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plenty to eat. Their food, however, generally
conaisting of riee, vegetables and dried fish, meat
they seldum eat, not beeause their caste prevents
them, as the eoolies consist almost entirely of
low caste Hindos who can eat meat, but
because it is t00 expensive and tno diffienlt
to obtain in the jungle. As a rule also the
ients bave been living in poorly built
when out iu the jongle—honses bailt of
thatch roofs, matting walls and mud floors: on
this floor they frequently aleep without any
raised sleeping platform such as the Borman nses.
In addition the houses are, as a rule, kept in a
Bithy condition, and in consequence, even though
they are from the nature of their construction
well ventilated, they are both insanitary and
damp. !
t is thus ssen that this class of people exist
under conditions which are favourable to soquir-
ing Beri-Beri, ie, livig in damp ineanitary
houses and eating a diet which eontains but
few nitrogenous elements, and in confirmation of
the view that these are the eonditions mainly
responsible for the onuset of Beri-Beri it may be
mentioned that a large msjority of the cases
when admitted into hospital in & not very
advanced state of the disease improve rapidly
on being placed in & dry ward and being given
& diet containing uitrogenous elements in the
form of meat.

- Unfortunately the coolies, as & rule, delay
u&m:g to hospital until the disease is far ad-
waoced, and in consequence & high death-rate is
unavoidalle. But still most marked improve-
ment is frequently rapidly noticed, more espe-
eislly so when & diet containing nitrogen in
the forin of bone marrow or ghee is given.
As regards the eoolies living in Rangoou they
do not, I believe, suffer from Beri-Beri to nearly
the sawe extent as those living in the district,
&t least this would appear to be the case from
the number of cases :mmk admission. This,
I believe, is largely due to the fact that the

onn  eoolies {ira under better sanitary
eon
fluors, though there is po doubt that their
bouses are often greatly overcrowded. In
addition also these coolies are, as & rale, baiter
and meat is more easily obtsinable in
? goon. Te muoeh the same ressons 1 am
inelined to attribute the eomparative immunity
of the Mabomedans and Burmans from Beri-
Beri ; they are, as a rule, & fairly well-to-do
Semmuuity, they live in better bouses and eat
Wore nitrogenous diet. Burmans are still much
mare loathe than Hindes te come into boepital,
but stif] if the diseass was prevalent amongt
them in anything like the same p
:“J:p it is amongat the Hindos, ooe seuld mot

ooming across cases amongst the oat-
, whereas it is extremaly rare to mest

With cases of this nﬂ:.mul:wnn’t Bur::;ﬂ.,.

. a large number is race attend dally -
i":l.- — . ™

ioms, in drier houses with raised or cement |

fur treatment and mediciuve for various com-
plainta,

There 18, therefore, I believe, little doubt that
Beri-Beri i» endemie in the delta districts of
Burms, and it only requires subjects living under
suitable conditions fur the disease to become
prominent and widespread. ;

ABETRACT OF A PAPER ON THE RELA-
TIONBHIF OF DRINKING WATER ,—
WATER-LOGGING AND THE DISTRI-
BUTION OF ANOPHELES MOS
QUITOES, RESEPECTIVELY TO
THE PREVALERCE OF
MALARIA NORTH
OF CALCUTTA.

Frou roe FROOEEDINGY OF THE AS1ATIC BocimTY, REup
BEFORE THE AMIATIC BOCURTY OF BENGAL, JULY 1800,

Br LBONARD EOGERS, M.p, Ma.cr,
CAPT., LM.E,

Prefoser of Pathology, Madical Celloge, Caleniia.

Ix February last (1900) I oarried out an
inquiry into the bealth of the tract of country
just north of Calcutta and exteuding up along the
east bank of the Hooghly as far as Nabati,
some 25 miles, with special reference to tle

valenoe of malaria.  The percentage of
with enlarged spleens was taken as the
most reliable test, ano over 5,000 persons were .
examived by mysell, the degree of eulargemeut
of the being poted. Tle und water
levels were taken in as wany wells as possible,
as the unbealthivess of this part has fur years
been considered to be due to water-logging. The .
drinking water-supply was also noted, and the
monthly nomber of admissions for fever in ten
of the principal dispensaries for the last six
years was compared with the mouthly rainfall
in order to mscertain the semsong! influeuces.
Lastly, some observations were wade ou the
distribution of the anopheles wosquito larve,

The following table shows the perceniage of
persons found to suffer from enlargement of the
spleen in each municipality. They are arranged
in order from above downwards, as they are
sitoated on the map from porth to south, while
the easternly ones, which lie vn the east bank of
the Hooglly, are plaged in tha hﬂ-,lﬂ?ﬂ the |
easternly ones, which lie at s little distance
from the rdiver, are pllﬂd in the right hand
colamn, so that the table rooghly represents -
their position on the map. g

A glanes at the tabtle (which in the full paper |
is illostrated by a shaded map) shows that the
places which are sitoated on the sast bauk of
the Hooghly river bave a much lower spleen”
mte thay forther to the east, although
the last five are but fruw ene to t'l_‘n_lﬂlu fmm
*he rver, The question azises a4 1o, Whether”






348

THE INDIAN MEDICAL GAZETTE.

[Serr. 1900,

the riverine parts are exceptionslly healthy or I

rates are 227 and 279, The water-supply of

the inland portions especially unhealthy for this | Wards I and 1II is mainly from the Hooghly.

part of Ben
examined several hundred people in Busirhat

TABLE L

R

e

| spisen | Spleea
Monicipality, | Percent- | Munpicipality.  Percen
i |
Naihati - | 192 [(Gobardangs) ... (555)
Bh 00 |
Garuila | e
North Barrackpnp 865 (Bosirhat) (52 &)
Titagarh | . 378 Barnset i ara
B. Barrackpur, W, 252 % Barrackpor, E 60
Eamarbati, West | 158 ‘Kamarhsti, Enat E4E
Barsnagar 178 North Dom.Dam 681
Chitpur-Uossipar | 11'2 South Dum-Dum 323
i {¥aniktolls 1a-2
Averaga 5 | Avarage 410

and Gobardanga, which are situated some 235
wiles further to the east, and found their spleen
rates to be over 50 per cent. It isevident, then,
that the riverine portions are exceptionally
healthy for Lower Bengal, but the reason re- |
mains to be found.

One very marked exception will be found to |
the above rule, namely, that of Mauniktolla, which
although at some distance from the river, yet
has a very low spleen rate, the lowest of all the
thirteen areas except Chitpur-Cossipur,—fucts
which can only be explained as being due to
these two municipalities being the only vnes of
the lot which have a full filtered water-supply.
Moreover, this low rate occurs in spite of these
two places being the most water-logged in the
whole area, their ground water levels being but
from four to five feet below the suiface in the dry |
season, and from one to two feet dowu only
during the rains. -

This result.was somewhat surprising in view !
of recent =wbrk on malaria, so advantage was '
taken of the fact that certain wards of some of |
the muuicipalities were partially supplied with |
filtered water, from standpipes pl'oviged by cer-
tain of the mills within them, to examine more
closely into the question. The result was ample
confirmation of the relationship of the water-
supply to the spleen rate, illustrative examples
of which are as follows: Naihati is divided up

into five wards, beginning from the south. The |

and their spleen rategare 105, 108 and 19 re- |

first three are maiuly inhabited near the river,
{

spectively. The very low rate of Ward Il eoin-
cides with a partial tiltered water-supply from a
miil, which is the only difference between them
that can account for'the fizurea. The two most
northerly wards are mainly inhabited at a
distance of about two miles from the river, and
their water-supply is mainly from tanks, and
although their ground water level is slightly
lower than that of Ward III, yet their spleen

gal, and in order to settle this I | Still more striking are the figures for Garulia,

in the northern portion of which is a mill which
has been supplying filtered water for two vewrs
ouly, during which time the number of cases of

| faver treated at the lucal dispensary has fallen to

about ope-third of what it was before the tiltered
water came into use, and the greatest improve-
ment took place in the very year that every other
dispensary in this area showed a great increase of
fever, As, moreover, the Native inhabitants were
very positive that those who drunk the filtered
water suffered much less from fever than those
who did oot, I decided to examine 100 people
near the mill, about 80 per cent. of whom had
drunk filtered water, and another series at a
short distance away, but within one mile of the

| forioer, aud living under identical conditions,
| but who differed from the forwer in not having
| been accustomed to drnnk filtered water.
. spleen rate was found to be 211 per eéut. in the

The

forimer, and 3533, or more than ctwo and a half
times ns great in the latter, which strikingly
confirms the local upinion as to the- relative
immunity of filtered water drinkers from
malaria.

T'itagarch, two out of the four wards of which
have a partial filtered water-supply from mills,
afforded a good opportunity of putting the
watter to a crucial test, sv a note was made
of the water drunk by nearly all the people
exanmined. The results are showu in the
following tables :— Z

TABLE 1I.

i Oround Water

= {
Arva. l S 1. M:‘ﬁl;“h“ Spleen poreentage.
- 1‘1‘;;.?; |
| i
It o, & im. |
Ward I¥ | 01 | 1 2 River and tank| 48
; r ! Waiar, I
Ward I11 | 196 | 1 & Onethirddrank 30
| filtered watar. |
Ward II H 2 per oenb 19
drank flcered,
| water. |
Ward I 18 4 & 0 River and taok) B3
| | I watsr.
|

—

The much lower spleen rates in Wards Il and
III which had a partially filtered water-supply,
and that too in proportion to the number of
persons examined who had drunk the filtered
water, ia evident. But this is not all, for it will
be seen from Tuble I11 below that the spleen rate
among 140 filtered water drinkers is 264 per
eent, tliat among 179 river water drinkers was
418, while ont of 53 tank water drinkers
(who it should be noted form & minority
liere), it waa no less than 672 per cent. Further,
ounly 38 per cent. af Gltered water dr'ml:az:a. in
which the spleen was enlarged, was it consider-.
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ably (two fingers, breadth below the ribs) or
markedly so, while in 62 per cent. it was only
just felt between below the ribs.  In river water
drinkers it was much eplarged in G7 per cent,
and slightly go in 43 per cent, while in tank
water drinkers it was much enlarged in 73 per
cent., and slightly g0 in only 27 per cent.
only, then, id the spleen much more frequently
enlarged in river and tank water drinkers than
in those whb drink filtered water, but the degree
of enlargement is also much greater in the furmer
than in the latter.

TABLE IIl.

SrLEEN PERCENTAGE AND WaTER-STPPLY.
‘Filum& Eiver Tank |
ENLARGEMENT. | B b o wator, | TOTAL.
I
| |
Bpletn not enlarged | 108 105 18 '! 2aq
Splesn jost fele .. | 23(62%)| 3xd895)| B(2V40) 64
Bpleen considerably 2 {
onlarged, PR 26IEE%)| 1H(40E) ] 50
Bpleen marked!y en- .I
larged. L OBIB| 6% | (83| ER
Totsl examined 140 179 6% - | R
Peroentaze of en- |
larged aplesns, 26 4 4118 | 672 Bo-h

. i

If now the spleen rates for the different
municipalities, as shown in Table I and in the
map, be examived in the light of the figures
just given, it will be evident that the difer-
ences in the water-supply will explain all the
facts in & way that no other hypothesis will do.

Thus, Chitpur-Cossipur has the lowest spleen |

rates, and it has the double advantage of
both a full filtered water-supply and close
roximity to the river. The influence of the
atter is well illustrated ~by the fact that the
spleen rate of the two riverine wards is only
7 per cent., while that of the other two wards,
which are from one to two miles from the
river, is 13 per cent., or just about the same as
that of Maniktolla, which 1s similarly situated.
The obvious explanation is that those who do
not take the trouble to get the filtered water
will drink river water in the wards on its bank,
while in those at a distance they will drink
tank water. The sawe point’is illustrated by
the difference between the spleen rates of the
western portions of Eamarhati and South
Barrackpore and the eastern portions of the
same municipalities, the former with a water-
supply from the river haviug just about balf
the spleen rate as the latter with only tank
water for drinking purposes. In short, the
much lowér 1ate of the riverine parts is due to
the difference in the water-supply ; for, as will be
shown presgntly, there is 0o essential difference
in the ground water level which ean explain
this distribution, The good effect of even
a partial water-supply is once more shown by
the ward wanations of the spleen rate in
Baranagar and South Dum-Dum. In the former

Not |

= e ——

| the lowest spleen rate, namely, 11°G, is met with
in the most southernly of the riverine wards,
which border on Cossipur; and I found that
 many of the inhabitants of this small ward were
| getting their filtered water from Cossipur.

Again, the only ward which is at & little distance
fromm the river in this municipality has the
| highest spleen rate, being dependeut on tank

! water Lo a great extent.

South Dum-Dum is divided into three wards,
and one of these which borders on Cussipur,
from which many of the people whom I
examined were accustomed to get tiltered water,
had only & spleen rate of 118, against one of
354 and 453 in the other two wards which had
only tank water, although in all other respects
I could find no difference between the wards.
The very fact of the peuple taking the trouble
to carry filtered water from a distunce, and their
robust belief that they to a large extent escape
fever by so doing, must be allowed some
| weight in favour of the correctuess of their
belief. The whole of the evidence, then, points
to the water-supply as the determining factor in
| relationship to the relative amount of malaria
lin this tract of country, but other possible
factors must be considered, the most important
of which is water-logging.

WATER-LOGGING AXD THE RAILWAT.

It has already been pointed. out that
Maniktolla and Chitpur-Cossipur are the most
water-logged parts of the whole area, and yet
| they are the least malarious, owing to their
| filtered water-supply. Further, an examination
| of the spleen rate and the ground water level
- ward by ward shows that there iz no relationship

between the height of the ground water level
and the percentage of inhabitants with large
Rﬁleens, or although at first sight the fact that
the bank of the Hooghly river 1s very slightly
~ higher than the surrounding country, so that the
drainage flows away from the river and
. eventually finds its way back through khals, or
runs into the Great Salt Lake to the east of
. Calcutta, might appear to indicate that the
| enstern portions of this area must have a
| higher ground water level than those near the
| river bank, Measurements in the wells, however,
‘do npot bear this out, for there is very little
difference in this respect, while what little there
(i8 is rather more frequently io favour of the
| eastern portious than against them. Futher, if
| different wards of the same muuicipalities are
| compared, no definite or constant relationship
between the slight variations in the ground
- water Jevel which are met with and the spleen
' rate is found, as a study of the tables in the full
paper or the map will show.
i The Eastern Bengal Railway, which runs from
north to south through this area, and, together
' with the Grand Trunk Road, roughly divides the
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western and eastern portions, has' frequently
been hield to be responsible fur the unhiealthiness
of the country, fur it lies across the line of
drainage. As, however, the drainage fluws from
west to east, it is obvious that il it materially
obstructs the drainage, the part to the west of |
its course should be the more unhealthy, while
precisely the opposite is the case. Moreover, in |
laces in which wells were found ou either side |
of the railway, although not very near it, there
was no marked or constant ditference in the
ground water levels on either side of the

*the Maniktolla Municipality.

railway. The ditferences in the spleen rates in

this truct of eountry cannot, then, be explainel
on any theory of water-lugging, or interference
with drainage by railways or rvads, although
the natural dratage is certainly bad as in North

Duw-Dum.

Again, it might be thonght that the lower |

rate in the western parts migh
greater density of population; 113:1 consequently
less few breeding grounds fur the anupheles
mwosquitoes.  With regard to the forimer it may
be pointed out that there was
difference in the spleen rate of the densely
populated western portion of Maniktolla and
the very sparsely populated and somewlhat more
water-logged

t be due o |

ractically no |
i several small beetles, which they appeared to
, prefer.

' wation, I easily found numerons anoplieles larva

hoth in tanks and in smaller pools, all of which
contain-d very numerous fish. As it was impus-
sible to minutely examine 100 square miles or so

" of this aren, [ Jetermined to map out awl closely

senrch all the pouls aml tauks in a sinall area of
The wsults which
were cbtained are as interesting as they were
unexpected. [ much regret that 1 have not been
able to confirin Major Ross' ohservations as to the

- very loenlised and smull number of the breeding
. places of nuoplieles wosquitoes. On the contrary,

I found them very commonly in large tanks,
and that too in spite of most of them swarmiog
with fish. In fact, in the dry season, when small
pouls are few n nmnber, the tanks are the

! common Lreeding place. Further, although [
; found them in two vut of three very small ponls

(from two to five vards in diameter), and with
but some two inches of water in them, these
pools also contained small fish, which during
some time that [ watched them did mot touch
one of the anopheles larvee which foated
temptingly past their poses, although they eat

If, then, the larvae cun survive in <pite

' of tish in such tiny pools, is it any cause for

eastern part of the same place,

both having a filtered water-supply, and other '

similar instances could Le given.

Further, the |

great diffzrences in the spleen rates of the |

contiguous war-s of the same wmunicipalities in
which everg condition except the water-supply
are precisely similar, which have already been
detailed, cannot be explained ou any theory of
varying density of population, or of mosquito
breeding grounds.

DISTRIBUTION OF THE ANOPHELES MoOSQUITOES,

The question of the reiatinnship of the ano-
pheles mosquitoes to the prevalence of malaria
remains to be eonsidered. It must now be

wonder that they live in tanks?

The question then arises as to whether there
is anv relationship between the nuwber of
anopheles and the amount of fever, in order to
test which I resolved to make a mouthly gxa-
mination of the some thirty tanks, together

. with anv pools near them io & small urea of

Maniktolla. These observations will have to be
continued for a year, but it may be mentioned

' here that during the dry season, when malarial
' fevers were at a minimum, from oue-third to

taken-=us proved that malaria may be communi- |

cated to man through the bites of mosquitoes
which have some days previously bitten another
case of malaria, but it still remains to be proved
whether this is the onlv. or even the most
comtnon cause by which this protean disease is |
communicated. The point is one of the utmost |
importance to Beugal, onme of the principal
howes of I.Tlllll‘i!., for if I_'.ha iisease is u|||}‘
communicated by the bites of these tiny pests,
and they ouly breed in certain gaall pouls,
namely, those which are too s=mall to harbour '
fish, yet not so small as to dry up in & day or |
two, a8 Major Ross states is the case, then by

searching out these breeding grounds and

destroving the larvm in the pools, we may hope

with to at least rid towns or small areas of

malaria.  Unfortunately [ have not been able |
to confirm these last statements of Ross, for both

at Gobardanga and at Maniktolla, which are at
.the extreme of this tract of country uuder obser- |

' & single case. : W
. estimated to have contained over one million

two-thirds of the tanks have been found to
harbour the anopheles larvae, and that too at
a time when three vizits to the local dispensary,
after having given notice that all fever cases
were to be kept for me to see, I failed to obrain
Yet some of the tanks were

larvee, so thickly were they lying near the
leeward bank in parl.'tr.!'ﬂlll.'l'. ln  short, ic
would have taken a very large number of the
small pools to harbour as wany larve as one of

' these tanks, so that in this area, at any rate,

the tanks formn the principal breeding ground in
the dry season at any rate. Iv will be very
interesting to see what happens in the rainy
season, but I may mention that after the recent
heavy rain the larve nearly disappeared from
the tanks, and were enormously reduced in
numbers in spite of several new small infected
pools having appeared, so that further obser-
vations prowmise to be of interest.

T'he importance of the above observationas lies
in the impossibility of destroying sll the anophe-
les larva in even a very small area in Bengal, for
the thirty tanks mentioued above all lay within
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an area of one-sixteenth of a square mile, and
formed but a small fraction of these of the
very small municipality of Maniktolla, so that
unless some very much more potent method of
destroging mosquitoes is discovered, I fear that
Bengal will not have its malaria much reduced
by Ross' ingenious suggestions. If, too, all
walaria is due to the bites of these mosquitoes,
and they are present in such great numbers in
the mivimal fever season, how many will be
found in the maximal fever period, and how
great will be the difficulty of destroying them ?

It may be objected that many of the anc-
pheles found by me in the tanks were varieties
which do not carry malaria, but until we know
which are harmless and can easily distinguish
them at a glance, this will not lessen the dith-
culty of destroying the really dangercus ones,
if indeed any of them are harmleas,

The importance of the action of a filtered
water-supply in greatly reducing the amount of
malaria, which has been demonstrated in this
Saper, is enhanced by the great difficulty of

estroying the malaria-bearing mosyuito, and
also raises the question as to whether these
insects may not carry the infection from
cases of fever back to the water of tanks, ete, |
and the disease may not commonly be obtained |
by drinki.ug sueh infected water, which has for
centuries been considered to be a frequent
method or mediom through which the disease
may be obtained. This important question cau
only be settled by experiment, which I hope
shortly to be able to undertake.

Lastly, many charts have been made showing
the monthly number of fever cases treated in
the dispensaries of this area together with the
monthly rainfall. It appears from these that |
the conditions which influence the amount of
fever in different years is a general one, for all |
the dispensaries show very similar curves in |
the same year (exeept when the water-supply
has been materially altered as in the case of
Garulia) so that some general cause must have
been in operation. On the other hand, there is I
no definite relationship between low or heavy |
annual raiofall, and the amount of fever, as [ |
bave shcwn elsewhere,® is the case of laterite |
soil with rapid ground water variations, There
does, however, seem to be some relationship
between the daily distribution of the rain and
the amount of fever, but my observations on
this point are not sufficiently advanced to allow
of any definite statement on the subject at
present. |

The broad result of the present inquiry, then, |
is simply that there is a very definite relation- |
ship between the drinking water and the amount |
of malaria, as judged by the spleen rate in this |
alluvial area. |

* Lancet, March 12th, 1804,







