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In February last (1900) I carried out an
inquiry into the health of the tract of country
just north of calcutta and extending up along the
east bank of the Hooghly as far as Naihati,
some 25 pileg, with special reference to the
prevalence of malaria.  The percentage ©f
people with enlarged spleens w== taken as the
most reliable tegt, ana over 5,000 persons were
examined Ly pyself, the degree ©f enlargement
of the organ being noted. The ground water
levels were taken in as many "ells as possible,
as the unhealthiness of this payy has for yegrg
been considered to be due to water-logging. The
drinking water-supply was also noted, and the
monthly number of admissions for fever in ten
of the principal dispensaries for the last six

years was Compared with the monthly rainfall
in order to ascertain the seasonal influences.

Lastly, some observations were made on the

distribution of the anopheles mosquito larvae.
The following table shows the percentage ©f
persons found to suffer from enlargement of the
spleen it eachmynicipality. They =re arranged
in order from above downwards, as they are
situated on the .., from north to south, while
the easternly ones, which lie on the east bank of

the Hooghly, are placed in the left, and the
easternly ones, which lie at a little distance
from the river, are placed in the right hand
column, so that the table roughly represents
their position om the pap.

A glance at the table (which in the full 550,
is illustrated py a shaded map) Sshows that the
places which are situated on the east bank of
the Hooghly river have a much lower spleen
rate than those further to the east, although
the last five are but from orie to two miles from
the river. The qguestion arises as to whether
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the riverine partg are exceptionally healthy o=
the inland portions especially unhealthy for this
part ©f Bengal, and in order to settle this I
examined several hundred people in Busirhat

TABLE I.
Spleen Spleen
municipality. Percent- Municipality. Percent-
age. age.
Naihati 19-9  (Gobardanga) (55-5)
Bhatpara 20-0
Garulla 33-8
North Barrackpur 36*5  (Busirhat) (52 8)
Titagarh 37-8 Baraset 542 9
S. Barrackpur. W- 25 2 s. Barrackpur, E 56%0
Kamarhati, West 18-8  Kamarhati. East 34-8
Baranagar 178 North Dum-Dum 68" 1
Chitpur-Cossipur 11-2 South Dum-Dum 323
Maniktolla 13-2
Average 24 5 Average 410

and Gobardanga, which are situated some 25
miles further to the gagt, and found their spleen
rates to be over 50 per cent. It is evident, then,
that the riverine portions =re exceptionally
healthy for Lower Bepgal, but the reason re-

mains to be found.

One yery marked exception will be found to
the above ryle, namely, that of Maniktolla, 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, ?facts
which can only be explained 2= being due to

these two municipalities being the only omes of
the lot which have a full filtered water—supply.

Moreover, this low rate occurs in Spite of these
two places being the most yater-logged in the
whole srea, their ground water levels being but
from four to five feet below the surface in the dry
season, and from one to two feet down only

during the rains.

This result was somewhat surprising in view
of recent work on malaria, so advantage was
taken of the fact that certain wards of some of
the municipalities were partially supplied with
filtered water, Tom gtandpipes provided b)T cex-
tain of the mills within them, to examine more
closely into the gquestion. The result was= gyple
confirmation of the relationship of the water-
supply to the spleen rate, }11usf:rat1ve examples
of which are as follows: Naihati is divided up
into five wards, beginning from the south. The
first three are mainly inhabited near the piver,
and their spleen rates are 195 108 and 19 ye-
spectively. The very low rate of Ward II coin-
cides with a partial filtered water-supply from a
mill, which is the oply difference between them
that can account for the figures. The two most
northerly wards are mainly inhabited at 4
distance of about two miles from the yiyer and
their yater-gupply s mainly f¥o™ tanks, and
although their ground water level is glightly
lower than that of Ward III, Jlet their spleen
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rates are 227 and 27'9. The water—supply of
Wards I and III is mainly from the Hooghly.
Still moxre gtriking =re the figures for Garulia,
in the northern portion of which is a mill which
has been supplying filtered water for two years
only, durj_ng which time the number of cases of
fever treated at the local dispensary has fallen to
about one-third of what it was before the filtered
water came into yge, 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 thnn those
who did not, I decided to examine 100 people
near the mill, about 80 per cent, of whom had
drunk filtered yater, and another series at a
short distance away, but within one mile of the
former, and living under identical conditions,
but who differed from the former in not having
been accustomed to drink filtered water. The
spleen rate was found to be 21*1 per cent, in the

former, and 55%5, or more than two and a half

times == great in the latter, which gtrikingly
confirms the local opinion =@s to the relative

of filtered water drinkers from

immunity
malaria.

Titagarh, ®we out of the four wards of which

have = partial filtered yater-supply from mills,

afforded = good opportunity ©f putting the
matter to a crucial tegt, so a note was made

of the water drunk by nearly all the people
examined. The results shown 1in the

following tables =

TABLE II.

are

Ground Water

Level.
Drinkingwater-

Area. Spleen percentage.

supply.
Feb. Rains
(1899) .
ft. in. ft. in
Ward IV 10 1 I 8 River and tank 48
water.
Ward III 10 0 1 G One-thirdilra'ik 30
filtered water.
Ward II 82 per c?nt 19
drank filtered
water.
Ward I 18 4 6 0 River nnd tank 54%*8

water.

The much lower spleen rates in Wards II and

II1I which had a partially filtered water-supply,
and that too in proportion to the number of
examined who had drunk the filtered

persons ) A )
But this is not all, for it will

water, is evident.
be secen from Table III below that the gpleen rate
among 140 filtered water drinkers is 26 4 .,
cent.,?that among 179 river water drinkers was
41-8, while out of 55 tank water drinkers
!
(who it should be form a pinority
here), it was no less than Gf2 per cent. Further,
of filtered water drinkers in

noted

Only 38 per cent, :
which the spleen was enlarged, was it consider-
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ably _,the lowest gpleen rate, namely, 116, is met with
: h ! )
markedly so, per cent, it was onlylrll,l.the ;OSC; southernly of the riverine warc}ils,
on ) . !

just felt between below the ribs. In river water TC Orh er _Cossipur; Iand- found that

drinkers it was much enlarged in G7 per cent.,many of :heeirlnh?'bllttings of this small ward ,were

and glightly s in 43 Loy cent., while in tank3etting prtered - wate m  Cossipur.

water drinkers it was much enlarged in 73 per%galn, I:he olnly ward which is at a little distance
: : rom the river i i LR :

cent., and glightly se in only 27 per cent. Not 11V in thlsl municipality hast th]f
. an

only, then, 1is the gpleen much moxe frequentlyhlghes't spleen rate, being dependent ==

(two fingers, breadth below the ribg)
while in 62

water from

enlarged in river and tank water drinkers than
in those who drink filtered water, but the degree

of enlargement is also much greater in the former
than in the latter.

TABLE III.

Spleen Percentage and Water-supply.

Enlargement . Filtered River Tank Total.
water. water. water.
5pleen not enlarged 103 105 18 226
Spleen just felt 23(62%)  32(43%) 8(27%) 63
Spleen considerably
enlarged. 9(24%) 26(36%)  15(40%) 50
Spleen markedly e»-
larged. 5(13%)  16(21%) 11(33%) 3
'l ocal examined 140 179 55 374
Percentage of en-
larged spleens. 26 4 41's 67-2 39-5
If now the for the different

spleen rates .
municipalities, as shown in Table I and in the

map, be examined in the light of the figures
just given, it will be evident that the differ-

ences in the water—supply will explain all the
facts in a way that no other hypothesis will do.

Thus, Chitpur-Cossipur has the lowest gpleen
rates, and it has the double advantage of
both a full filtered water-supply and close

The influence of the

proximity to the river.
latter 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 to from the
river, is 15 per cent., or just about the same as
that of Maniktolla, which is 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 Wwill drink
tank water. The same poipt is 1llustrated by
the difference between the spleen rates of the
portions of Kamarhati and South
Barrackpore and the eastern portiong of the
same municipalities, the former with a water-
supply from the river having jpst about half
the spleen rate as the latter with oply tank

water for drinking purposes. In short, the
much lower rate of the riverine partg is due to

are from one two miles

western

the difference in the water—supp]_y . for, as will be
Ishown presently, there 1s no ess.entlal dlfferenf:e
in the ground water level which can explain
this gdistribution. The good effect
partial water-supply is ‘once more shown hy
the ward variations of the spleen
Baranagar and South Dum-Dum. In the former

of even
a

rate in

water to a great extent.

South Dum-Dum is divided into three yards,
and one of these which borders on Cossipur,
from which 5py Of the people I
examined were accustomed to get filtered water,

had only = gpleen rate of 118, against ome of
35 4 and 45'3 in the other two wards which had

only tamk water, although in all other regpects
I could find no difference between the wards.
The very fact of the people taking the tr ouble
to carry filtered water from a distance, and their
robust belief that they to a large extent egcape

whom

fever py so doing, must be allowed some
weight in favour of the correctness of their
belief. The whole of the evidence, then, points

to the yater-supply 2= the determining factor in
relationship to the relative amount of malaria
this of country, but other possible
factors must be considered’ the most important
of which is yater-losffring.

in tract

Water-Logging and the Railway.

has out

It already been pointed that
Maniktolla and Chitpur-Cossipur are the most
water-logged parts of the whole area, and yet
they are the least malarious, owing te their
filtered water-supply. Further, an examination
of the spleen rate and the ground water level
ward by ward shows that there is no relationship
between the helght of the ground water level
and the percentage of inhabitants with large
spleens, for although at first sight the fact that
the bank of the Hooghly river is yery slightly
higher than the gyrrounding country, se that the
drainage flows away from the river and
eventually finds its 5y back through khals, o=
into the Great Salt Lake to the east of
Calcutta, might appear to indicate that the
eastern pOItiOHS of this have
higher ground water level than those neaxr the
river bank. Measurements in the yells, however,
do not bear this out, for there is very little
siiff.erence in this respect, while what little there
is 1is

runs

area must a

rather more frequently in favour of th.e
eastern pOItiOHS than against them. Futlier, if
different wards of the same municipalities ==e
compared, no definite ox constant relationship
between the slight variations in the ground
water level which are met with and the spleen
rate 1is found, as = study of the tables in the full

paper ©r the g, will show.

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 held to be responsible for the unhealthiness

of the country, for the line of
drainage. As, however, the drainage flows from
west to east, it 1s obvious that it' 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
places in which wells were found on either side

of the railway’ although not very near it’ there
was no marked or constant difference in the
ground water either side of the
railway. The differences in the spleen rates in
this tract of country cannot, then, be explained
on any theory ©f water-logging, o= interference
with drainage by railways o= roads, although
the natural drainage i¢ certainly bad as in North
Dum-Dum.

Again, it might be thought that the lower
rate 1n the western parts mlght be due to
greater density ©f population, @nd consequently
less few preeding grounds for the anopheles
mosquitoes. With regard to the former it 5.,
be pointed out that there was practically =e
difference in the spleen rate of the dengely
populated western portion of Maniktolla and
the yery sparsely populated and somewhat more
water-logged eastern part of the same place,

both having a filtered water—supply, and other
similar instances could be given. Further, the

the rates of the

it lies across

levels on

great differences in spleen

contiguous wards of the same yyupicipalities in
which every condition except the yater-supply
are precisely similar, which have already been
detailed, cannot be explained = any theory of
varying density ©f population, °* °f mosquito
breeding grounds.

Distribution of the Anopheles Mosquitoes.

The question ©f the relationship of the ano-

pheles mosquitoes to the preyalence ©f malaria
remains to be considered. It must now be

taken as proved that malaria may Pe communi -
cated to man throygh the bites of pogquitoes
which have some days previously bitten another
case of mglaria, but it still remains to be proved
whether this is the only eor even the most
common <cause by which this protean disease is

communicated. The point is one of the utmost

importance ©° Bengal, ome of the principal
homes of malaria, for if the disease  is only
communicated by the bites of these tipy pests,
and they oidy breed in certain small pools,
namely, those which are too small to harbour
fiSh, yet not so small as to\dry up in a day or
two, as Major ROSS states 1S the cage, then py
searching ©out these Dreeding grounds and

destroying the larvje in the pools, we may hope
with Ross to at least rid towns or small areas of

malaria. Unfortunately I have not been able
to confirm these last statements of Rogs, for both
at Gobardanga and at Maniktolla, which are at
the extreme of this tract of country under obser-
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vation, I easily found numerous anopheles larvae
both in tanks and in smaller pOOlS all of which
I\
As 1t was impos-
sible to minutely examine 100 gqygre Miles or so
of this g3rea, I determined to map °ut and closely
search all the pools and tanks in a small area of
the Maniktolla Municipality. The results which
were oObtained are as interesting =2 they were
unexpected. I much regret that 1 have not been
able to confirm Major Ross' observations as to the
very localised and small number of the breeding

places °f anopheles mosquitoes. ©OT the contrary,
I found them ,opv commonly " large tanks,
and that too in spite of most of them swarming
with fish. In faet, in the dry season, when small
pools are few in number, the tanks are the

common  breeding place. Further, although !
found them in two out of three very small pools

(from two to five yards in diameter), and with
but some two inches of water in them, these

contained very mumerous fish.

pOOlS also contained small figh, which during
some time that I watched them did not touch
of the anopheles which floated
temptingly past their noses, although they eat
several small peetles, which they appeared to
prefer. ‘If, then, the larvae can survive in spite
of fish in such tlny p0015, is it any cause for
wonder that they live in tanks?

The question then arises as to whether there
is any relationship between the number of
anopheles and the amount Of fever, in order to
test which I resolved to make a monthly exa—
mination of the some thirty tanks, together
with any poolg near them in a small area of
Maniktolla. These observations will have to be
continued for a yegy, but it gzy be mentioned

here that during the dry season, when malarial
from one-third to

one larvae

fevers were at a minimum,
two-thirds of the tanks have been found to
harbour the anopheles larvae, and that too at
a time when three visits to the local dispensary,
after having given notice that all fever cases
were to be kept for me to gee, I failed to obtain
a single case. Yet of the tanks
estimated to have contained over
larvae, so thickly were they 1ying near the
leeward bank in  pargicylar, Im short, it
would have taken a very large number of the
small pools to harbour as many larvae as one Of
these tanks, so that in this area, at any rate,

the tanks form the principal breeding ground in
It will be

some were

one million

the dry season at gpny rate. . very
interesting to s what happens i the rainy
season, but I may mention that after the recent
heavy rain the larvte nearly disappeared from
the tanks, and enormously reduced in
numbers in spite of several new small infected

pools having appeared, =c that further ocbser-

vations promise to be of interest. .
of the above observations lies

were

The importance ,
in the inpogsibility ©f destroying 2l the apophe-
les larvae in even a very small area in Bengal, for
the thirty tanks mentioned above all lay within



CASE OF CONTINUED FEVER.

Sept. 1900.7

an area of one-sixteenth of a gqu,re mile, and
formed but a small fraction of these of the

very Ssmall munj_cj_pa]_j_ty of Maniktolla, so that
unless some very much more potent method of

destroying mosquitoes is discovered, I fear that
Bengal Wwill not have its malaria much reduced
by Ross' ingenious suggestions. If; too, all
malaria is due to the Ibites of these mosquitoes,
and they are present in such great numbers 11
the minimal fever season, how many will be
found in the maximal fever period and how
. ' ' ! .
great will be the dlfflculty of destroylng them ?

It may be objected that ...~ of the ano-
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 diffi-
culty ©f destroying the really dangerous ones,
if indeed any of them are harmless.

The importance ©f the action of a filtered
water-supply it greatly reducing the amount Oof
malaria, which has been demonstrated in this
paper, 18 enhanced by the great difficulty of
destroying the malaria-bearing mosquito, 3nd

also raises the question a= to whether these
the infection from

insects 5+, mot carry
cases Of fever back to the water of tanks, etc.,
and the disease 5+, not commonly ©e obtained
by drinking such infected water, which has for
centuries been considered to be a frequent
method or medium through which the disease
may De obtained.  This important question <=2
only be settled by experiment, which I hope
Shortly to be able to undertake.

La_st]_y, many charts have been made showing
the monthly number of fever cases treated in
the digpensaries of this area together With the
monthly rainfall. It ppears from these that
the conditions which influence the amount of
fever in different yearg i a general one, for a.ll
the digpensaries Show yery similar curves in
the same year (except when the water-supply
has been materially altered as in the case Of
Garulia) se that some general cause must have
been in gperation. ©On the other hand, there is
no definite relationship between low or heavy
annual yainfall, and the amount of fever, as I
have shown 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 py, Observations on
this point are not gyfficiently advanced to allow
of any definite statement on the gubject 2t
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 gpleen rate in this
alluvial spea

Lancet, March 12th, 1898.
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