alive in this
situation. For this purpose he placed flies on a fresh cholera
intestine, and then transferred them singly to large flasks in which
they could fly and move about freely. Roll cultures made at
various intervals of time (five to 45 minutes) all gave positive
results. In a second experiment six flies were placed in a bell-jar
with cholera intestine, and then removed to a large flagk, where
they remained flying and creeping about for an hour and a half.
Cultures made from these flies yielded innumerable colomes.
Simmonds concluded that flies may play a serious part in spreading
the infection, and, as a practical outcome of his experiments, laid
stress on the necessity of covering cholera dejections until disin-
fected, and of protecting food from flies.

UrreLMANN (1892) allowed two flies to feed on liguefied
gelatine cultures of cholera, and after they had been kept an hour
and two hours respectively in a glass, he made roll cultures with
them. The first yielded 10,500, the second only 25 colonies. He
placed a fly, similarly infected with cholera, in a glass containing
sterilized milk which he allowed it to drink. As soon as the
fly had finished drinking, he shook the milk, to distribute an
organisms which the fly might have introduced, and then pl
the milk at 20-21° C. for 16 hours. After this time had elapsed
he made cultures from the milk, and found that one drop of milk
vielded 100 cholera colonies. A similar experiment, wherein an
infected fly was placed on meat, gave a like result. FLUGGE
(1893), citing the experiments of Sawtchenko and Uffelmann,
draws attention to the danger from flies, particularly in small
households where there is no adequate separation between the
cholera patient and the kitchen or place where food is kept.
Espeeially in the latter part of summer and antumn the flies simply
swarm in such dwellings, and they may play an important part in
spreading the infection,
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Special interest attaches to the following obzervations by Macrae
and Buchanan in India., MacraAE (1894), aided by Haffkine and
Simpson, exposed boiled milk in different parts of the jail at Gaya
where cholera and flies prevailed. A high wall separated the male
from the female department, and this appears to have cut off’ the

ossibility of fly infection, for no cases of cholera oceurred on the
emale side. The milk exposed on the male side became infected
with the cholera germ, and it i1s certain that flies were the agents.
Even the milk placed in the cow-shed and cow-shed latrines became
infected, though there were no cases of cholera in that portion of

the jail. The flies swarmed at Gaya in spite of disinfectants, and -

settled in great numbers on the cholera stools ; thence they gained
access to the rice and millk, Macrae considers that the agency of
flies will at times explain the erratic behaviour of cholera, and that
it * should be considered as one of the most important agencies in
the diffusion of the disease.” Bucmanan (1897) deseribes a jail
epidemic which occurred at Burdwan in June, 1896. There were

reat swarms of flies that year. Outside of the prizon were some

uts where cholera prevailed. A strong wind hiew quantities of
flies from the side where these huts lay, into the prison enclosure,
where they settled on the food of the prisoners. Oaly these
prisoners who were fed at the jail enclosure neavest the huts acquired
eholera, whilst all the others remained healthy. Though Buchanan’s
observation was not experimental, it deserves particular attention,
and naturally takes its place immediately after a description of
Macrae’s experiments.

Tsvzukr (1904, p. 77) captured flies in a cholera house in
Tientsin, incubated them in bouillon and made plate cultures
subsequently from the bouillon. He succeeded in this way in
isolating the cholera vibrios from the flies. He also carried out a
laboratory experiment by placing 10 flies in a cage with a cholera
eulture and a Petri dish containing sterile agar ; this experiment
also gave a positive result since cholera colonies developed upon
the agar. Tsuzuki therefore concludes that flies are capable of
conveying the vibrios under natural conditions.

CuaNTEMESSE (1905) isolated cholera vibrios from the feet of
flies 17 hours after they had been contaminated ; the conditions
under which the experiments were carried out are not stated.
He considers that flies play an important part in the spread of
cholera.

(GaNoN (1908) stated that flies can transmit infection for at least
twenty-four hours after a meal of infective material, and during
such a period flies may be carried very long distances in railway
carriages. The author was unable to-show that the insects could
retain the power of infecting for more than four days, as none of
those he experimented with lived longer than that period.

The various experiments referred to above, perhaps gain in
value from the fact that investigators seem to have been, to a large
extent, ignorant of the work done by others. Only Uffelmann
refers to any other author, i.c., to Simmonds. We may add that
a number of authors, without however contributing any personal
evidence on the subject, express their conviction that M. domestica dis-
seminates cholera. (See MarPMANYN, 1897 : GEDDINGS, 1903, ete.).

14009 B
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The body of evidence here presented as to the part played by
flies in the dissemination of cholera appears to us quite convineing.*

DIARRH(EA IN INFANTS.

The relation of flies to the spread of summer diarrhea has
aroused special interest of recent years. Fraser (1902), referring
to epidemic diarrheea in Portsmouth, states that “on visiting the
houses in question I find that in all, almost without exﬂEJ}l:-iun, the
occupants have suffered from a perfect plague of flies. They told
me every article of food is covered at once with flies.” . . . .
“I repeat that to this, and this alone, I attribute the diarrheea in
the Goldsmith Avenue distriet.”

NasH (1903, p. 128) pointed out that there were 23 cases of the
diseaze in Southend-on-Sea in 1901, whilst there were none in
the summer of 1902, M. domestica was completely abzent in the
wet summer of 1902, but appeared in September of the same year ;
coincident therewith there occurred 13 cases of infantile diarrheea.
Nasu (1904) considers that M. domestica is the chief carrier of
diarrheea-causing bacteria.

NeEwsHOLME (1903, p. 21) has expressed the opinion that food
in the houses of the poor can scarcely escape fmcal infection.
“The sugar used in sweetening milk is often black with flies, which
may have come from a neighbouring dust-bin or manure heap, or
from the liquid stools of a diarrhewal patient in a neighbouring
house. Flies have to be picked ount of the half-empty can of con-
densed milk before its remaining contents can be used for the next
meal.” Newsholme considers the greater prevalence of diarrheea
among infants fed on Nestlé’s milk as due to the fact that flies are
more attracted to it than to ordinary cow’s milk because of its
Sweelness,

CorPEMAN (1906, p. 18) in a report to the Local Government
Board dealing with endemic prevalence of infantile diarrheea at
Wigan says :—*“ At the Miry Lane Depit there is always stored
(awaiting removal by farmers) an enormous amount of nightsoil
mixed with ashes which, in hot weather especially, is not only
exceedingly offensive, but is beset by myriads of house-flies. As the
result of personal enquiry at the various houses in the neighbourhood
in which, during the year 1905, deaths from diarrhoea had occurred,
I learnt that considerable nuisance from the foul odours was apt to
be experienced during the prevalence of hot weather, especially
with the wind in the south or south-west, i.e., blowing from the
Depét to the special area, so much 8o on occasions as to render it
necessary to shut all the windows, while the inhabitants of houses

® SierHORPE (1896) claimed that the flies fulfil the office of scavengers,
destroying rather than conveying the poison of cholera. He relates that an
outbreak of cholera oceurred in a native regiment in India under his command.
On each occasion of their leaving and occupying a new camp, a recrudescence of
the disease occurred. He attributes this to the flies having been left behind.
Fraxcts (1893) eites the ease of a woman he saw at Nusserabad in 1846, who
developed cholera a few minutes after swallowing a fly and died the same
evening. The title of this communication reads (1) “Cholera caused by
afly?-
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nearest the Corporation Depot stated that at certain times of the
year their rooms were apt to be invaded by a veritable plague of flies,
which swarmed over everything of an edible nature on the premises.
This being so, it would appear not improbable that these flies, some
of which have doubtless }l)lad opportunity of feeding on and becom-
ing contaminated with excremental material of human origin, may
have been a means of carrying infected material to certamn food-
stuffs, such, more particularly, as milk, and sugar, and so, indirectly,
of bringing about infection of the human subject.”

SNELL (1906) Medical Officer of Health, Coventry, is stated by
Ainsworth (1909) to have shown that 70 per cent. of the * cases of
infantile diarrheea oceurred in the north-east part of his district,
close to a large collection of refuse where flies swarmed.”

SANDILANDS (1906, p. 90) considers that there are “good
grounds for the supposition that in this disease, which in some
respects is analogous to typhoid fever and cholera, flies may be
carrying agents of the first importance.” He notes that the
meteorological conditions which influence the prevalence of diarrhea
“ exercise a precisely similar effect upon the prevalence of flies.”

“ The immunity of well-to-do infants may be explained, partly by
the distance that separates the sick from the healthy, and partly
by the small number of flies in their neighbourhood. In poorer
distriets six or seven babies may occupy the tenements of one house
with a common yard where the flies congregate and flit in and out
of the open windows, themselves conveying infected excrement to
the milk of healthy infants, or depositing the excrement in the dust-
bin, whence it may again be conveyed into the house by other flies.
Calm weather promotes diarrheea, and high winds are unfavourable
to the spread of diarrhea and to the active migration of flies alike.
Loose soil and fissured rock, containing organic filth in its crevices,
favour the spread of diarrhea and the breeding of flies, whilst solid
rock is unfavourable to both.,” (See also NeEwsmoLmE, 1906,

. 145.
: Hﬁ,hiiER (1908), who has studied the relation of fly prevalence
(Musea, Homalomyia) to diarrhea from an epidemiological point of
view, appears to be somewhat sceptical as to flies being active
nts mn the spread of infection. He considers that the increase
in flies and diarrhea may be due simply to a coincidence.

AINSWORTH (1909, p. 498) has studied the relation of infantile
diarrheea to flies in Poona and Kirkee, India, and illustrates the
relation by means of a yearly curve which is very striking as
affording evidence that flies stand in causal relationship to diarrheea,
(His method of observation is referred to on p. 26 in connection
with typhoid fever.)

All authorities agree that flies rest under strong suspicion of
serving as disseminators of diarrheeal infection.

DIPHTHERIA.

With regard to the dissemination of B. diphtheriw by flies we
find only one reference : Smith (1898 ; cited by Dickinson, 1907)
tried the oft-repeated type of experiment by allowing house-flies to
walk over infected material and tﬁen over sterile media. Naturaily,

14009 B2
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he obtained a positive result. There is no evidence that under
natural conditions flies have anything to do with the spread of
diphtheria, but it is, of course, conceivable that they may convey
the infection under suitable conditions.

DYSENTERY.

We have no direct evidence bearing upon fiies in relation to
dysentery, SmrrH (1903) writes: “An old idea of some Anglo-
Indian surgeons was that dysentery could be canght by using the
same latrine as a dysentery patient. There may be something in
this . . . . . the ubiquitous fly may, therefore, be a dysentery
inoculator in open camp latrines.” DBErceY (1907) also considers
that flies may disseminate dysentery as they do cholera and

typhoid.
FRAMB(ESIA TROPICA (YAWS).

WiLsox (1868, p. 466) says the belief prevails in the West
Indies that the disease is conveyed from one individual to another by
flies. Hirscm (1896) reports two cases in which he thinks the
dizease was conveyed by fliez. Both patients were living among Fijian
children who had the disease. Omne patient had an uncovered ulcer,
the other sores on his feet ; *thus each had raw surfaces which
could be inoculated by the poison,” and would naturally be songht
by flies. Caper (1897) says that lesions of the skin (ulecers,
insect or leech-hites, seratches, &e.) are necessary for infection to
take place. This may occur through direct contact, through
infected clothes or flies, the latter transporting the virnz on their
feet which are soiled with diseased secretions.

Faperiments,

CASTELLANI (1907, pp. 567-568) tested the matter of the fly-
transmisgion of Yaws by experimental methods. He allowed M.
domestica to feed (1) upon yaws material (seraping from slightly
ulcerated papules), and (2) upon semi-uleerated papules on the skin of
three yaws patients. In both cases he was able to discover the Spiro-
chaeta perlenuis in microscopic preparations made from the flies’
mouth-parts and legs. Furthermore, he allowed M. domestica to
feed on yaws material (1 and 2 as above) and afterwards transferred
them to scarified areas upon the eye-brows of wonkeys. Of 15
monkeys thus experimented upon three developed yaws papules at
the places which had been contaminated by the flies. Castellani
concludes that ©“ Yaws is generally conveyed by actual contact, but
under certain circumstances it may be conveyed by flies and
possibly by other insects.”

OPHTHALMIA.

The part played by non-biting flies in the spread of Ophthalmia
is well recognised to-day. Bupp, as early as 1862, considered it
was fully proven that flies serve as carriers of Egyptian ophthalmia ;
LAvERAN (1880), writing of Biskra, says the same. Howg (1888,
p. 323 ; cited by Abel, 1899), stated that (1) the number of cases
mereases rapidly from the moment when flies are present in large
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numbers ; (2) Eye trouble occurs in the same places where flies are
numerous (Delta of the Nile); where there are a few flies (The
Desert) there are also few cases of illness ; (3) Natives and especi-
ally children are remarkably indifferent to the attacks of flies, they
allow the flies to settle in crowds about their eyes, sucking the
seeretions, and never think of driving them away ; (4) Examination
of the flies captured on diseased eyes revealed bacteria on their
feet which were similar to those found in the conjunctival secretion.
Other authors are quite in agreement with Howe in this matter
(see Fucms, 1894, p. 211),

That gonorrheeal and other infections of the eye may be caused
by flies 1z generally agreed (Braux, 1882 ; DEMETRIADES, 1894 ;
GERMAN, 1896). WELANDER (1896) observed an interesting case
wherein an old bedridden woman in a hospital became infected.
This patient’s bed was alongside of that of another patient who had
blennorrheea, but a sereen, which did not reach to the ceiling,
separated the beds. All means of infection, except through the
agency of flies, appeared to be excluded. Wellander found that
flies bore living Gonococei upon their feet three hours after they
had been soiled with secretion, for they infected ascites-agar plates
with which they came in contact.

The evidence regarding the spread of Egyptian ophthalmia by
flies appears to be conclusive, and the possibility of gonorrhewal
secretions being conveyed by flies cannot be demied.

PLAGUE.

Although it cannot be claimed to-day that house flies play a pare
of any moment in the spread of plague it is a matter of some
interest to note what has been recorded on the subject. Older
writers like Bisnor KNuD (1498) and VarwIcH (1577) note the
occurrence of flies in large numbers in plague times. MERCURIALIS
(1577) definitely referred to house-flies as carriers of the plague from
the fact that they contaminated food upon which they settled after
abandoning plague patients. Lance (1791) also regarded flies as
carriers “ humoribus pestiferorum ” from the dead to the living.
Hagser (1882) refers to Bengasi, Tripolis, in connection with a
plague epidemic, in 1858, as being known to the Turks by the name
of the * Kingdom of Flies.”

Turning to more recent times it may be noted that YErsin
(1894) in Hong Kong observed many dead flies lying about in his
laboratory when he made autopsies on plague animals. He
demonstrated by inoculation into animals that a dead fly contained
virulent plague bacilli., Nurrann (1897), experimenting with
M. domestica fed them on organs of animals dead of plague. He
found that flies might survive eight days at 12-14°C. after feeding
on infected organs and that they still harboured virulent bacilli 48
hours or more after they were transferred to clean vessels. At
higher temperatures, 14°C. and upwards, the infected flies died
more rapidly than did control flies which were fed on the organs of
healthy animals. Nuttall concluded that the plague bacillus may
be fatal to house-flies under suitable conditions of temperature.
_M.ﬁ'l‘lGH{}H (1898, p. 237) observed that flies died in large numbers
mn Mung{}lia, during plague times.

/&7
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SMALLPOX.

We have found but one reference to flies in relation to smallpox.
Hervieux (1904) states that LAFORGUE at Tamnranjadida,
Province of Constantine, observed the following during an epidemic
at the above-mentioned place. The children who were attacked all
lived in the south-west of the village; the northern part of the
village remained free from gsmallpox. This distribution was
attributed to the direction of the prevailing winds and it was noted
that flies and mosquitoes were distributed with the wind. Laforgue
believed that flies played an important part in spreading the virus
of smallpox.

STAPHYLOCOCCUS PYOGENES AUREUS.

Three observers appear to have experimented with pyo enic
bacteria ; CELLI (1888) reported experiments of Alessi’s, which
were doubtless conducted with M, domestica, He states that the
staphylococei passed through the flies’ alimentary canal without
loss of virulence.

JoLy (1898) izolated staphylococei from a house-fly caught in a
clinical laboratory.

Bucumawax (1907, p. 217) allowed M. demestica to walk across a
pus-soiled surface, and afterwards on agar upon which colonies of
staphylococel subsequently developed.

SWINE FEVER.

Bucuawax (1907, p. 217) caught Musca vomitoria upon carcases
of pigs which had died of swine fever, and which had been
subjected to post-mortem examination. The captured flies were
allowed to walk across media contained in Petri dishes, and the
swine fever bacillus was recovered from one of the cultures.

TROPICAL SORE.

That flies convey * Bouton de Biskra,” is asserted by SER1ZIAT
(1875) and by Laverax (1880). TscHErREPKIN (1876) who
described a similar affection as occurring at Taschkent, states that
the disease in that loeality is attributed to the bite of certain
insects, whence ite name, * Piischi-Chird),” meaning * fly-bite.”
SER1ZIAT asserts that a lesion of the skin is always necessary for
infection to take place, and that the affection unquestionably results
at times in consequence of a mosquito bite. t}mmra.n gays that
from September to October inclusive (at Biskra),-the slightest
wound tends to become transformed into the bouton. He has seen
it “graft itself, so to speak, on pustules of acne or impetigo, on
wounds foll mvmg; burns or the application of vesicatories, finally on
vaceine pustules.” FLEMING {Erlt. Army Med. Rep. for 1868, X,
and 1869, XI), WEsER (Rec. Mém. Méd. Mil., 1876), and MURRAY
(Brit. Med. Journ., 1883) proved that the disease was inoculable
from man to man. Laveran states that it spreads by scratehing i
an individual affected. He does not doubt that flies earry the virus
on their feet and proboscides and thus give rise to infection.

More recent observation does not appear to have thrown further
light on the subject.
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TUBERCULOSIS,

The first to investigate M. domestica in relation to the possible
dissemination of the tubercle bacillus were SprLLmax and
HavsunaLTter (1887). These authors found tubercle baeilli in
the intestinal contents and dejections of flies which had fed on
tubercular sputum., Hormaxy (1888) carried out observations
under natural conditions by examining flies captured in the room
of a phthisical patient, He found tubercle baeilli in four out of
six flies examined, and also in the excreta of flies seraped from the
walls, door, and furniture of the room. CerLrr (1888) has reported
experiments by Alessi in which the latter fed flies upon tubercular
:Eutum, and subszequently inoculated the flies’ dejections into rabhits,

us causing the latter to become tuberculous.

HaywaRrD (1904, p. 643) fed M. domestica {and blue-bottles) on
tubercular sputum, and allowed the flies to walk and deposit
excrement on clean coverglasses. Flies caught whilst feeding on
tubercular sputum that had been placed in bottles for examination
in the laboratory, were similarly tested for tubercle baeilli.
B. tuberculosis was found on most of the coverglasses. Hayward
states that he obtained cultures of tubercle bacilli from the flies’
fmces (scarcely an easy task!), and that the feces produced tuber-
culosis in guinea-pigs. Flies fed on the sputum died after two to
three days, whilst control flies fed on milk lived eight to ten days
in confinement. Aeccording to Lorp (1904) virulent tubercle bacilli
may be given off in the excreta of flies which have fed on tubercular
sputum.

Bucmaxax (1907) allowed M. domestica to walk across a surface
soiled with tubercular sputum, and afterwards across a surface
of clean agar. The agar was washed, and the washings were
inoculated into a guinea-pig. The guinea-pig died of tuberculosis
36 days after inoculation,

Without doubt, then, flies are capable of disseminating the
tubercle bacillus. Corp (1905) believes that they may play a part
of some importance by infecting human food to which they may
gain access after feeding on tubercular sputum. Mavs (1905)
characterises Cobb’s views as ““unequivocal rubbish,” a somewhat
dogmatic assertion.

TYPHOID FEVER.
(1) Circumstantial Evidence that Flies act as Carriers.

Some valuable evidence has accumulated during the last decade
upon flies in relation to typhoid fever, more especially as occurring
in camps.

American Army.

VEEDER (1898), writing of flies as spreaders of disease in
American camps, says that he once saw typhoid dejections emptied
from a commode, and the latter, without being disinfected, placed near
a pitcher of milk which had just been left at the door. This occurred
in an otherwise cleanly houschold. Flies gathered about the milk
and the commode and may have flown from one to the other.
Veeder asks: “Is it strange that there were numerous cases of the
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disease in that house and others in the house next to it?” He had
recently observed the behaviour of flies in a military camp and
“gseen facal matter in shallow trenches open to the air, with the
merest apology for disinfection, and only lightly covered with earth
at intervals of a day or two. In suﬂ.r} weather this material,
fresh from the bowel and in its most dangerous condition, was
covered by myriads of flies, and at a short distance there was a
tent, equally open to the air, for dining and cooking (!). To say
that the flies were busy travelling back and forth between these
two places is putting it mildly.” (He states he made caltures from
the fly-tracks and excrements but does not say what organisms he
found.) He concludes that the conveyance of typhoid infection
“in the manner indicated is the chief factor in decimating the
army.” He very rightly adds: * Certainly, as far as it is known
to the writer, nothing adequate has been said about it in current
discussions,”  On the other hand, the water supply has constantly
been blamed.

CHMELICEK (1899, p. 193), writing of his observations on
j{phuid epidemics in southern camps at the time of the ’Sriilauish—

merican war, states of the camp at Tampa, Florida : * The pits
were only about forty feet from the entrance to the kitchen tent, and
the number of flies around these holes was countless.” The largest
number of cases of typhoid oceurred amongst cavalrymen, a fact
which the author (p. 196) attributes to * the uumberi);ss flies that
eather around horses,” the flies flying about from the pits to the
kitchen where the brown sugar “ exposed for hours was almost black
with them, looking more like a bag or box full of rasins than sugar,”
..... “It was impossible to keep the flies from the alread
cooked food, even if a man kept one hand over it and ate it wi
the other.”

The directions of Surgeon-General StErNsERG, U.S.A. (25, IV,
1898, Circular No. 1) were explicit enough to guard against the
camp conditions deseribed above and they definitely state that flies
are probably carriers of typhoid since * they swarm about fecal
matter and filth of all kinds deposited upon the ground or in shallow
pite and directly convey infectious material attached to their feet
or contained in their exereta to the food which is exposed . . . ."

Walter Regp, Surgeon in the U.S. Army, reported that the
typhoid epidemie in camps in Cuba was certainly due to food
contaminated by flies “the conditions being especially favourable
for this manner of dissemination.”

Victor Vavcuaxs, member of the U.S. Army Typhoid Com-
mission, in 1900, came to the following conclusion, believing that
flies were active in the dissemination of typhoid fever :—

“(a) Flies swarmed over infected fcal matter in the pits, and
then visited and fed upon the food prepared for the
soldiers at the mess tents, Where lime had been recentl
sprinkled over the contents of the pits, flies with their
feet whitened with lime, were seen walking over the
food.

(#) Officers, whose mess tents were protected by means of
screens, suffered proportionately less from typhoid fever
than did those whose tents were not so protected.
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(e) Typhoid fever gradually disappeared in the fall of 1898
with the approach of cold weather and the consequent
digabling of the fly.”

“ It is possible for the fly to carry the typhoid bacillus in two
ways. In the first place, fmcal matter containing the typhoid
germ may adhere to the fly and be mechanically transported. In
the second place, it is possible that the typhoid bacillus may be
carried in the digestive organs of the fly and may be deposited
with its excrement.” (Quoted by Howarp, 1905.)

Boer Prisoners in Ceylon.

QuiLyL (1900) records of the Diyatalawa Camp, Ceylon, in 1900,
where typhoid fever occurred among Boer prisoners : © During the
whole period that enteric fever was rife in the Boer camp, flies in
that camp amounted almost to a plague, the military camp being
similarly infested, though to a lesser extent.”

British Army.

Toora and CaLveERLEY (1901, p. 73), writing of typhoid in
camps during the South African war, state that “ In a tent full
of men, all apparently equally ill, one may almost pick out the
enteric cases by the masses of flies that they attract. This was
very noticeable at Modder River, for at that time there were in
many tents men with severe sunstroke who resembled in some ways
enteric patients, and it was remarkable to see how the flies passed
over them to hover round and settle on the enterics. The moment
an enteric Eatient put out his tongue one or more flies would
settle on it.’

The authors further state that : “ At Bloemfontein the flies were
a perfect pest ; they were everywhere, and in and on every article
of food. It isimpossible not to regard them as important factors
in the dissemination of enteric fever. Our opinion is further
strengthened by the fact that enteric fever in South Africa practi-
cally ceases every year with the cold weather, and this was the case
at Bloemfontein. For though the days after 10 a.m. were as an
English summer day, and the temperature in our tents was rarely
below 70° and often about 80°F., the nights are very cold, and often
frosty, and with the cold nights the flies disappeared. It seemed to
us that the cold weather reduced the number of enteric cases by
killing these pests.”

SMITH (1903), also writing of South Africa, states that a
neglected trench * becomes an open privy with an infected surface
so0il around it ; the flies browse in it in the day-time, and occupy
the men’s tents at night, On visiting a deserted camp during the
recent campaign it was common to find half-a-dozen or so open
latrines containing a fetid mass of excreta and maggots. This
becaunse the responsible persons so often failed to comply with the
regulations for encampments by filling in latrines on the departure
of the troops.”

AUsTEN (1904, p. 656) vividly recalls “a latrine in a certain
standing camp in South Africa during the late war, in which the
conditions as regards flies were precigely as described by Major
Smith. It is only fair to say that the ground was extremely hard
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and stony, so that very little soil was available for covering up the
contents of the trench. On visiting this latrine after it had been
left undisturbed for a short time, a buzzing swarm of flies would
suddenly arise from it with a noise faintly suggestive of the burst-
ing of a percussion shrapnel shell. The latrine was certainly not
more than one hundred yards from the nearest tents, if so much,
and at meal times men’s mess tins, &c., were always invaded by
flies. A tin of jam incautiously left open for a few minutes
became a seething mass of flies (chiefly Pyenosoma chloropyga
Wied.), completely covering the contents.”

F. SsmiTH (1903, p. 331) refers to his experience in the South
African war in seeing flies go from bed-pans to milk, &ec., and
discusses in detail methods of sewage disposal in warm countries.

STRATON (1907, p. 221), writing of Meerut, India, and the
seasonal incidence of typhoid there, says that typhoid * reeurs after
the rains are over, when the dust and flies reappear.” There is a

eat diminution of typhoid during the monsoon. He deseribes
methods of dealing with latrines. :

Joxes (1907, p. 22), writing of his experience in the Army at
Nagirabad, India, says: “We have been led in this station to
regard fly infection as the principal canse of the unenviable preval-
ence of enteric fever.,” His paper concludes with various recom-
mendations including measures to abate the fly nuisance,

AixsworTH (1909) has studied the seasonal incidence of typhoid
fever and house-flies in the stations at Poona and Kirkee. He
concludes that the result * is highly significant and at least suggests
that a primd facie case has been established for further investiga-
tions.” Flies were present in enormous numbers during the typhoid
season and were bred in horse manure. By means of curves he
illustrates the rize and fall of the typhoid incidence, the rainfall,
and fly prevalence. The estimation of the numbers of flies was
made by catching them on sheets of tanglefoot which were ch
every 24 hours. The curve given on pages 497 and 498 are
certainly very striking, the fly curve reaching its acme about two
weeks before the maximum number of cases of typhoid oceurred.
(See also under Diarrhcea, p. 19.)

Other evidence,

HamiLTon (1903) states that the typhoid epidemic in Chiea
could not be wholly attributed to the defective water supply. She
referred it partly to the common house-fly which prevailed in the
most severely stricken portions of the ecity and contaminated the
food.

Ssaira (1904, p. 423), whilst recognizing that flies may play an
important part in the spread of typhoid fever in warm countries,
believes that the part they play “1s probably a relatively small one
in the climate of Belfast.”

KLEIN (1908, p. 1150, footnote) refers to an outbreak of typhoid
fever studied by Wilshaw. “ After the occurrence of a case of enteric
fever in a house forming one of a row, a number of typhoid cases
making their appearance in the neighbouring houses, All known
channels of transmission, for example, personal contact, defeetive
drainage, polluted water or milk, eould be excluded. The only
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condition common to all the houses of the row was this—that they
were swarming with flies,” Klein examined some of these flies
by crushing them and making cultures from the crushed mass. He
obtained B. typhosus and B. coli from the flies. We assume that
the flies were M. domestica.

Erperiments.

The experimental evidence regarding the part played by flies in
typhoid fever is as follows :—

CeLL1 (1888) fed flies with pure cultures of the Bacillus typhosus
and examined their contents and dejections microscopically and
culturally, Inoculations on animals were also made, proving, as he
supposed, that the bacilli which passed through flies were wvirulent.
(He made similar observations with the Spirillum Finkler-Prior.)

As Fickgr (1903, p. 274) properly points ont, Celli’s statement
has less value to-day, since at the time he carried out his ex-
periments no suitable means existed for properly differentiating
B. typhosus from other organizms of similar character.

Firta and Horrocrs (1902) kept M. domestica (also blue-
bottles) in a large box measuring 4 by 3 by 3 feet, with one side
made of glass. They were fed on material contaminated with
cultures of B. typhosus. Agar plates, litmus, glucose broth and a
sheet of clean paper were at the same time exposed in the box.
After a few days the plates and broth were removed and incubated
with a positive result. The flies’ excreta on the paper yielded
B. coli almost in pure culture. In a second experiment some fresh
typhoid stool to which a typhoid culture had been added was
dusted with earth and served as the infective material ; colonies of
B. typhosus appeared on the plates. In a third experiment the
infected flies were captured and killed. By means of sterile force
there heads, wings, legs and bodies were separated and respectively
placed in sterile broth. Sub-cuitures of the broth all gave a
positive result, The authors conclude that A, domestica can convey
B. typhosus from infected sources to okjects upon which they walk,
rest or feed, and that bacilli adhere to the external parts of flies.
“ It has not been proved that the enteric bacillus passes through
the digestive tract of the fly.”

Haminron (IT. 1903) in Chicago, caught 18 flies in and about
houses and rooms occupied by typhoid cases, and states that she
found B. typhosus in five of them.

F1ckEr (1903) caught flies in a house in Leipzig where eight
cases of typhoid had occurred. He isolated B. fyphosus from the
flies. He carried out experiments with M., domestica kept in
10-litre flasks into which he introduced some sugar, strips of filter
paper and culture of typheid bacilli in bouillon. This was spread
on the glass and parily absorbed by the filter paper. After 18 to 24
hours the flies were transferred to clean flasks. He found the flies
to survive over four weeks in captivity if protected from the cold
and fed on sugar, bread and water, or milk., He notes that flies
may all die during a cold night, irrespective of typhoid bacilli being
present in their food. The flies were transferred to clean flasks
every two to three days. The flies to be examined were etherized
and rubbed wp in a mortar—the crushed material being used for
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making plates ov gelatin and special media. B. typhosus was
recovered from the flies 23 days after they had been infected.

Bucraxax (1907) allowed M. domestica to walk over the
surface of a Petri dish smeared with typhoid dejections. The flies
(number ?) were immediately afterwards allowed to walk over the
surface of media in Petri dishes Naturally, some plates became
infected.

The evidence regarding the part that flies may play in the spread
of typhoid fever may therefore be accepted as quite conclusive.

PARASITIC WORMS.

That house-flies may disseminate the eggs of parasitic worms
appears sufficiently clear from the following observations by Grassi
and Stiles.

(Grassi (1883) broke up segments of Twnia soliwm in water, the
same having been preserved some months in alcohol. The flies
came and sucked up the eggs with the water. The eggs came
away unaltered in the insects’ dejections. The same thing was
observed to occur with the eggs of Oxzyuris. Experimenting with
unsegmented eggs of Trichocephalus, which were placed on the
laboratory table at Rovellasea, he saw the flies feed on them, and,
some hours later, found the eggs in the flies’ dejections, which had
been deposited in the kitchen in the floor beneath, at a distance of
10 metres from the place where the insects had been fed. He
placed sheets of white paper in the kitchen on which the flies
defecated, and he also caught some flies there whose intestines were
full of the eggs. 'That flies were able to take up corpuscular
elements through their proboscides was thus proved. He also fed
them on Lycopodium spores, Oidium lactis from cream, and the
spores of Botrytis taken from silkworms. Both Oidium and
Botrytis were found in the flies’ dejections.

STILES (1889 or 1890, personal communication to Nuttall, 1899)
placed the larve of Musca with female Ascaris lumbricoides, which
they devoured, together with the eggs they contained. The larve,
erubs, as also the adult flies, contained the eggs of Ascaris. The
experiment being made in very hot weather, the Ascaris eggs
developed rapidly, and were found in different stages of development
in the insects, thus proving that the latter may serve as dis-
seminators of the parasite. Providing that the egegs attain the
proper stage of development, the fly, acting simply as a carrier,
might convey the parasite to man by falling into or depositing
its excreta on the food.

OBSERVATIONS ON THE DISSEMINATION OF
NON-PATHOGENIC MICRO-ORGANISMS BY FLIES.

Buacillus prodigiosus.

The observations made upon this bacillus are of interest sinee, in
a mechanical sense, they bear directly upon the dissemination of
pathogenic organisms by flies. Baecteriological literature contains
frequent references to the occurrence of this bacillus on food,
Although the organism is quite harmless it has arvested atiention
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because it produces blood-red colonies upon the substances on which
it grows. The miracle of “the bleeding host™ in the middle ages
has been attributed by modern writers to the development of
prodigiosus colonies upon the wafers in damp churches. Because of
the characteristic pigment which it produces, B. prodigivsus has
been a favourite organism in experimental work. Thus, as early
as 1375, Orro HELM (cited by Abel, 1899, p. 1,068) experimented
with * Monas prodigiosa,” and stated that the slimy masses contain-
ing the bacillus are easily conveyed by flies from one food substance
to another.

Harr & SuiTe (1898) cite an experiment by BUrGEss in
which flies were fed on material containing the bacillus and then
allowed to fly into a large room. After a few hours the flies were
recaptured, and made to walk over slices of sterilized potato on
which colonies of prodigiosus subseguently formed. AReL (1899,

. 1,068), quite independently, carried out a similar experiment.
Efle placed cultures of the bacillus and clean potatoes in different
parts of a room. To the latter he added some putrid meat so that
the odour should attract the flies. After 2-3 days colonies of
prodigiosus appeared on all the potatoes. This did not oceur when
the room was rid of flies.

Abel records two instances in which he observed spontaneous
;frmfige’um infection of food in houses where flies were numerons,
{e collected flies in both houses, and placed the eaptured flies
singly in tubes containing sterile potato, Of the 28 flies captured
in one house seven gave a positive culture ; of 33 flies eaptured in
the other house three gave a positive culture. Abel justly argues
that flies may convey the bacilli of typhoid and cholera in a similar
manner.

SCHEURLEN (1896, p. 17 et seq.) cites 16 recorded cases of “ pro-
digiosus outhbreaks.” In all cases the outbreaks occurred in July,
August and September. Abel points out that the outbreaks appear
to follow the same rule as typhoid and cholera epidemies.

Musca domestica as a carvier of moulds,

It is upwards of 20 years since one of us (N.) observed that flies
may carry moulds upon their bodies ; this was seen in a paste pot
into which flies had fallen and had died. Colonies of Peneillium
developed about several of the flies which had become stuck to the
paste. More recently, Gayon (1903), has cultivated various species
of mould from flies which he captured and dropped into nutrient
gelatin.

CONCLUSIONS.

During the decade which hag elapsed since the appearance of the
mnnngragh by Nuttall, the interest in the subject of the relation of
arthropods in the dissemination of disease has grown steadily.
Hygienists the world over have learnt to appreciate the importance
of insects as disease carriers in consequence, more especially, of the
brilliant discoveries relating to the part played by mosquitoes in
the propagation of malaria and yellow fever, by fleas in the spread
of pFague, by biting-flies and ticks in the spread of various human
and animal diseases.

(55
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Although a perusal of the preceding pages will show that there
were some who at a very early date looked upon the common honse-
fly with suspicion, it is only of recent years that * flies” have come
to be regarded as a serious factor in the spread of infective
diseases.

The evidence we have sifted and ordered in these pages is
obviously very unequal in value, the most important relating to
cholera and typhoid fever—in both cases the evidence inerimina-
ting house-flies, of which Musca domestica may be regarded as the
type, appears to be quite conclusive, and these agents will have to
henceforth receive the serious attention they demand at the hands
of sanitary authorities. From a practical point of view it scarcely
appears necessary to charge the house-fly with more misdoings,
bacteriological tests having shown that they are eapable of taking
up a number of different pathogenic germs and of transporting them
from one place to another. We regard it as certain that they
convey cholera and typhoid fever, and we look forward with con-
fidence to the complete demonstration that they convey the causative
agents of infantile diarrheea and of dysentery, always remembering
that there are other vehicles, water, milk, &e., by which these
diseases may be communicated.

It should be remembered that a fly may cause relatively gross
infection of any food upon which it alights after having fed upon
infective substances be they typhoid, cholera, or diarrhecea stools.
Not only is its exterior contaminated, but its intestine is charged
with infective material in concentrated form which may bergiea-
charged undigested upon fresh food which it seeks. Consequently,
the excrement voided by a single fly may contain a greater quantity
of the infective agents than, for instance, a sample of mfected
water. In potential possibilities the droppings of one fly may, in
certain circumstances, weigh in the balance as against buckets of
water or of milk !
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