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THE RELATION OF VARIATIONS IN THE
LEVEL OF THE GROUND-WATER TO
THE INCIDENCE AND SEASONAL
DISTRIBUTION OF MALARIAL
FEVERS IN INDIA2

Ex LEOKARD ROGERS, M.D., M.R.O.P. Losn.,
F.R.C.5.ExaG.,

STRGEQN-CAPTALN, INDIAN MEDICAL SHRVICH,

Yarous statements are to be found in the literature of
malaria with regard to the influence of rainfall, moistore
in the air, and variations of temperature on the occurrence
of fever, but very litéle on the inflnence of wariations of the
ground-water. Some cobservations were, indeed, made by
Dr. T. R. Lewls and Brigade-Surgeon-Lientenant-General
D. D. Conpingham oo this poiok in Iodia, bubt the
data they collected were from measurements by many
diffarent obszervers and do Eot appear to have been
made sufticiently regularly or for long emough & time
to allow of azy very definite conclusions being based on
them. Waterl g of a scil by & constantly high gronnd.-
water is too wall known n canse of malaria to need more
than a passing reference. It is rather in dry places that
observations are requnired and it is chiefly this side of the
guestion that will be dealt with in the present paper. The
rainfall is to some extent an index of the variations of the
ground-water level, bot only partly so. As is well shown
in the charts in Davidson's ** Diseases of Warm Climatea ™
the maximom fever rate may occuor slightly before, with, or
after, the maximum raioy season; but I sball hope to show
that the differences ln this respect depend largely om the
distance of the proond-water from the sorface befors the
rainy senson begins. Frofessor Lane Notter, in his well-
known book on Hygiene, correctly remarks that * tha
development of malaria may be coonected either with a
risa or fall of the ground-water.” Hirsch in his * Geo-
graphical Pathology " writes : *"In the most intensely
malarions spots of the tropica the prevalence of the diseasa
is. generally associated in a most marked manner with the
rainy season. The fever makea its ocppearance with the
commencement of the rains and lasts the whole period. If
the rainfall be not excessive, it reaches a maximum nsually
when the rain ceases and continoes with decrensing extent
and virnlence until the setting in of the cold season." Thia
agaln is generally troe, buot with considerable variationa in
diferent places; and these varintions, I believe, depend
chigfly on the depth of the ground-water level and also to
some extent on the natore of the soil, eapecially in relation
to its power of retaining moisture. It is more especially in
countries where there is an absence of mearshy or water-
logzed soil that our knowledge of the factors which infnenca
the occurrence and distribotion of malarial fevers is defec-
tive, Chota Nagpur is mentioned by Hirach as one of the
exceptional places whers malarial fevers prevail on a dry
#oil in the absence of marsh or waterlogging.

In 1835 I commenced a series of observations for tha
purpass of to ascertain the causes which infiuenced
the seasonal incidence of malarial fevers in the dry distriet
of Chota Magpur. My observations were made in Doranda,
the cantonment of Hanchi, which is the headquarters of the
district. This place is sitnated on a dry, porons soll and is
2000 ft. above the sea level and my observations were made
on some 400 men of tha 11th Bengal Infantry, who all lived
in lines on & amall area of gronnd. Mecords were made of
the maximum, mirimom, and ground temperatures (the
latter at a depth of 6ft.), the rainfall, the molsture in the
alr, and lastly the level of the water in three wells which im-
mediately surronnded the lines, taken twice a week by means
of & float attached toa metallic tape. The average of the dis-
tance of the water from the sarface of the gronnd in the thres
wells was taken to give the level of the ground-water beneath
the linea in which the men were living. Notes were taken
in shorthand of each man who came to hospital with fever
and the day on which be first began to suffer from it was
poted. The bleod of the majority of the cases was examined
for the malarial organism, and 182 freqnent discovery, together
with the precisely similar charaster of the symptoms in

L A paper read beiore the Epldemiologizal Seciety on Feb, 15th, 1852,
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all the cases, proved that they were really malarial in thei
nature. The faver season in this place is the raioy senszcm,
which lasts from the middle of June to the middle of Octobher
as @ role, but varies somewhat in different years. More
than 80 per cent. of the yearly fever occora ab this time.
Duoring the cold weather and the hot, dry months there
is very little fever and doring these months the ground-
water level waa from 251t to 35fk. benonth the sorface
in these lines. In 1895 the raipy sepson bepan aboot the
middie of June and doring the latter half of this month very
nearly 10in. of rain fell. The air, from being very dry,
became snturated with moeistore, the temperatore fell some
15° and wvaried very rapidly, falls of 25° havieg been
registered within a few hoors. In short, all the atmospharic
conditions were altered but thers was no increase in the
fever-rate over that of the previons dry hot month of Juna,
The woter-lavel only bad not materlally changed—that is to
say, it had only ricen from 35 ft. to 28{t. from the surface,
being atill too low to affect ths fover.rate.

The subsequent course of the fever and grovnd-water
variations ara shown in ChartI. The upper curve shows
the wvariations in the level of tha ground - water, while
the lower curve illustrates the wariations in the average
number of fresh cases of fever in the same periogs.
From dJuly 4th to 13th there was & very heavy rainfall
and the water level rosa from Z8{t. to 15-5ft. frem the
surface. At the same time the fever-rate first began to-
riss, 2o that the daily average of fresh cases was 2'16,
or fifteen cases in the week, instead of only six cases in
the whole of the previous month. Then thers waa a slight
break in the ralns and the water fell 7in. in the next
period, which is practically only a cessation in its rise, bot
immadiately the fever-rate fell to one case s day. Then the
water rose rapldly once more and with it the faver-iate
increased up to 2'5 cases a day, only to cdecline again withk
the mext fall in the water-lavel, dorlng the first week in
Angust. Once more the water rose until it was only 5i ft.
below the surface of the ground on Aug. 18th—that is, a total
rise of mearly 30 ft. in eight weeks—and again the fever
rose until the average daily oumber of cases reached three,
the highest rate for the whole year. Daring the next
month there was but little rainfall and both the earves
steadily declined. In the third week of Heptember, how-
aver, there was a fall of 5in. in two days; the water leved
once more rese and was again accompanied by a rise in the
fover-rate. After this the raips practically ceased and the-
water fell steadily, with the exception of a very slight rise
when it was 13ft. from the sorface, which was apparently
too small to influenca the fever ; and when it had receded tc
17 ft. the fever ceased, During the next year chservations
were taken for me in the same manner Bargeon-
Lientenant Wilson, of the Indian Medical Bervice, and a
very similar chart was obtained which [ unfortunately lefc
behind in Indian: bot I have obtained forther confirmation
of the relationship between the rise and fall of the water
and that of the fever in some tea-gardens in Assam, which
I shall come to very shortly.

I musk first, however, explain Chart II., which illustrates
the monthly fever-rate and the menthly rainfall over & series
of ten consecutive years in the same place and among the
men of the several regiments who successively lived In the
same spob.  ‘The first and third lines illustrate the fever-rate,
while the second and lowest show the rainfall. The genernk
relationship between the two will be at once apparent, while
a closer skudy reveals several points of interest. In the first
place, it will ba observed that while the rains nsnally begin
in the month of June the fever does mok increase to any
extent nntil a month later. This is doe to the fack alrendy
mentioned, that the water is alwaya some 35 ft. from the
surface of the ground at the commencement of the rainw
season (and was still 28 f&. down at the end of June In 1895
althongh 10in. of rain had fallen), so that it i3 not until
there has been heavy rain in July on the top of thak of
Juge that the ground-water rises high emowgh to infiluence
the Fevar-rate. condly, it will be noted that in the years of
exceptionally heavy rain, such as in 1887, 1854, and 1895, the
iever is also unusoally great; while in the years 1890, 1851,
and 1832, when the rainfall was deficient, the fever-rate was
alzo very low. But in addition to the absclote amounnt of
the rainfall, the regelarity or otherwise of ita distribution
exercises an importans infleence on the rapidity and extent:
of the variations of the grownd-water and so on the amount.
of fever. Agaln, the amount of the rainfall in the seven

morethe precedicg the regular raipy seasom will have somer
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efect in eo far as it infloences the level of the water at the
Hegioning of the rainy eesson, for if it be then highber than
pormal = given guentity of rain will have a greater effect in
raisiog the water level pear to the surface of the ground. |
All these factors, bowever, act by causing a pgreater
or less variation in the water level and sll the differ-
.ences in the smount and distribution of the fever in the |
<years illustrated in the chart can be explained by the
combination of these wvariome faetors in different degrees. |
Thus in the vears 1886 and 1895 both the rainfall and fever
zate were pverage ones.  In 1887 both the rainfall and fever |
wata were beavy, but the former began very early—namely,
<n May—and, for the reasons already given, the fever did |
mot increase uotil July., On the other band, the raips
ceased very early, there belnp unusnally littlo in Beptember,
.apd the fever season was also a short ome. In 1889 the |
rainfall was unevenly distributed, but its total quaniity
was pot large and the fever was abouk the average. In |
1200 and 1891 both the rainfzll and fever rate were low.
im 1892 there was a remarkable absence of the usual in-
crease in the fever duriog the rainy season, which at first
sight seems to form ap exception to the rale which I am
fllustrating, but on lockiog a litdle more closely it will |
be found to form 2 troe example of the maxim that it is
the exception which proves the rule, Thus in the first |

this particular place the amount of fever waries in propor-
tion to the amplitude of the variations of the gromnd-
water lavel, and the first chart points to the relationship of
the rise and fall of the ground-water level to the increase
and decrease of the incidence of the fever being so definita
end constant that the two must be causally coppected.
The amonnt and distribntion of guch fever as occurs in
the dry first half of the year remain to be explained.
That the smzll rainfall of this period does not ipfluence it
iz eeen from the fact that in the first half of 1803 there
woa more rain than osoal but very little fever, while, on

little rain bot & pood deal of fever. Nor would it be
expected that there should be & relationchip between the
two at this time, for the water-level is always from 25 ft.
to 35ft. down during these months. If, however, the

| the other band, in the same months of 1880 thera was

{ amount of fever in the early dry months of one year be

compared with that of the previous rainy season it will be
found that the two are in proportion. For example, there
was more fever than usoal in the early part of the years

| 1B8E and 1894 in correspondence with the high fever rate of

the preceding years. On the other hand, there was very
little fever in the early part of the wears 1801 ard 1B93 in
relation to the low rate of the two previous rainy eeasons.
The years 1889 and 1885 are apparent exceptions, but onca
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Chart showing the variations [in the level of the ground-water and the incidence of fever during four months at Chots Nagpar.

oieee, it may be pointed out that there was exceptionally |
Litkle rain in the early months of the year, while the ralns of
the previsus year had both been deficlent and bad ceased |
~very early, there belng no rain whatever in October, a most
aunugual ocenrrence. Then the rainfall of 1892 was below
the average ; and, thirdly, it was most evenly distributed in
the different months, so that less than 1Ein. fell in any |
one month, The water-lavel mnsd therefore have been very
low at the beginning of the rainy gepson of this year and
the rains when they came were both deficient and very
-evenly distributed, so that it is obvious that all the factors
which make for & low and constant water-ground level were
present daring this year, apd it is certain that of the whele
ten years the water must have remained furither from the
=urfece of the groupd and have varied less in this than in
any other year of the series.

In 1893 the rainfall was very heavy and the fover rate |
proparticpately so, while in 189 we have the preclsely |
woppesite chameters to thoes of 1852—namely, both a very
heavy and a very unevenly distribnted rainfall, over 19 in. |
Daving fallen io both July and August. The consequence |
was that in this year there waz the highest fever rate of
any, the water-level heving risen g0 high that it fowed oat |
of the mouth of one of the wells. It may then be said that |
these charte comfirm the previous ome in proving that in

| durda

more they are of the kind which prove the rule, for in these
two years, as well 25 in 1802, a new regiment came to the
station early in January and the following figures show that

{ the amount of fever that they suffered from in the early

part of the years mentioned was in proportion to the fever
rate among them in their previons station, even when that
was in & different province :(—

_——— e

i
| megiment. | BORChel | previous sations, | Fomepfever | FOer,
|
Eth Bengal | Januvary, | Barrackpors and ”
Tnfantry. | 1%;:"5' 1::1::‘1::;..;?1:; T q.,:: por 1000 o8
12th Bengal| January, | Benares ... ... | 2671 per 10CO £
Infantry. 1232, |
11th Bengal | January, | Bareilly ws o 116°3 per 1000 | @
Infantry. 1585, |

I} L] e e —

The chvious explanation of these facts ia that the cases
which ocenr at the time of the year when the water level is
low are relapses from among those men who were attacked

the preceding rainy eessom, This I found was
actually the case in the early part of 1896 in Doranda, for
although only 25 per cent. of the men of the regiment
suffered from fever in the rainy seacon of 1895 yet more than
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ehrec.quarters of those who had it in the early months of
r885 had enfered from it in the previous rainy seazon and
enany of them bad had more than one relapse. The incidence
of malarial fevers at this epot at different seasons of the
sear has, then, been satisfacterily explained; but before
'p.u.ssing on to my observatices in other places I must men-
tion the important fact that at the very time that the
ground-water bad risen to within 5 ft. of the surface of
<he groond in the lines occapied by the regiment under
observation it was 25 k. down only 200 yards away and its
great rise under the lines was doubtless due to the fact
tont there was a road along one eide of the area which
enaterially interfered with the flow of surface water from it.
1 have no doubt in my mind that had the lines been situated
on the ground where the water always remained 25{t. or
more from the surface there wonld always bhave been as
Jittle fever among the regiment as there was in the
.g;ggpt.iumlly dry year 1832, At my suggestion it was
proposed to drain the lines more efliciently, but for financial
reasons it bad not been carried out when I Jast heard from
che medieal officer of the station, &0 I cannot report the
wesult of this measure. This fact (and I have had similar
<xperiences in other places) is of great importance in .;:mring
bow very local are the condidons which infleence the
ozenrrence of malarial fevers; but I shall discuss this
point more fully after I have given another instance of it
gresently. ; :
XNow the Inslance which I have jost given of the distribo-
¢ion of the fever in Doranda is at one extreme end of the
scale—namely, that of a very dry scil accompanied by a
water-lavel which is very low during the greater part of the
vyear, bot rises very rapidly duering the rainy season. The
other extreme is seen in many of the districts of lower
Blangal, which form part of the great delta of the Ganges
| aod Brabhmaputra rivers. The greater part of these districta
are under water doring the rainy season and at this time
| =be fever is at a minimum. When the rains have ceased,
however, and the satorated groond begins to dry up
again the fever season attains its maximum. Moreover, the
ground-water iz within a few feet of the serface throughoat
the year and malarial fevers pravail to a considerable extent
| o every month of the year, being much more evenly dia-
¢ributed than in Doranda and other similarly situated
| places, In this case of the flooded disiricts the meximum
Jever-rate occurs during the drying.up of the satorated
soil, doubtless owing to the rapld evaporation of moistore
drom the groond carryiog up the malarial orgapizma into
the air, wnen they are breathed in by the inbabitanta on
| ot near the drying-up groued. Moreover, the ground-water
| 1s always sufficiently near the sarface to allow of evaporation
| going on in tha same way throughont the year, althomgh to
| @ less extent than just afier the floods have subsided ; and
| =0 fever is constantly present to a considerable extent and
i3 never absent for long periodz, as in places whera the
| .gronnd-water rapidly recedes at the end of the rainy sepson.
“This also accounnts for the fact which I have obeerved—
mamely, that malarial cachexia is much more common in
‘these water-logged places than in the dry ones with low water-
lavel, becanse in the former frequent re-infeclions may take
| @lace in the same persons throughout the year, while in the
| latter there is little or no infection except daring the four
months' rainy season, and although relapses may occur they
ugually ceasn long befores the cext ralny season ensues and so
-cpmplete recovery takes place befors re-infection is likely to
| -occor. Between the two extremes of the very dry places with
| &low and varying ground-water in which, I believe, infec-
tion takes place by the malarial germs being carried up by
the alr which is displaced by the rising ground-water, as in
Doranda, on the one baod, and the water-logged and some-
times fooded regions of the Gangetic delta, where the in.
| vection takes place by the organisms belng earried up into
the air by evaporation of molsture from the seil, cn the
other hand, there are intermedinte places in which both
factors play s part in inflzencleg the distribotion of the
| Terer. These places are, In fact, by far the most common
and also present the most complicated problem, for it is
obvlous that the two factors may be present in ever-varying
proportion, while the denseness or otherwise of the soil will
| play an jmportant part in infloencing the amount of
motstare which it will retain and the rapidity and extent
of the evaporation which takes place from it.
Darlog o year which T epent in Assam Investigating the
l epidemic mularial fever of that provinee, which is logally
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of the ground-water were being taken for me in tha
different districts by the Government, while I was also
able to study the incidence of malarial fevers in relation
to the variations of the ground-water in the coolie lines of
geveral tea-gardens through the kiodmess of Mr., Dedds
Price and Mr. Lavertine, tes-garden practitioners in the
Nowgong district. The data wera oot gunile so accurate as
those which I obtained im Doranda, as the exsct day on
which a coolie came to hospital after getting fever was to
some degres dependent on his chances of making extra
pay, &c. However, ampie evidence was oblained to ghow that
in those places where the water was some copsiderable
distance from the eorface before the ruiny sesson com-
menced the fever roge and fell with the rises and falls of the
ground-water, just as it did in Doranda, bat as the water was
in no cage o far down to commence with in the Assam
instances as in Doranda, the fever-rate increased during the
firet month of the roiny seacon, as the water quickly rose
sufiiciertly to influence it. That this rise was doe to the
variations of the ground-water and not to other cauees, such
a3 chaoges in the temperatuore, &c., was proved by the fact
ihat in one inetance, in the case of two coolie lines situnted
ooly some 300 yards apart, and in other respects similarly
placed, there were three rises of Loth the water-level and of
the fever-rate in one of them, while in the same period of
time there were only two rizes of both in the cther line.

Aganin, it was found that there was most fever in pro-
portion to the number of inhabitants in those lines beneath
which there was the greatest and most rapid variations of
the ground-water and least in these in which it was most
constant in its level. To give an example. In a certain
tea-garden there were three coolis lices side by side, but
separated from each other by a parrow lake between the
upper and midéle lines and by a deep depression between
the middle and lowest line. Measurements of the water-
level in the wells of each line were taken for me twice
a week and the fever-rates inm the three lices recorded.
Duaring the mooth of Joly a lot of rain fell and there was
a corregpondipg rise of the ground-water and an incresse
io the prevalence of malarial fever. The three lines, how-
ever, differed considerably in both the amplitude of the
variatiops in the water-level apd in the oumber of cases
of fever in proportion to the pumber of inhabitants of the
respective lines, Thus the upper libe was situated om
ground which was eome 10 ft. higher than the other two,
which were on just the eame level, In this upper line the
water varied doring this month from 21 f&. to 12 ft. 8 in.
from the surface of the ground apd the fever was less than
in either of the other lines. Io the lowest line it waried
from Z2 ft. to 8{t. Tin. from the sorface and the fever-rate
was somewhat higher than in the first lipe. In the middlae
line measurements were taken of three wells, two of which
were eitunted within a few yards of the edge of the tank
while the third was fifty yards from it. In the first two the
water rose from an average of 14ft. to ooe of 41t 6in.,
whila tha third varied from 15 ft. to 8 ft., clearly showing the
fofluence of the taok in raising the level of the ground-water
beneath these lines and especially of the part nearest to ik
It will also be noted that the water rose nearer the surfacae
in this line than it did im either of the others and in
accordance with this the fever-rate was two-fifths greater in
thiz line than in either of the others. Oa my recommenda-
tion it wae decided to lower the water in this tank by some
8ft. or 10ft., but I have not yet heard tha resmlt of the
measure, although it could bardly have been ctherwise than
a favourabla one. This, of course, ia but an instance of &
well-known law, but the accuracy of the data and the very
localised wariation of the faver-rate in accordance with that
of the water.level lend some interest to it,

It was also found that in places where the ground-water
was at an intermediate dietance from the surface before the
onset of the ralos, eay, from 15 [6. to 25 ik, and the soil was
a heavy one which ietained a good deal of moisture, then
there wonld first ba a rise in the fever-rate with the rice
of the water and a fall with the ensuing fall of the water;
bot if there was then a slight break in the rains and the
water-level continued to fall slowly from evaporation of the
ground-water, which was slill only some 10ft. or 15ft.
down, thera wounld be snother rise in the fever-rate, just as
occors when flooded ground ia dryiog up. Hers we have an
instance of the two factors successively acting in the sama
place. Chart III, flustrates this point fairly well. [t will
be noticed that there were great and rapid varizstions in
the water-level bere nond that conrespondicg with them,
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oply often a few days later, owing to the incubation period

of the fever, there were rises in the fever.rate. Ferther,
during the break in the raios cor
fall of the

ground-water between Joly 21st and 31st,

and again during the final steady fall at the end of tha  situated some ten-gardens which sre remarkably free from

raing from Oct, 9th to Nov. 3ed there nre rises of fever
corresponding to the times when evaporation from the heavy
moist soil would bave been taking place. The irregularity
at the end of the curve is partly due to the complica-
tion of relapses, which are most frequent at the latter |

AUGUST SEPTEMBER

—_—————

exception to the rule that the foot of high hills is very

| malarious, which I met with in Assam, lends some suppork
ml}mnﬁing to the slow |

to this view. In the north of the Mangaldai district,
immadiately at the foot of the Himalaya Mountains, are

fever. On inguiry I found that all the streams from the
mountaina in this place disappear at the foot of the hills
into a szndy soil and appear again alopg a Jing just beyonc
these gardens. They evidently run into a subtermnean
basin, which must keep at a mnearly constant level, and in

CHART 3.

OCTOBE R

1
HOVEMBER |DECEMBER

Fl
-

e
-
e
o s i o
LT TP

ar,

e
e
EF S s

£,

= ..ﬁ Ground Water Curve,

L]

Average daily new Fever Gages

A Ground Warer Gu’rvﬂ.
8 Fever Curve.

I

-
: B Faver Curve. *° 1
CeAERT 4.
E AUGUST SEPTEMBER| OCTOBER [
A ' 8
-2 a
a2 }
E o .
w 4 I,-'; E
t 1 ll
s 6 B A i
= ¥ ! -
: ¥ L] : : z E
s | A 0y o
- :: : 1 : 1 W
- . P oA B i E
L [ X = [} . N RN i i =
) e e
ig '|'|| -‘ ‘il: u’I E ‘3:1
.t Al 3
=
e
5
=

Charts llostrating the relation of fever incidencs (Kala-arar) to ground-water in two Assam tea-ganlens.

part of the fever season, It is worthy of note that the |
fﬁl‘d&n on which these levels were taken is siteated at the |
ook of some low hills and is a miniature example of the
conditions which obtain in teral regioms, such as the foob |

of the Himalaya Mountains, and I would suggest that the |
potorious uchealthiness of such regions is probably due to
the extremely rapid and great variations in the water- |
level in those parts, A curions example of ac apparent .

one of the linea situate within this aren it was foond thab
the level of the ground-water as measured in the wells varied
very little and this fact accounted for the absence of the
amoont of fever which might have been expected in such a
teral region.

Chart IV. illustrates the pround-water and fever curves on
a garden situated coly some twenty miles from that of the
last chart, bat it presents just the opposile characters. The
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gﬁm
opper lice represented the water-level a._nd it wgi!l ba seen
that it was remarkably constant only baviog waried between
& ft. and 10 ft. from the surface. The fever also vories mach
jers than in the prévicus chart and although there is a rise
with the main rise of the water-level, yeb the greater part of
the fever occurs duricg the drying up at the end of the rainy
geason when the water is slowly einking, Here, then, the
main fector is tho evaporation from the saturated seil duriog
the drying up. In Dibrugarh, which is the most easterly
part of Assam, the water-level vwaries between 20fs, in the
dry cold weather to 5ft. from the urface in the middle of the
rainy season, the annual rainfall aversging about 100in.
The fever increases with the rise of the water, but is also
bigh when the eoil is drying up after the rains are over,
the fall of the groond-water being slow and steady at this
¢ime, boih factors again coming into play at different parts
of the year. In the Panjanb the fever occors mostly after
the rains, but I bave no obeervations on the ground-water
level here except in Enoou on the frontier, In this place
the water is more than 50 ft. from the surface even in the
rainy seaton, but ib must be remembered that there are no
regular rains here. The whole place is, however, irrigated
and fever is often seen when fields which have just been
4rrigated are drying up. Most of the fever oconrs on the
beginning of the cold weather, when there are great falls
in the temperatore at night, and is commonest in those
who sleep out in the open air and so get chbills. This is
probably due to such chills coming at just the very time
., when the system is at its lowest daily ebb, allowing any
plasmodinm malariz which may gain access to the body to
=uccessfully run the gauntlet of the white blood corpuscles.

So muoch for the facts that I have to bring forward.
1 have already mentioned that I believe that the incidence
and seasonal distribotion of malarial fevers In most places
of India can be eéxplained by taking into account both
the rainfall and the variations of the ground-water level,
SBuch cases as that of Doranda—in which the entira distri-
butien of malarial fever Is dependent on the organiems
©eing carried up into the air by the piston-like action of the
rapidly rising groond-water end where the factor of their
belog carr up by evaporation plays little if any part—
ounly eccur in places situated on a rapidly-dryiog and porons
=pil, accompanied by & ground-water which Is very low for
the great path of the year but varies rapidly doring the rainy
«eagon. This rapid variation of the ground-water level is of
great importance in explainipg the occurrence of faver in
<iry places where thers is no marshy ground. It algo enters
dargely into the causation of fever in places wilth an inter-
mediate and varying ground-water and has least influence in
places with a constantly high ground.water, in which the
Factor of eveporation plays by far the largest part.

There are two other paints which I wish to refer to which
are of considernble imporiance both from the practical and
the theoretical standpeints, They are, firstly, the strictly
iocalised action of the veriations in the ground-water lavel ;
and, secondly, tha light which their dlscovery throws on the
mmanner jn which the infection of malarial fever takes place.
Instances of the former have been given both in the case
of Doranda and in that of the variations in the fever.rate
in the three parallel tea-garden lines. In the first instance
there was very little in the conformation of the ground to
suggest the great difference in the variations of the ground-
waiter in the areas, which were bot some 200 yards apart
and the surface levels of which did not differ by more than
3ft.or 4ft. Yet in the one spok the water rose to within
Sfk. of the surface, while in the other it remained 25 ft.
down., It i3 well known that sites for camps and cantom-

| ments which have been eelected by medical officers as the
| most suitable have bhad to ba sobeequently abandoned
cwing to their proving to be wery malarious. I wonld
auggest that before choosing between two or more appa-
rently favourable sites, if a well were first sunk and the
varistions of the waterlevel recorded during the ralny
feagon—or, beiter, for a whole year—it would be found
that the one in which the water-level wea lowest and
varied least would prove to be the least malarious ; and it is
| possible ‘Lhﬂt large sums which have before pow been spent
in building barracks which bave afterwards had to be

| abrondoned on account of their ucheslthiness might be
€aved. Again, such measurements may point to deficiency
ef sorface draioage which was not previously apparent, as
| was the caso in the Doranda lines and the tea-garden
| tanlks, the remedying of which might prevent much fever.
| Gecondly, it is evident from the two instances just

=SS eI

referred to that the infection aroze from the very ground on
which the houses of the regiment apd of the coclies
regpectively wera built. There is no necessity or reason to
suppose that the infection was carried by mosquitoes or
any other such medium, The first chart that I bave shown
can only be explained on the bypothesis that the rise of the
ground-water displaces the air from the interstices of the
ecil and caoses the malarial organiems which live in the
earth to be carried up into the atmosphere, whem they
are breathed in by the persons living over the affected
ground. The infectien probably takes place chielly during
the night, when the powers of resistance will be lowest. In
the case of dryiog-up ground or marsh, again, the infection
will be through the air, and I am of the opinion that this
mode of infection in malaria is & eral one, although it
is undoubtedly true that the disease may also be conveyed
throogh water. The fact that all the water in mary of the
gacls of the Ponjanb was for several years boiled withook
any diminotion of the prevalence of malarial fevers also
points very strongly to infection through the air beipg far
more common than that through water, while &1l the facts
already given poict in the same direction. Any malarial
organizms which may be breathed into the lungs have only
a very thin layer of tissue to traverse in order fo obtain
access to the blood, where they live and multiply. It has
rocently been stroogly urged, especially by Dr. Patrick
Mangon, that these erganisms must in some way escape
from the body to pass throogh an exztra-corporeal part of
their life-cycle. This is very probable, although in the case
of ordinary malarial fevers it is equally possible that the
germs, which are so widely distributed, may have a complete
existence ountside the body and are, =0 to speak, only
facultatively parasitio. :

In the case, however, of the epidemic communicable
forms of malarial fever (fuch as I bave recently shown
the Assam disease, locally known as under the nama of
Kala-azar, to be), it is guite certain that the plasmodium
malariz must in some way escape from the body of one
person and gain access to that of another, either directly
through the air or—as [ think is more frequently the case—
after geipg throogh the soil. In this way only can be
explained the manper in which & man contracts the fever
while liviog In an infected village, and after returning
to his own uninfected =i.lla.iu whila still suferig from the
fever members of his bousehold first get it and afterwards
others in the village are affected. will pot dilate om
this point further in this paper, as I sball be readicg one on
this epldemic malarial fever befora the Royal Medical
and Chirurgical Bociety very shortly, but wish to soggest
& poesible method of Infection in malarial fevers which
will explain all the facts that I am acquainted with.
It §s this. If malarial fever may be contracted by
breathing in the malarial organisms, why should they
not be also breathed out agein when they bave com-
pleted their work in the body! They bave only tn}mn
back agein into the alveoli of the longs and they will be
able to escape from these organs more easily than they
entered, for the cilia of the air pacsages will assist their exit,
This simple theory seems to me to be much more likely than
the elaborate mosquito theery, which is largely based on an
analogy between such widely diferent constituents of the
animal scale as the plasmoediom malariz and the filaria
ganguinis hominis, while it is alee, I think, more in conso-
pance with the known facts as to the incidence and eeason-
able distribntion of malarial fevers. However this may be,
it ie rather the more practical polnts of the very frequent
dependence of malarial fevers on purely local and often
removable variations of the ground-water level on which I
chiefly wish to lay stress in this paper and I hope that the
evidenca I have adduced will afford material for an
interesting discusslon.

WesteurY Corrace HospiTAL. — A general
meeting of the Westbury (Wiltshire) Diamond Jubilee
Hospital Committce was beld on Feb. 2nd. The financial
gtatement eshowed that the eubscriptions amounted to
£455 and the expenditure to £451. Oa the motion of
Lerd Ludlow & hearty vote of thanks was awarded to Mr.
and Mrs. Laverton, who had realised £129 from a eale of
work by which the bospital was completely furnished and
£20 were handed to the medical etaf for purchasing
necessary appliances.






