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INTRODUCTION

THE only vital statistics, collected in the United Provinces so far
consist of the registered figures ot births, deathsand a few of the impor-
tant infectious diseases. The unreliability of the figures of births and
dcathsreported, has been stressed from time to time by various schools
of experts on health in India. Both the Royal Commission on Agri-
culture and the Royal Commission on Labour in India drew pointed
attention to the defects in Indian vital statistics and laid considerable
emphasis for effecting their early improvement.

2. Inthe rural areasof the United Provinces which constitute roiﬁy
88 per cent. of the total population of the Province reporting of events
is mostly unsatisfactory. The reporting of events of births and deaths
in these areasis not obligatory on house-holders and our reporter isthe
illiterate and ill-paid Village Chowkidar, one of whose many duties is
to report at the Thana births and deaths from various diseases occur-
ring in hischarge twice a month on fixed dates. Thus overburdened
with other duties he naturally seems to regard the duties in connection
with registration of vital statistics as of relatively smaller importance.
The fact that registration of births and deathsisnot compulsory in
the rural areas, coupled with the fact that our chowkidar is illiterate
and ill-paid, with many other responsibilities to discharge, leads to
serious errors of omissionand commission in the number of births and
deaths reported. In this connection it may be worth while to recall
that the Population Data Committee in their report in 1945 have
calculated the range of under-estimation of birth-rate at 40-50 per cent,
for one of the areas in India where better facilities for registration
are available and in the case of death rate the estimated range is even
higher, viz., 35-55 per cent.

3. It would thus be seen that in the absznce of certification of the
registered cause of death by a medical man, the Village Chowkidar
being ignorant of the signs and symptoms of these diseases often fails
to report the recorded cause of deaths correctly, in the case of almost
all communicable diseases excepting cholers, plague and small-pox.
This is firstly because the common villager is generally familiar
with the signs and symptoms of the diseases cholera, small-pox
and plague more so when theyoccur in epidemic form and secondly
because of the standing orders of the Director of Medice] and Heslth
Services, United Provinces, that Village Chowkidars shall report
in their respective Thanas primary outbreaks of cholera, plague
and small-pox immediately after their occurrence with details
of the number of persons attacked or dead, whether such persons
were local residents or visitors. Subsequent deaths from these
diseases are, however, to be reported by the Chowkidar on his usual
fortnightly attendance at the station. Failure to comply with the
ordersand instances of delayin the submission of the reports are
t0 be broughtto the notice of the officer concerned for disciplinary
action. Thus immediate reporting of events by the chowkidars
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reduces by far the possibitity of errors of omission which he is likely
to commit otherwise, by trying to remember events (being generally
mnable to record such events on account of his illiteracy) of deaths
and births during a fortnight till his fortnightly report of such events
"at the Thana on scheduled dates. '

4. Tt is mainly for the coiparative reliability of the statistical re-
ports of the epidemic discases, cholera, small-pox and plague which
form an important part of the vital statistics of the United Provinces,
that these alone have been selected for the purposeof study. Although
the individual figures would naturally be subject to certairt percentage
errors, the recorded figures are likely to give a fairly clear indication
of the trend of events. ‘ ‘

5. One of the main objects of the statisticel examination of the
martaliry data in respects « f the diseases has been to enable us to
"find ous whathar on the whole mortality from a particular disease hasg
a declining or a rising trend, whether the discase under examination
oxhibits any my-ked seasonal periodicity and locateas for as possible
for such a dissase, the districts of high mortality in the Province
and finilly sugzest wherever psssible means for eradicating them.
Tt is obvious th1t answers to these gquestions would provide the field-
worker in the Pahlie Health Departmont with a poweiful weapon to
combat these diseases, pirticularly in the districts of high mortality.
Attempt his been made in the following pagesto answer these pro-
blems by subjecting the data over a period of 40 years, 1906—45, to
statistical analysis (details in special cases explained in the appencix)
and in this due consideraticn has been made of the changes in the
meathods of exleulotion of death rates after 1941, In fact caleulations
- afier 1941 have been made on the same lines as befcre that date to
maintain uniformity. My thanks in this connexion arc due to Di. A.C.
Banerjee (Director of Medical and Health S-rvices, United Provinces)
and his staff for kiadly placing at my disposal all the annual
reports of the Department of Puabiic Health during the period
under investigations. I am indebted to Mr. Kunwar Kishen (Statis-
tician to Director of Agriculture, United Provinces) for his valuable
sug restions on certain aspects of the problem and also to Dr. Chandia
Sekhar (Statistician, Health and Hygiene Institute, Calcutta)
with whom I disecussed epidemic investigations in general; when  he -
last visited Lucknow. - -



RESULTS OF ANALYSIS
{a) Percentage Moitality

In table I is presented the deaths during any year for each of the
three diseases cholera. small-pcxand plague, for the F rovince expressed
as percentage ¢ f total deaths from all causes during the year for the
yoars 1906—45. In column 6 of the table is shown the sum total of the
percentage mortality due to the three diseases for the years 1906.—45.
A glance at the table would show that the percentage mortality from
cholera wags highest during 1921 (which was the year of highest mor-
tality on record for the Province during the period under examination),
viz., 834 per cent. of the total deaths from all causes for the Province
and lowest during subsequent year, viz., 0-20 during 1922, In
the case of small-pox the range was 0-05 per cent.—2'39 per cent.
the highest percentage figure being attained during 1908, which was
perhaps the mcst fatal year of mortality for the Province. For
plague the range of variavion was sufficiently wide, viz., 0°36 per cent.—
15'88 per cent. the highest figure (£ 1588 per cent. of the total deaths
from all causes being atteined during the year 1907 which wae an
acute epidemic year for the Province. The total percentage mortality
from the three diseases wasashigh as 21'42 per vent. during 1911, i.e.,
about cne-fifth of the total mortmlity from all causes and as low as 2:06
during 1942, i.e., 1/50 of the tots1 mortality. The mean percentage
mortalities over the period for the three diseases cholera, small-pox
and plague were respectively 2-97, 069 and 3:76 per cent. the total
forthethreediseasesbeing 7-42 per cent. or roughly 1/14 ofthe mor-
tality from all causes.

TABLE 1—Annual moriality from cholera. small-pox and plague
expressed as percentage of total mortality from all causes in United
Provinces during 1906—45.

Serial Tatal of

RO. Years Cholera | Small-pox| Plague 03:.: h.l;‘n?
1 B 3 ¢ 5 (i
1 | 1906 804 072 3 74 12° 50
2 | 1907 1° 08 1'08 15* 88 18° 04
3 | loog .. .- : 3-32 2' 38 0-91 6 62
4 | 1909 123 032 2°14 3-69
5 | 1910 . .. 556 0°05 8° 56 14-17
6 | 1911 .. .. 5-58 € 07 1877 21-42




Serial
no.

Total of

Years Cholera | Smallpox | Plague | columns

3, 4,5

2 3 4 5 6

1913 . 1°34 0° 23 819 9° 76
1913 . 370 0" 49 6°60 10°79
1914 206 114 663 9'83
1915 .. 642 017 413 10°72
1916 ) 241 0°10 3'56 6' 07
1917 .. 1-21 0°11 7-28 8 60-
1918 . s 11 007 £53| TN
1919 417 0" 55 0°89 5°61
1920 ) 0" 40 0°35 1°42 217
1921 ) 8" 34 0° 08 134 9° 76
1922 .. 0 20 0" 04 2' 04 228
1923 0.26 0" 09 6" 97 7°32
1924 . 528 0-21 438 9- 82
1925 0" 69 0'85 | 436 5' 90
1926 ) 0" 52 1°04 502 853
1927 . 2: 74 0°75 1'51] 500
1938 . 410 0°29 737 11°76
1929 402 1°0; 342 9-11
1930 . 496 0° 88 0°88 672
1931 .. 2-37 0" 26 2-37 5" 00
1932 . 0°90 0" 27 1-98 315
1933 ) 0° 2l 1"07 1-07 233
1934 . 247 1°16 3'66 729
1935 .. 0° 83 218 1°90 | 493
1936 0 62 1-33 06" 6 2'61
1937 ] 0" 61 0'33 234 3-28
1938 . 565 0-35 108 | 7 88
1939 ) 2' 47 0" 91 1'55 5°33
1940 .. 2-48 1'52 1-10 519
1941 . 493 124 0" 36 6" 53




. Totnl of
S::.al Years Cholera | Smallpox | Plague columns
3, 45

1 2 3 4 & 8
37 1 1942 . .. 076 043 087 2°08
38 | 1943 234 0" 52 0" 08 3" 54
39 ) 1944 394 0" 96 1" 44 614
40 | 1945 .. . 707 201 1'27 10" 35
Mean 297 069 376 742

2. Itmaybe irteresting toobserve thatthetotal percentage mor-
tality from the three diseases shows a somewhat declining tendency
with years. The percentage mortality figures have been plotted in
graph. 1,and A, B, and C represent respeotively the percentage
mortality curves for choleia, smail-pox and plague. Thecurves A,,
B, and C, represent respectively their general tendenc-es (as cbta:zed
bymcving averages). It would appear frem tbe graph C; that
Percentage mertality frem plague, hasa visibly decliring tendency
shewing thereby that the share of plague in total mortality continued
to decline with years. In the case of cholers the curve A, repres-
ents the declining tendency which, is, however, ot so marked as
that in the case of plague. It would be noticeable, however, from
the curve A,, that the declining trend was visible till 1931 and
thereafter the curve ceased to have any tendency whatever, either
for decline or forrise. In other words the shere of chclera in total
mortaiity continuzed to decline till 1931 and thereafter remained
more or less unchanged. In the case of small-pox the curve of
general tendency B, indicatesthat the share of smal’-pox in total
mortality remained more cr less constant over the period under
examination,
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(b) Seeular Trend

Tn columns 3, 4 and 5 of table IT, are set cut the annual death rates
tdeaths per thousard populaticn per year) from the three diseases and
in column 6 of the table are shown the death rates from all causes
for the Province for the years 1906—45.

3, It would appear from the table that mortality from cholera
was highest during 1921, i. e., 330 per thousand pepuletior and lowest
during 1933, i.e., 0-04 per thousand population. As has also oeen
seen before, the year 1921 figured as the year of highest percentage
mortality from chclera for the Province during the period under
examination. In the case of small-pox, the year 1908 recorded the
highest mortality, viz. of 1:26 per thousand vopulaticn, the lowest

“figure cf 0-01 per thousand or 10 per million being attained during
1922, ¥or plague, the mortality ranged between 0°07 and 709 wer
" thousar.d the lowest and highest figures being attained during the
years 1941 and 1911 resvectively, the year 1911 being an epidemic
year of highest mortality for the Prcvince. The tutal mortality
from all causes was highest during 1918, viz., 82'37 per thousand,
partly because the year 1918 was year of high mcrtality both for
. chelora and plague and mainly because of the large number of deaths
due to influenza evidemic which pushed up the figures of mortality
from fevers to 68-72 per thousand. The mortality rates in table 2
are presented in graph. The curves A, B and C represert respectively
the mortality rates from chy lera, small-pt x and piague and the straight
lines A,, B, and C,, their general tendencies as obtained by fitting reg-
ression lines (sse Appendix). It would appear from the tiend of the
straight line A, that mortality rate from cholera has on the whele a
visibiy declining tendency with years, the rate of decline (as weuld
he seen from the equation to the straight line y=-—0-02962z+-1-55651
fitted) being 0-02962 per thousand per year or roughly 30 per willicn
ver year. In the case cf smallpcx, the straight line B, representing
the general trend shows no such ftendency for decline or rise (the
line y =—0-00135240-22424 being almost parallel to the axis of z).
In other wcrds the number ¢f deatus per year for the Province seems
to remain more or less unchanged threugheut the entire period under
examination. As regards plague, it wculd be seen from the graph
that the line of general tendency ; (equatior to the line is y=
—0°08306x+2-98723) shows a marked decreasing ‘rend with years,i.e,
t2 say mortality from plague shows a real decrease during the period
1906—45 under exmaination, tbe rate of decrease being approxi-
mately 0-083, per thcusand per year cr rcughly 83 per million per
year. An examination of the distributicn of mortality rates from
plague for the years 1906—45 for all the districts of the Province
{28 zivenin the annual repcrtsissued by the Director of Medical anq,
Health Services) shows that during recent years except for the
districts of Banaras and Gorakhpur Divisions, the rest of the
Province has almost been free irom plague mortality. In the case
of cholera also, it is noticeable that mortality is not sc proncunced
during recent years as it used te be in the beginning ¢f the pericd
uander examinstion altbough the decline is not so marked as in the
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diseases in the province.

7

Thus although mo:tality rates from small-pa®
remained unaltered during the period, those from plague and clgO_k:T&
show a real fall which may be due to the improved faf}lhtl?s
afforded by the Public Health Department to combat the epidomic

TarLe IT— Annual mortality rate per 1,000 population from cholera,
- smallpox and plague in U. P. during 1906—45

Mortaliry
Serial Years Cholera | Smalipox | Plague from all
no. causes
1 2 3 4 5 6
1 1906 . 3.14 0-23 1.44 19.07
2 1907 . 0-47 0. 47 6-90 43-44
3 1908 . 1.75 1.28 0.-48 52-73
4 | 1909 040 0.12 0.80 37-34
65 11910 . 2.15 0-02 3-31 38.67
6 | 1911 . 2.51 0-03 7.00 41.93
7 11912 0. 40 0.07 2. 45 29.91
8 | 1913 1.29 0-17 2.30 31.84
9 1914 . 0.069 0.38 2.22 33. 460
10 | 1915 1-93 0-03 1.24 30.04
11 1916 . 0-71 0-03 1.03 29.50
12 1917 046 0-04 2.78 37.91
13 1918 2-3¢ 0-06 3-73 82.37
14 1919 . 1-74 0.-23 0-37 41.89
15 | 1920 . 0-15 0-13 0.53 37.923
16 | 1921 . 3-30 0-03 0-33 39-57
17 | 1922 . 0-05 0.01 0-51 25.01
18 { 1923 . 006 0.02 1-63 23-37
19 | 1924 . 1.48 008 1.24 28- 20
20 | 1925 . 0-17 0. 21 1-08 | 2478
21 1926 . 0-13 0-26 1.26 25:10
22 | 1927 0.-62 0-17 0. 34 22.59
23 | 1928 . 0-99 0-07 1.78 24.15
24 | 1920 . 1.12 0-26 0-83 24-26
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Soriat : i . Mortality

ao. Years Cholera | Smallpox | Plague f::ur:eaéll
1 2 3 | 4 5 6
25 | 1930 . . 1.35 024 0-24 27-20
2¢ 11931 . - 0- 64 0-07 0-64 26.917
27 11932 ) .. 020 0-06 0- 44 22-23
2g | 1933 . 0.04 0-20 020 l 18.69
29 | 1934 .. .. 0- 66 0-31 0-98% 2675
30 | 1935 . e . 0-21 0-54 0- 54 24.78
31 | 1936 . . 0-14 0-30 0-15 ‘ 22.61
32 | 1937 . ) 0-13 0-07 0-50 b 21-38
33 | 1938 . . 1-46 0-09 0.28 ! 25.82
3+ | 1939 - . 057 0-21 0-45 23- 08
35 | 1940 . . 0-51 0-33 0-24 21.78
36 1041 . .. 095 0.2+ 0-07 19- 28
37 | 1942 .. . 0-14 0-08 0-16 18-78
38 | 1043 . . 0-47 0-11 0-14 19-76
30 | lot . .. 0-73 0-18 0.28 19-49
40 | 1945 .. ve 1.41 0-40 0-23 19- 94

i
Mean . . 0-95 0- 20 1.28 | 30.2




9

(c) Seasonal Distribuiion

It has frequently been observedin everyday life that mortality
from a particular epidemie is bhigh during a particular t‘me of the
year and that otber periuds of the year are characterised by low mor-
talivy and sometimes by its complete absence. We now proceed to
study this seasonal behaviour in respect of the three diseases, cholera,
small-pox and plague.

2. With tbis object in view the number of deatbsin the Province
for each of the three diseases during any month of a year have been
expressed as percentagr of the total deaths during the year. It other
words for purposes of comparison assuming that the total deaihs for
sbe Province during any yea? 1emained 100, we have worked out the
monthly deaths for the year in respect of each of the diseases. We
now proceed to study the seasonns] charactersin respect of the disee ses,

3. Cholera—In table IIT are presented the monrthly deaths from
cholera during any year exptessed as peicentage of the tcial deaths
during the year for the Frovince for .he years 1906—45. The first
two months ir order of maximum percentage mortality during any
year have been underlined it would appear from an examination of
the maxima that mertality from cholera is most pronounced du.ing
the 8 months of the year, viz., May to October. The average seasonal
indices* for the Province have next been calctlatedand piesented in
graph III. The height of the bar against each month indicates the
relative importance of thas cause «f mortality. The horizontalline
corresponding to a seasonalindex of 100 represonts the level of average
morrality from cholera. The bars whese heights exceed this level
represent cases of mortality higher then the average. It would be
noticeable from the graph that the months May to October are
characterised by high cholera mortality, mortatity during
the remaining six months November to April, being beliw
norral (=109). It would further be seen that the highest
index of 174 is astained during the month of August. It is
interesting to observe that mortality is most pronounce d during
the four months June to September, which rcughly coincide with
the rainy season in the Province and this seems to indicate that the
rainy months are generally tbe months of high mortslity. It
may be useful to extend the study fc¢ individual districts and parti-

cularly study this fact in respect of the distijcts of high mortality.
T sAnalysis of Time Series—Sististical Methods, by ¥. C, Mills.



TapLe 11T—Monthly dea!hs j'rom cholera in U.P. expressed as perceplage of folal deaths from
the year for-the years 1906—d43

cholera during

Months

. ¥

1908
1907
1908
1909
1910
1011
1912
1913
1014
1916
1016
1917
1918
1919

Jonuary [February( March Aprit May June July August | Soptem-]October | Novom-
. ber ber ‘ber

055 185 135 | 12'32 _ﬂo_ _16-69 1 4'89( 6707 12737 13'41 713

320 399 %55 hr 22 2- 81 6 40 750 | o60| 76049 25°46| 1386 |
790 [ TR0 | 12'04 | 19-40 [ _20°79 | 16754 Cese | ser| Use| 02| v
019 | 005| ©062] go3| 20°80| 15794 13708 | 16°67| 2668 | 1673 74'68
L0002 0 03 012 168 | 1074 16703 | d0-61 | I7-33 819 1061 424
0°08{" 007 0l 1'23 204 | 1680 | 4£25| 1381 | 4'18| 78] 770
1'38| 090 243 13-65' 26764 | 13°70| 1'pp | T O4| 13°69| 905 | 318
007] "0w08] o042| g6 27782 2490 16082 | 12771] 6'85| 185 .1°03
080 | o's2| 142{ 711 848 | 13°26| 03| 9°35| 167561 1450 13°11
005 | 005| 047 210| sms| 985 42| 6°74| g3s 09-41]| 2190
0'87| o010 o'68| 898 17°26 893 | 1047 17729 13°79 | ap-8s | O 44
0’181 o0°17| .0'58 2' 85 179 538 3-51 8°99 16'28- 29-58 | 20714
0°23| 008 .0°38( gog) 13706 3177 | 22-61| 12722 | B53| 44z 700
07| o0t} 008| 834 1962 | 26°12 ) 12007} 13°02 | 11°83 ¢88’} 131

Deocom.
her

o1



158
002
8' 07
012
0" 00
0" 46
0" 78
004
0" 0g
0" 29
020
0°08
040
0" 03
001
1" 39
018
0.1¢
018
0'16
020

1°47
0°33
468
093
753
065
501
0" 42
1°36
040
149
0 39
1"36
6° 37
0-10
619
1"30
046
0 41
0" 43
0’ 39

344 3°30] 365, 1058
gne | sar| 11703 35-éq_
20-00 | 16765 TT7 8 63
313 5'52 18 18-99
18°55 | 1070 | 408 8- 29
4700 3683 427 1652
e | e | 18630 1513
26-72 | 32796 ) 1790 | goag
| 1744|2074 | 1253 075
1551 | e | 16704 ) 1611
18090 | 1539 9°80 | 11°54
582 13-94 |_16°83 | 30-09
3-91 722 | 1100 | 1975
1849 ) g | So1) 397
320 12° 83 20- 56 21-8%
1336 | gpo550| 10754 13742
1775 | 5308 13725 [ 12200
2.89 634 3°50 | 15-23
19-97 | 29-76 | 1697 | 10°25
418 | 10°80( 2325 2544
408 | 1004 | 17°3¢ (2175

36:90 | 18°63 8 85
1843 9' 48 3° 20
524 2° 96 0° 47
4105 | 1764 220
‘801 1G4 0" 533
21-88 | qocea| 2822
11766 10° 33 370
424 182 0 62
628 §78 8 15
1323 853 477
14711 714 2722
16:°00 | 10°13 3770
33-32 | 15712 3" 28
0" 84 172 0" 84
1609 [ 14793 5 24
13-92 355 0" 47
10* 23 712 6* 29
W-ol | go-21| 24-03
574 ge5l 400
16° 86 0 95 394
#3910 y301 332

1" 68
1' 18
039
0" 04
¢ 19
644

11
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\ma
Yaars .

1941
1:942
1943
1044
1045

\-‘

Jenusry

025
1° 66
014
067
048

February

008
033
037
0°28
028

March | April May June July i August [ Soptem-| Ozteber|Novemn- { Decem
bor ber bor-

073 | 1066 | 22°79| 21°61 | 2425 12:90| 418 1" 57 1'44 | 0764
1-74 2° 69 1-02 1-97 5:04] 21-73 | 21-95( 2442 | 11'568 197
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4. Small-pox—In table IV is presented the percentage mcnthly
mortality from small-pox for the Prcvince for the years 1906 to 1945.
Here again the two months with the highest monthly mortality in
order, during any year have been italicised. Tt wculd appear from
an examination of such months that moitality from small-pox is
generally acute during the three months, April, May and June of the
year. Except for the month «f Decemper during the year 1918 which
fizured rather unusually in being the month of highest mertality it
would appear that the months April, May and June are gonerally
the months of pronounced mortality during the period under investi-
gation. It would also be noticeable that the seasonal periodicity
is more regular in this case than in the case cf cholera. The scasonal
indices as given in graph IV would seem to confirm the conclusions
arrived at above. It would appear from this grapb that mortality
from small-pox remained above normesl (the horizontal line repre-
senting the line of average mcrtoality index=100) during the five
nmonths—Matck, Ap:il, May, June and July, mortality during the
remaining seven months being below normal. 1% weuld also appear
taat the 3 menths April, May and June are monthsof acute mortality
and that mortality is most proncunced during the month of May, the
index being as high as 216.



TasLy IV—HMonthkly deaths

from small-poy in U.P. exprssed as pereenla

during the year for the years 1906—45
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5. Plague—In table V is presented the percentage monthly
mortality from plague for the Provinces. The two mwonths in a year
with the highest percentage mortality in order haveagain been itali-
cised. Itwould appear from the table that mortality from plague is
generally high during the three months—February, March and April,
mortality being most pronounced during the month of March in
almost all the years. It would appear from seasonal indices pre-
sented in graph V that mortality from plague is generally pronounced
during the first four months of the year, the seasonal indices during
these months being abcve the normal, viz., 100. The highest index
of 349 which is more than thrice the normal is attained during the
month of March which seems to cor.firm the conclusion arrived at
previously from a study ¢f the mortality percentages during each
year as presented in Table V.



TasLe V—Monthly deaths from plague in U.P, expressed as peroeniage of total deaths from plague during
the year fer the years 1906—45
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6. The seasonal indices for three diseases are assembled in talle
VI. Itisclear that our seasonalindices, being based on the mortality
Jata fcr vhe Province as a whole, have their own piactical limitations
‘n that they would give roughly, on a broad basis, an idea of the sea-
sonal distribuvion fcr the province as a whele. As it is known that
such seasonal distributions differ from distiict to district it may he
useful if detailed study be made by calculuting on exactly similar
lines seascnal indices separately fir each district, &t least for the
districts of high moruality.

TaBLe VI—Adjusted values of scasonal indices of mortality (normal
=100) from cholera, smallpex and plague for the United Provinces

based on data over the period 1906—45

——— e —— — | — e s -

Disease
3Month i
Cholera Smalipox Plaguo
January .. e 10 78 134
February .. . 8 S.')_ 210
March .. .. 20 127 Ii 349
April _ - . 100 190 204
May . 141 | 216 90
June .. .. 174 192 14
July | . o 151 118 b
August . . e ! 58 0
September .. .. 169 25 7
QOctober ‘e . 140 16 9
November . . 81 20 29
December .. .. 30 71 83

(d) Zones of High, Normaljand Low Mortality

Before we proceed to classify the districts of the Province into the
three main zones of high, normal and low mortality in respect of
-ach of the diseases the statistical technique utilized in this connection
may be briefly explained as under.

2. The mean mortality rates for each of the districts in respect
of a disease have been first worked out by dividing the sum total of the
mortality rates (deaths per thousand of population ) for the districts
over the 40 years 1906—45 under examination by 40. We next pro-
ceed to measure the variation in mortality from year to year over the
40 years for a district by subtracting from the sum of the squares of
the mortality rates for the 40 years for the district the square of the sum
total of the mortality over the perioed divided by the number of years
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which in this cas? is 40. The figure so obtained is next divided by the
number of years minusone (in thiscase 39} and the square root of the
figures thus obtained known in statistical lenguage as .Stm}dard de-
viation- represents our index of variation for each district in respect
of a disease. We next obtain a normal range of the mean mortality
rates for each of the districts in respect of a disease (see apgen@m)
bascd on the mortality rates over the 40 years for all the dlstr_rlc.ts
such that a district with its mean mortality less than the upper hr.ftnt
and higher than the lower limit of the range may for all practical
purposes ba called a district of normal mean mortality. A district
with a mean mortality higher than the upper limit of the range may
be called a district of high mean mortality : conversely a district with
mean mortality lower than the lower limit of the range may be termed
& district of low mean mortality. Border districts with mean mortality
rates equal to the upper or lower limit of the range of normal mor-
tality may for all practical purposes be called districts of normal mean
mortality. This has been illustrated in respect of each of the diseases
by means of dot-diagrams.

' 3. In the dot-diagram the mean mortality rates for the districts-

in respect of each of the diseases, are represented by blue dots and
measured along the vertical scale (7-2xis)the districtsbeingrepresented
horizontally on the z-axis. The blue horizontal lines enclose a space
of normal mean mortality for the districts for a disease, such that a
district withits corresponding blue dot falling within the enclosed space
represents a district of normal mean mortality. The blue dots lying
outside the boundary lin2s and above the upper line represent districts
with high mean mortality and those lying below ths lower boundary
line represent districts of low mean mortality. Districts for which the
corresponding blus dots lie on the border of the boundary lines may be
called border districts and as said above have been included amogst
districts of normal mean mortality.

4. The procedure for classifying the districts in respect of standard
deviation is exactly similar to that adopted for mean mortality. A
range has likewise been obtained in respect of a district for standard
deviation (m~thod explained in appendix) which may be considered
as mormal range of variation for all the districts for the
disease., On similar reasoning a district with a standard
deviation higher than the upper value of the range may be
called a district of high wvariation, & district with standard
deviation lower than the upper value of the range and higher
than the lower value of the range may be called a district of
normal variation and finally a district with a standard deviation
lower than the lower limit of the range may be called on the whole
& district of low variation. This has similarly been represented gra-
phically by red dots in the dot-diagram for mean mortality and also
separately in respect of each of the diseases. Hero again standard
deviations for the districts are shown by red dots and measured on
the same vertical scale. The red horizontal lines likewise enclosed



23

a space of normal variation. A distriet for which the corresponding
red dot lies within the space enclosed by the red lines represents &
district of normal variation. If, however, the red dot liesoutsid. and
above the upper horizontal red line the corresponding district will be
one of high variation and conversely a distiict with itsred dot lying
below the lower value of the range,i.e. belowths Jowerline representsa
district of low variation.

5. 'We thus have finally from statistical consideraticns the follow-
ing main divisions of districts of mean mortality;

(1) high mortality districts ;

(2) averagemortality districts ;

(3) low mortality districts;

with the following classifications of districts in respect of variation
within each such main division of districts ;

(1) high variation districts ;

(2} normal variation districts;

{3) low variation districts ;

with ultimately nine combination of divisions of districts.

6. We next study in respect of each of the diseases special fea-
tures, if any, of the districts lying within each such group from a con-
sideration of the number of the years of high and low mortality over
the period ({(data available inthe annual reportsof the department
of Public Health, United Provinees). Remembering that an « pide-
mic area is characterised by occasional and distinct sudden puaks
the intection being probably brought in from outside we should
generally expect & district with high mean mortalily (somctimos
normal mean mortality) and high wvariation an epidemic district,
If, however, in a district with high mean mortality the variation be
low it would generally follow that high mortality was more or less a
regular feature in the district leading to low variation from year to
year. Such a district where annual mortality generally remains
high may be térmsd epidemic the disease being more or less
localised.

7. Cholera—In dot-diagram 1 is presented the mean mortality
by blue dots, in dot-diagram 2 the standard deviation by red dots
and in dot-diagram 3 both the mean mortality and standard devia-
tion by blue and red dots respactivly for each district of the
Province. It would appear from dot-diagram I and from what
explained above that the following are the distriots of high average
and low mean mortality :

(1) High mean mortality districts—Pilibhit, Hamirpur, Banda,
Mirzapur, Jaunpur, Ghazipur, Ballia, Gorakhpur, Basti, Azam-
garh, Garhwal, Sitapur, Kheri, Faizabad, Gonda, Bahraich,
Sultanpur, Pratapgarh : :

(ii) dverage or mnormal-mean mortality districts.—Bareilly,
Shahjahanpur, Allahabad, Jhansi, Jalaun, Banaras, Naini Tal,
Almora, Lucknow, Rae Bareli, Hardoi and Bara Banki.
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(iii) Low-mean mortalily disiricts.—Dehra Dun, Sabaranpur,
Muzaffarnagar, Meerut, Bulandshahr, Aligarh, Mathura, Agra,
Mainpuri, Etah, Bijnor, Budaun, Moradabad, Etawah, Far-
rukhakad, Kanpur, Fatehpur and Unnac.

8. We now proceed to sub-divide the districts within each group
nto districts of high, normal and low variation with the help of
dot-diagrams 2 and 3 and on the basis of the method explained above —

(i) High mean mortality districts +—

(a) Districts of high variation:—Pilibhit, Banda, Jaunpur,
Garhwal, Sitapur, Kheri, Gonda, Bahraich, Sultanpur, and
Pratapgarh.

(b) Districts of normal variation:—Hamirpur, Mirzapur, Gbazi-
pur, Ballia, Gorakhpur, Basti, Azamgarh and Faizabad.

(c) Districts of low variation.—Nil.
(ii} A verage or normal mean mortality districts :
(a) Districts of high variation—Jhansi, Almora and Bara
Banki. ‘
(b) Districts of normal variation—Bareilly, Shahjahanpurs>
Jalaun, Naini T2l and Rae Barel.

(c) Districts of low variation :—Allahabad, Benarss, Lucknow
and . Hardoi.

(iii) Low-mean mortality districts :—
(a) Districts of high variation :—Unnao.
(b) Districts of normal variation :—Budaun.

(c) Districts of low variation :—Dehra Dun, Saharanpur,
Muzaffarnagar, Meerut, Bulandshahr, Aligarh, Matbura, Agra,
Mainpuri, Etah, Bijnor, Moradabad, Farrukhabad, Etawah,
Kanpur and Fatehpar.

9. It would be seen that on the statistical basis,of mean mortality
and standard deviation, the districts Pilibhit, Banda, Jaunpur,
Garhwal, Sitapur, Kheri, Gonda, Bahraich, Sultanpur and Pratap-
garh with high mean mortality and high variation may be called
epidomic districts as defined above, there being technically no
epidemic districts (i.e. districts with high mean mortality and low
variation} fro 1 cholera in the Province. We next proceed to study
special features, it any, during any year from an examination of the
distribution of annual mortality rates (over the period 1906—45)
of high and low mortality for the districts within each sub-group
arrived at above from statistical considerations.

10. In the Pilibhit district mortality was high (being above
normal) during eight years and normal during four years, the years
of high mortality being more frequent during the beginning of the
period 1906—45. The remaining 28 years of the period witnessed lew
and sometimes no mortality.: Of the 8 years of high mortality the
six years were 1906, 1908, 1911, 1915, 1921 and 1929 which were
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also epidemic years for the province as a whele. Banda witnessed 13
years of high mortality and 4 years of normal mortality. The years
of pronounced mortality were 1906, 1910, 1924 and 1938. In the
Jaunpur district there were 9 years of high mortality and 8 ycars
of normal mortality, the year in which mortality was last high
being 1945. Inboth the districts of Garhwal and Sitapur there were
10 years of high mortality- there being 7 end 4 years of normal mor-
tality respectively. In the district of Garhwal mortality waslast
high during 1927 there being a noticeable decline thereafter and from
this visw point although the district on the whole behaved as a district
of high mortality thc low mortality rates since 1928 scem to indicate
the behaviour of the district as a normal area during recent years.
Kheri had 11 years of high mortality the years boing more or less
uniformly spaced over the pericd. The eastern distiricts of Bahraich
and Sultanpur witnessed each 15 years of high mortality and 4 years
of normal mortality, mortality being mest proncunced during the
first half of the period. Gonda and Pratapgarh had respectively 17
and 16 years of high mortality there being only one year of normal
mortality at Gonda and 3 years of normal mortality at Pratapgarh.
In as much as epidcmic years asre characterised by occasional and
district peaks the eastern districts of Gonda, Buahraich, Sultanpur
and Pratapgarh behaved as epidemic districts.

11. Coming to the districts of high mortality with normal variation
wa notice that of the «¢ight districts in this gronp high mortality is
more frequent in the districts of Mirzapur, Ballia, Gerakhpur, Basti and
Faizabad, mortality in the Mirzapur disirict being high during 16
years and normal during 8 years. There were 17 ycars of high mor-
tality and 6 years of normal mortality in Ballia district : in Basti
mortality was high during 19 years and normal during two years. Go-
rakhpur district, however, witnessed 20 ycars of high mortality and &
years of normal mortality. In Frizabad district, mortality was high
during 16 years and normal during 5 ycars. It would thus be seen
that all the four districts Ballia, Gorakhpur, Basti and Feoizabad
are conspicuous by years of high mortality, the districts of Gorakhpur,
Ballia and Basti behaving as acute epidemic districts. Tho districts
of Mirzapur and Faizabad resemble the districts of Gorakhpur, Ballia,
and Basti in as much as mortality in these districts remained above
normal for a large number of years. Hamirpur and Ghazipur witnessed
each 12 and 11 years of high mortality respectively, mortality
remaining normal in these districts for 6 and 12 ycars respectively.

12. Amongst the districts of average mortality with high variation
the number of years of high mortality is maximum in the Bara Bankij
district boing 12 years and considering the distribution of the annual
mortality rates it can be classed as an epidemic district. _Al! hough
average mortality in Almora is normal, examination of the individual
rate of mortality reveal that mortality in this district remained
sub-normal after 1927 except during 1938 when it beceme high. Jhans;
witnessed 8 years of high mortality and 5 years of normal mortality.



26

13. Conszider now the average mortalily distridds with noimal
variation. Rae Bareli witnesscd 14 years of high mortality and
5 years of normal mortality. In the districts of Jalaun and Naini Tal
there were 7 years of high mortality, the latter district she wing a de-
finite decline after 1921 ihe year 1938 being the only exception of
high mortality thereafter. There is nothing special to r¢ poit akout
other districts in the group.

14. Amongst the average mortality districts with low variaticn,
Banar:s witnessed 14 years of high mortality, the mortality years
being more or less uniformly distributed over the pericd and in this res-
pect seemed to behave as an epidemie distriet.  Allababad witnessed
10 years of high mortality and 7 years of noxmalmortality. Altbcugh
Lucknow has been classed as an average mortality distriet, mortality
in the district showed a definite decline after 1918 the year 1939 heing
the only year of high mortality after that date. Hardoi witnessed
6 years of high mortality and 7 years of normal mortality.

15. Coming finally to the low mortality districts, Unnao witnessed
5 years of high mortality, the last year of high mortality being 1924,
There were only 3 years of high mortality in Budaun district, mortality
in this district being last high during the epidemic year 1921. In the
western districts of Saharanpur, Meerut, Mathura, Agia and Etah there
was not a single year of high mortality, and only one year of normal
mortality in the first 3 districts. The districts of Muzaffarnagar,
Mainpuri and Farrukhabad witnessed each a year of high mortality
there being only one year of normal mortality in the Muzaffarnagar
district, no year of normal mortality in the Mainpuri district, and 4
years of normal mortality in the Farrukhabad district. There were only
2 years of high mertality in the districts of Dehra Dun, Bulandshahr,
Aligarh and Etawah. Bijnor, Moradabad and Fatehpur each witnessed
5 years of high mortality. Mortality rates in the Bijnor and Morada-
bad districts were last high during the epidemic year 1921, there
being no year of high mortality thereafter. Mortality was last high
at Fatehpur during 1942. There were only 3 years of high mortality
at Kanpur, martality being last high during 1919.

16. Small-pox.—The meoan mortality and the standard deviation
for each district have been presenied separately in dot-diagrams
4 and 5 respectivelyand in dot-diagram 6 both the mean mortality and
standerd deviations have been presented together. Here again the
blue dots represents mean mortality rates and red dots standard devi-
ations for the districts. We now classify as under the districts of high,
normal and low mean mortality as would appear from the dot-dia-«
gram 4: : :

(i) High mean mort&Zitydistric&s.—Bijnor,Budaiun, Moradabad,
Allahabad, Mirzapur, Jaunpur, Ghazipur, Gorakhpur, Azamgarh,
Rae Bareli, Sultanpur, and Pratapgarh. :

(ii) Average or normal mean mortality diatricts.—Saharénl;ur,
Meerut, Bulandshahr, Aligarh, Mathura, Agra, Mainpuri, Etah,
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Bareilly Pilibhit, Farrukhabad, Etawah, Kanpur, Jhansi,
Jalaun, B nar s, Ballia, Basti, Almora, Lucknow, Hardoi,
"F:izabad and Gonda.

(iii} Low-mean morlality districts,—Dehra Dun, Muzaflarnagar,
Shahjahanpur, Fatehpur, Hamirpur, Banda, X:iniTal, Garhwal,
Unnao, Sitapur, Kheri, Bahraich, and Bara Banki.

17. We next proceed to sub-divide the districts within each group
into districts of high, normal and lew variation with the help of dot-
diagrams 5 and 6 and on lines siniilar to that followed in case of
cholsra:

(1) High mean mortality districts : .

(a) Districts of high variation.— Bijnor, Moradahad, Allahal:ad
Ghazipur, Gorakhpur, Azamgarh, Rae Bareli, Sultanpur and
Pratapgarh.

(b) Distriets of normal variation—Budaun, Mirzapur, and
Jaunpur.
(c) Districts of I»w variation.—Nil.
(ii) Average mortality districts :
(a) Districts of high variation—Hardol and Gunda.
(b) Districts of normal variation—Pilibhit, Jhansi, Jslaun,
Basti, and Faizabad.

{¢) Districts of low variation—Saharanpur, Meeiut Buland-
shahr, Aligarh, Mathura, Agra, Mainpuri, Etah, Bareilly, Far-
rukhabad, Etawah, Kanpur, Benares, Ballia, Almora and Luck-
now.

(iti) Low mortality districts :

(a) Districts of high variation—Nil.

(b) Districts of normal variation—Nil.

(¢) Districts of low variation— Dehra Dun, Muzaffarnagar,
Shahjahanpur, Fatehpur, Hamirpur, Banda. Naini Tal, Garh-
wal, Unnao, Sitapur, Kheri, Bahraich and Bara Banki.

18. We now study for the districts within each group the fre-
quency of the years of high and low mortality during the peoriod under
examingtion besides mean mortality and variation in deciding a
district of high mertality.

19. Of the high mortality districts with high variation the num-
ber of years of high mortality is maximum in the Ghazipur district,
there being 22 years of high mortality and 8 years of normal mortality.
In as much as high mortality was almost a regular feature every year
during the latter half of the' period under examination, Ghazipur
behaved as an acute endemic district during this period. Azamgarh
ranks second, chere being 20 years of high mortality and 7 years of
normal mortality, the high mortality years being mostly concentrated
towards the end of the period. There were 12 years of high mortality
and 5 years of normal mortality in each of the district of Bijnor and
Moradabad, the years of high mortality being more or or less uniform-
ly dis'ributed over the period.
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20. Inthe Gorakhpur district there were 12 years of high mor-
tality and 10 years of normal mortality, the years of high mortality
being ‘more concentrated towards the latter half of the period. In the
Allahabad district mortality is almost uniformly spaced over the
period, there being 9 years of high mortality and 15 years of normal
mortality. In the Rae Bareli and Sultanpur districts, mortality was
most pronounced during the 3 years 1906—08 of the pericd under
examination, lortality during 1908 being as high as 3 and § per thou-
sand of population respectively, the year 1908 being the most acute
epidemic year for the province as a whole. Although mean mortality
rates in these districts are high, it would be seen that except for the
first 3 years of the period under examination which has considerably
pushed up the gencral average, the remaining years are practically
conspicnous by the absence of mortality in the Rae Bareli district
and by normal mortality in the Sultanpur district. It would be seen
from the dot-diagram that the Pratapgarh district hasa high mean
mortality and a very high variation. A study of the individual
ficures reveal that there are only 4 years of high mortality and 7
years of normal mortality in the district and that mortality was
most pronounced during the wyears 1907 and 1908 respectively,
mortality rate during the latter year reaching as high as 579 per
thousand, which was the highest rate attained amongst the districts
of the Province. KExcept, therefore, for the years of high mortality
in the beginning of the period, the district of Pratapgarh behaved
as a low mortality district. mew

ey

21. Amongst the districts of high mortality with normal varia-
tion, there are 12 years of high mortality and 7 years of normal mor-
tality in the Budaun district. In the Mirzapur and Jaunpur districts
of the Banaras division, there are 11 and 12 years of high mortality,
9and 14 years of average mortality respectively, The individual
figurcs further reveal that the yearsof high mortality are mostly

concentrated in the latter part of the period under examination.
. - PR T RIS - FU LY

22. Amongstthe average mortality districts, the eastern dis.
tricts of Hardoi and Gonda have high variation as would appear from
dot-diagram 4, there being 6 and 4 years of high mortality respec-
tivoly in these districts. The years of high mortalityin the districts
also include the 3 epidemic years 1906—08. It would thus be seen
that excluding the high epidemic years in the beginning of the period
under examination the districts during the remaining period behaved
as lowmortality districts. X

23. It would further appear from dot-diagram 4 that amongst.t'h‘el
average mortality distriets the districts of Pilibhit, Jhansi, Jalaun
Basti and Faizabad lie within the normal range of variation. Of these:
the Jhansiand Faizabad districtshave 11 and 12 yearsof high mortality
and 4 and 5 years respectively of normal mortality. Inasmuch as
‘the years of high mortality are almost unitormly distributed over the

-period, the districts of Jhansi and Faizabad behave as epidemic
districts although mean mortality rates in these district are normal,
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24. There were 6 years of high mortality in the Pilibhit district
and 4 years of high mortality in the Jalaun district, the districts
behaving more or less as pandemic areas, the years of high mortality
being widely spaced over the period under study. Inthe case of the
Pilibhit district, the years of significantly high mortality coincided with
the epidemic years for the Province, viz., 1908, 1930 and 1945 and
those for the Jalaun district the years of high mortality were 1906,
1930 and 1945, '

25. Of the 9 years of high mortality in the Basti district two
years coincided with the epidemic years 1907 and 1908 for the Pro-
Vince, the remaining years of high mortality being mostly concentrated
In the last decade 1936—45,

26. Amongst the average mortality districts with low variation,
years of high mortality are more frequent in the Banarasand Ballia
districts, there being 14 years of high mortality in these districts.
There were § years of high mortality and 8 years of normal mortality
in the Saharanpur district. An examination of the annual mortality
rates reveals that the years of high mortality are mostly concentrated
in the latter half of the period under examination. In the Aligarh and
Lucknow districts there were 11 years of high mortality and 6 years of
normal mortality. Farrukhabad and Etawah districts each had 8
years of high mortality, the years 1926, 1930, 1935 and 1945 being
high mbrtality years for both the districts. The districts of Meerut
and Bulandshahr witnessed each 8 years of high mortality, the years
1925, 1929, 1930, 1935, 1939 and 1944 being years of high mortality
districts, there being no high mortality years prior to 1925, It would
appear from above that there is a cyclical tendency of high mortality
with a cycle of 4 or § years in these districts and working on this basis
the future occurrence of high mortality may be during 1948 or 1949.
Agra witnessed 10 years of high mortality. Mainpuriand Etah each 7
years of high mortality. There were 5,years of high mortality and 8
years of normal mortality in the Bareilly district. In the Mathura and
Kanpur districts there were 4 years of high mortality. There were 6
years of high mortality and 4 years of normal mortality in the Almora
district. : .

27. Amongst the low mortality districts with low variation mor-
tality at Garhwal was throughout low, there being not a single year
of high mortality in the district. Mortality at Unnao was high only
during 1914, and low during remaining period. Sitapur witnessed high
mortality during 1940, normal mortality during & years, the remain-
ing peried being years of low mortality. There were two years of high
mortality in the Bahraich district and 9 years of average moriality.
Dehra Dun, Hamirpur, Banda and Bara Bank witnsessed each 3 years
of high mortality. In the Bara Banki district, the years 1908, 1914
and 1943 were years of high mortality, and the years 1906 and 1907
were years of normal mortality, the remaining period being charac-
terised by low mortality. There were 4 years of high mortality each
in the Muzaffarnagar and Kheri districts. Although Naini Tal had 6
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years of high mortality, mortality during the remaining period was
consistently low there being only 2 years of average mortality. Shah-
jehanpur and Fatehpur witnessed each 5 years of high mortality the
remaining period being conspicuous by low mortality.

28. Plague.—As usual the mean mortality rates for the districts
have boen shown by blue dots in dot-diagram 7, the standard devia--
tion by red dots in dot-diagram 8 andin dot-diagram 9 both these
have been presented together. The districts of high, normal and low
mortality as obtained from dot-diagram 7 are classified as under;

(i) High mortality districts.—Saharanpur, Muzaffarnagar,

Meerut, Jaunpur, Ghazipur, Ballia, Azamgarh and Unnao.

(ii) Normal mortality districts.—Bulandshahr, Aligarh, Mathu-
ra, Agra, Mainpuri, Etah, Bareilly, Bijnor, Budaun, Moradabad,
Pilibhit, Farrukhabad, Etawah, Kanpur, Fatehpur, Allahabad,
Banaras, Mirzapur, Gorakhpur, Basti, Lucknow, Rae Bareli,
Sitapur, Hardoi, Faizabad, Sultanpur and Bara Banli.

(iii) Low mortality districts.—Dehra Dun, Shahjahanpur, Jhansi,
Jalaun, Mainpuri, Banda, Naini Tal, Almora, Garhwal, Xheri,
Gonda, Bahraich and Pratapgarh.

29. The districts within each group are now further divided
into districts of high, normal and low variation, with the help of dot-
diagrams 8 and 9, the division being exactly on the lines discussed
under cholera and small-pox :

(i) High mortality districts :
(a) Districts of high variation.—-Saharanpur, Muzaffarnagat
Meeorut, Ghazipur, Ballia and Azamgarh.
(b) Districts of normal variation—Jaunpur, Unnao.
(¢) Districts of low variation—Nil.
(i) Normal moriality districts ;
{a) Districts of nigh variation—Nil.
(6) Districts of normal variation—Bulandshahr, Mathurs,

Bijnor, Budaun, Moradabad, Kanpur, Lucknow ard Bara
Banki.

«¢) Districts of low variation—Aligarh, Agra, Mainpuri, Etah»
Bt}rellly, Farrukhabad, Etawah, Fatehpur,[Allahabad, Banares:
Mu.'za.nur, Gorakhpur, Basti, Rae Bareli, Sitapur, Hardoi,
Faizabad and Sultenpur. .

~ \lii) Low moriality districts :

(@) Districts of high variation—Nil.

(b) Districts of normal variation—Nijl.

(¢) Distriots of low variation—Dehra Dun, Shahjaanur,

Jdhansi, Jalaun, Hamirpur, Banda, Naini Tal, Alm c
Kheri, Gonda, Bahraich and Pratapgarh: ’ o a-lthwal, ‘
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30. We now proceed to study details about the districts within
each group. In the high mortality districts with high variation
Ghazipur and Ballia witnessed each 23 years of high mertality, there
being 25 years of bigh mortality in the district of Azamgarh. A
study of the individval years of mortality would further show that
during the period 1906—31, the districts ¢f Ghazipur, Ballia and
Azamgarh behaved as endemic areas in as much as high mortality
was a regular feature in these districts dur'rg the pericd. Mortality
thereafter declined and became less frequent. There were 10 years
of high mortality and 13 years of normal mortality in the Saharanpur
District, 13 years of high mortality and 8 years of normal mortality
in the Muzaffarnagar District. Although mean mortality in the diss
trict of Meerut was high, there were only 10 years of high mortality,
being last high during 1926.

31. Amongst the bhigh mortality distriets of normal variatior
there were 16 years of high mortality in the Jaunpur District and 15
years of high mcrtality in the Unnac District. 1t is interesting to note
that mortality in Unnao was last high during 1926 end there was
practically no mortality atter 1929. Althcugh mean mortzality ir
Unnao District was high, the general situaticn is sotisfacrory in ar
much there was practically no mcrtality after 1920,

32. In the average mortality districts of normal variation, mor-
tality was last high at Bulandshabr ard M:thuia durirg 1926, the
period 1906—26 being mostly year. of high mortality. In the dis-
tricts of Bijnor, Budaun and Moradabad, the last cpidemic occurred
during 1934 followed by vpractically the ahsence of mortality there-
after. In the district of Kanpur there were 10 years of high mor-
tality, 9 years of normal mortality, motrality keing last high during
1924, followed by a steep decline in mcrtality. Amongst the ncrmal
mortality districts o Lucknow anc Bara Banki, there were 8 and 10
years of high mortality respectively in these districts, mortality, being

last high in the Lucknow District durirg 1918 and in the Bara Banki
District during 1928,

33. Coming to normal mortality districts ¢f low variation we
noticethattnere were & years of high mortality in the Aligarh Districr,
the last evidemic worthy of record being during 1925. Except for
another 5 years during which mortality remained normal, mortality
during the remaining pericd remained below normal and mcstly
negligible. In the Agra District there were 4 years of high mortality,
the year 1926 being last year of occurrence of the epidemic. During
the rest of the period mortalily was mostly negligible and in this
respect the district behaved as a low mortality district although
mean mortality over the period under examinaticn remained normal.
In the Mainpuri Dis‘rict, mortality remained high during the year
1910, 1911 and 1918. Except for another 6 years during which mor-
‘tality remained normal, mortality during the rest of the period was
-almest negligible. In district Etah, mortality during 4 years crossed
the uvper beundary of the normal range for mortality, the year 1934
being the last epidemic year for the district. During another 6 years
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mortelity remained normal, mortality during the rest of the pericd
remsining below normal, althcugh, on the whole, the district behaved
asa normal district. Inthe Bereilly and Eilibhit Districts there were
only 3 yoears of high mortzlity, mertality being mostly negligirle
after 1928, which was the Iast year of high mcrtality for the disiric..
In the Farrukhabad, Etawah and Allahzakad Districts, the last epide-
mic yeaT was 1918, there being piactically nc mertality thereafter.
There were 6 years of high mcrtality in the Farivkhebed £ d Fatel:-
pur Districts and 5 and 7 years cf high mertality respectively in the
districts of Etawah and Allahabad. Banaras witnessed 6 years o1 high
mortality and 16 years of normal mortality. Tlere were cnly 4 yezrs
of high mortality in the Mirzapur District, mortality being last bigh
during 1918. The eastern districts of Gorakhpur and Basti witnessed
each 14 and 10 years of high mortality, mortality during the remain-
ing perfod being mostly normal. In as much as these are districts
of normal mean mortality with occasional sudden peaks of high mor-
tality, the districts of Gorakhpur and Basti may be regarded as im-
portant epidemicareas. Inthe eastern districtsof RaeBareli, Sitapur,
Hardoi and Sultanpur mortality was last high during the epidemic
vear of 1918, There were 7 years of high mortality et Rae Bareli and
6 yoars of high mortality at Hardoi. There were only 3 and 4 yeers
of high mortalityin the Sitapur and Sultanpur Districtsbut on the
whole the districts behaved as areas of normal mortality.

34." Amongst the low mortality distriets, mortality at Almora
and Garhwal remained consistently belcw normal throughout the
period under examination, there being practically ne mortality in
these districts, except for a few years of ' low mortality. Mortality
at Hamirpur was normal only during 1924, there being practically
no mortality during the rest of the period. Banda resembled Hemir-
pur, the only year of pronounced mortality in the district beirg 1923.
At Dehra Dun, the years 1911 and 1912 were. years of normal mor-
tality, the remaining years being almost free from mortality. There
is nothing special to report about other districts in this grcup.
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CONGLUSION

Attemf)t bas been made in this chapter to sunurarise in brief the
salient points discussed in the foregoing chapters and suggest where-
ever practicable means for fighting the diseascs in the epidemie dis-
tricts. o '

2. It may ve mentioned here that nothing has been said in the
foregoing pages regarding cyclical tendencies in these diseases, as
investigution has shown thet there was no such marked cyclicel ten-
dency for the pravince during the period under investigation in respect
of the diseases. It has already been seen in the case of plague that
during recent years, there was practically no mortality in the province
except in the districts of the Banaras and Gerakhpur Divisions. This
has evidently disturbed the cyclical tendency of mortality pattern
in the province. It may, however, be useful to study the cyclical
behaviour in respect of the districts of bigh mortality in the Gorakh-
pur and Banaras Divisions.

3. Although no marked cyclical tendency is visible in the case
of small-pox, it has been roughly estimated from a study of the peaks
of annual mortality that there is an average five-yearly periodicity
in the provinecial mortality rates, the last epidemic year beirg 1045.
Working on this basis it may be fore casted that the year 1950 may
in all probability be an epidemic year for the province. A some-
what dstailed study revealed that the years 1950-51 are the probable
years of future epidemic for the Province.

4. As regards chclera there was unifermly a 3-year epidemio
cycle till 1930 and thereafter the pattern seems to heve changed.
Lhe years 1930, 1938 and 1943 were high epidemic years for the prov-
ince. Although the three years cf bigh epidemic are not sufficient
to forecast the advent of an epidemic, it may be roughly said within
the limitations of the data that the future epidemic is likely to occur
during the period 1952-53. We now proceed to deal with the discases
separately.

5. Cholera—It would be seen from the foregoing chapter that
mortality from cholera fcr the Province showed a renl decline
with years, mortality being generally acute during the first 20
years of the poriod 1906—45. The decline in provincial mortality
appears to be due to the drive of the Puklic Health Department
during recent years for improved sanitation and better medical fucili-
ties in the districts of the Province. The diseaso took a heavy tell
of life in the Province during the two years 1906 and 1921 when the
provincial mortality rates reached as high a figure as 3:14 and 3-30
per thousand of populaticn respectively. The epidemic wave durirg
these years tcuched even the districts cf Bijnor, Moradabad and
Shohjehanpur which remeined practically immune from mortelity
during the rest of the period. The westein districts of Delhra Dun,
Saharonnur, Muzaftarnagar, Meerut, Bulandshahr, Aligerh, Methura,
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Agra, Mainpuri and Etah behaved as low mortality districts and from
this point of view, these districts mzy be regarded as safe areas.

6. It would appear from the results ¢f the analysis that mor-
tality frem cholera is frequent and most pronounced in the eastern
districts of Gorakhpur, Basti, Faizabad, Gonda, Bahraich, Sulfanpur
and Pratapgarh, the centrally situated districts of the Province be.
having more or less as normal mertality districts. To sum up, the
western districts are areas of low mortality, the cen'rally situated
districts are areas of normal mortality, end the eastern and the far
eagtern districts are areas of high mortality.

7. It appears from what has been discussed in the foregcing
pages that the districts of Mirzapur, Ballia, Gorakhpur, Basti and
F:izabad behave more or less as acute epidemic centres in as much
as theseare districts of high mean mortalityand normal variatior. The
district of Gonda with high mean mortalityand high variaticn behaved
as an acute epidemic district and the annual mortality rates for the
district revealed that in & majority of the years, mortality was highly
pronounced in the dis‘rict. It would be seen that the districts cf
high mortality are generally economically backward and suffer mostly
from poor sanitaticn. It is suggested that measures to combat thbe
disease should be permanently enforced in these acute epidemic areas
of the Province, measures including provision for protected water
supnly, suitable disposel of nightsoil, rubbish and proper control
over food and drink on thelines recommended by the Bhor Committee,
Immunisation of the people by anti-cholera inoculation for con:rol-
ling the spread of the disease during specific outbreaks should, <f
ccurse, be a temporary measure in the direction.

8. It would avppear from dot-diagram 1 that Feaizaebad, which is
a pilgrim centre, is a district of high mean mortslity. It was also
soen that although the pilgrim centre of Banaras behaved as an aver-
age mcrtality district, individual figures revealed that mcrtality isa
regular feature in the district. It may be useful to mention in this
connection that it has been ohserved from a study of the course ¢f
the epidemic in United Provinces that the most impcrtant cause ¢f
the 1938 enidemicin the Prcvince was dissemination of infection follow-
ing a large festival held at Hardwar during March 1938, It is
suggested that special precautions should be taken in controlling the
spread of the disease in such vilgrim centres and as recommer ded by
the Bhor Committee, there shculd be complete inoculation ¢f persens
against cholera hefcre they are permitted to enter the centres on
f-stive occasions.

9. 1f hasalso been noticed that the rainy months of June, July,
August and September are generally the months of broncunced mer-
tality for the Province, the provincial seascnal index reaching & peak
level ¢f 176 during the menth of August. The fact that the highly
humid and moist districts of the east are acute epidemic districts
covpled with the fact that mortality from cholera is more pronounced
during the rainy season, seem to indicate that the meteorqlogical
factors humidity and rainfall have a tendency to increase the
mortality from cholera in the province. It would thus seem
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useful to take up a detailed study ,of the effect of such climatic
factors as humidity, rainfall and temperature on mortality in the
districts of high mortality and work out details of the scasonal
indices in respect of such districts on the lines obtained for th
province,

10. Small-pox.—A glance at the provincial mortality rates pre-
sented. in table II would reveal that mortality rates id not on the
whole show any variation from year to year (as would be seen
from the equation of the regression line) and that mortality during
the period was highest during 1908, when the provincial mortality
rate reached a peak level of 1-26 per thousand.

11, It was noticed that mortality from small-pox remained. mostly
high in the districts of Gorakhpur and Benar:s divisions in the wes-
tern districts of Bijnor, Budaun, Moradabad and partly in the
eastern districts of the F:izabad Division. An examination of the
district mortality rates for the individual districts would reveal dis-
quieting feature in the situation that high mortality was almest a
regular feature during recent yearsin the districts of the Banaras and
the Gorakhpur Divisions, mean mortality being highest in the Ghazi.
pur District, viz. 583 per million per year approximately. Although
mean mortality rates in the districts of Bijnor, Budaun, Moradabad ,
Sultanpur and Pratapgarh are high as would appear from the dot-
diagram the annual mortality rates as discussed in tle preceding
chapter would seem to show that the situation in these districts is not
so serious particularly in the eastern districts of Sultanpur and Pra.-
tapgarh where the high epidemic years were during the beginning of the
period. viz., 1906—08 which pushed up the mean mortality rates
above normal. It is surprising to find that the western districts
of the Meerut and Agra Divisions remained practically immune from
the violent outbreak during 1908 of cholers epidemic which took
a heavy toll of deaths throughout the Province.

12. Small-pox is perhaps the most easily controllable among
the infectipus diseasns, if vaccination be performed at regular intervals,
It may not be out of place to mention in this connection that the
introduction of an Health Organisation in 1922 introducing primary
vaccination in the province of Madras led to a fall in averag:. morta-
lity for all ages from 0 77 per thousand during 1917—21 to 0 46 per
thousand during 1922—26 and this was followed by a gradual lowering
in mortality thereafter, the average mortality rate during 1937—41
being as low as 0* 08 per thousand after the introduction of compuleory
revaccination in 1932. It is indeed surprising that compulsory vacci-
nation has rot yet been enforced in & sirgle rural circle of the United
Provinces although the Province has distirct areas of high mortality.

13. Ttissugested that primary vaccination be made compulsory
throughout the Province and immediate steps taken to make primary
vaccination compulsory in the highly epidemic districts of Ghazipur,
Azamgath, Bijnor, Budaun, Moradabad, Gorakhpur, Allababad,
Banar:s, Mirzapur and Jaunpur. Attempt should also be made to
introduce compulsory revaccination in these districts.
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14, It would be seen that various factors including poor housing
conditions leading to overcrowding, pressure of population and above
all the general economic backwardness of the eastern districts have
contributed towards making these districts areas of high mortality.
Allshabad and B-nares are pilgrim centres and this fact bas to a con-
siderable degree been responsible for the high mortality in these dis-
tricts. :

15. The scasonal indices presented in Table VI would seem to in-
dicate that mortality for the Province is most pronounced during the
months of April, May and June. The indices being based on the
province as a whole are, of course, bound to suffer from practical limi-
tations in that these do not give any information of mortality in indivi-
dual distiicts. It will be useful, however, if seasonalindices be obtained
for at least the districtsof high mortality. TItis suggested that pro-
vision for vaccination with potent vaceine lymph be made during the
hot weather April, May and June (when the quality is likely to deter-
lorate with exposure to heat in districts where mortality is most pro-
nounced in the Province. In this connection it may be recalled
that the Bhor Committee recommended that possibility of providing
for cold storage to maintain the potency of the lymph at its original
strength, should be investigated for districts with pronounced mor-
tality. ) '

16. Plague.—Itis gratifying to note from the results of the analy-
sis that mortality from plague showed a significant decline during the
period 1906—45 the rate of decline being 83 per millon per year,
A study of the district-wise mortality rates from the annual reports of
the Public Health Department would further show that during recent
years there was practically no mortality from plague in the Province
exceptb in the districts of the Gorakhpur and Banar: s Divisions.

17. It has been observed that mortality from plague is generally
acute during the 3 months February, March and April of the year,
mortality being most pronounced during March. It is suggested that
during these months when the outbreak of plague is imminent or has
actually taken place, temporary measures like preventive inoculation,
rat destruction, short period clearing of houses particularly during
the manths of December and January which are generally the months
prac:ding the plagu» s*a.on and provision of adequate treaiment
for patients are salutary measures in the direction.

18. Tt has been noticed from a study of the mean mortality rates
as given in dot-diagram 7 that mean mortality from plague has been
high in the Saharanpur, Meerut, Muzaffarnagar, Jaunpur, and. Unnao
districts and unusually high in the Ghazipur, Ballia and Azamgarh
districts, the latter (istricts behaving more or less as endemic foci for
the Province. It is known that the eastern districts of Ghazipur,
Ballia and Azamgarh are economically backward and the sanitary
conditions in these districts are far from satisfactory. Besides the
moderately damp climate in these districts scems to favour the spread
of the disease in these areas. Above all, the human dwellings in these
districts might be haunting houses for rats which are the primary
regervoir of infection from which the disease earily spreads to man,
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The poor hygienic sense of the people (particularly in the eastern dise
tricts of the Province) who generally throw garbage in public places
which encourages the breeding ofrats may be another cause of high
mortality in these districts.

19. Iiissuggested that asan important measure in the direction,
may be taken the systematic destruction of rats in residential areas
particularly in the endemic districts of the Province. It may be worth-
while to recall in this connection the recommendations of the Bhor
Committee, viz.: :

(@) construction ofrat-proof dwellings and rat-procf grain storcs
and railway godowns;

{b) control over.the location of certain trades and industries
which attract rats; and

(¢) an improvement ot the general sanitary condition of towns
and villages and finally publicity work inculcating in the citizens
and villagers the need for hygienic sense as an advquate measure
to keep down the rat population. .

20. It is worthy to note that among the district of low mortalivy
are the hilly districts of Naini Tal, Almora and Garhwal, all the four
districts of the Jhansi Division, Dehra Dun and Shahjahanpur. The
plausible reason for the comparative immunity of Naini Tal, Almora
and Garhwal seems to be mainly the vigilance and control exercised
by the Municipal authorities in taking preventive measures against the
possible outbreak of the disease in these districts and partly because
the public in these districts have comparatively a better hygienio
sense. The same vigilance on the part of the authorities and better
hygienic sense in the people may be responsible for the low mortality
prevailing in the districts of the Jhansi Division which are mosily
important military stations and consequently public health authorities
in these centres are required to take special precauticns.

21. 1t has thus been seen that in the districts where there are
better medical facilities and where the sanitaiy scrvices are also
improved, the virulence of the disease is greatly mitigated. The con-
trol on the admission of the diseased persons particularly amongst
the military keeps the hilly districts comparatively free from the di-
s2ase, It may be recalled in this connection that plague is one of t]_m
most serious diseases known to humanity which, if it breaks out in
an epidemio form, results in tromendous loss of life. The Black Death
of the 14th century took a toll of 25 million lives in Europe alonso
which constituted three quarter of its population. In England the last
epidemic of the diseas> caused untold havoc and loss of life. Dr.
John Drew in his book entitled *“ Man, Microbe and Malady ™ has
ass>rted that the relative freedom of England from plague since the last
epidemic is the result of (@ ) better living conditions especially as ro-
gardshousing, (b)improved sanitation and personal communal hygmpt*.
{c) the provision of a nutritional health service and (d) the unceasing
vigilance on the part of the authorities in England and their rigid
control over all ‘ships coming to England from known plague ports
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abroad. He further observes, *° We have the animalreservoir in abun-
dance in this country and we do not possess any natural immunity
against plague. We have to thank our island position and the con-
cientious work of the members of our medical and sanitary services at
our sea and air ports that the disease does not gain entrance to our
land. ”

22. It would be seen frcm Dr. Drew’s observations quoted above
that it is possible to render a district immune from plague if housing
and sanitary conditions are sufficiently improved and rigid vigilance
_ is exercised by the Public Health Department in regard to the entrance
of persons coming from known plague areas to the districts. Of course,
it would be unreasonable to expect that the housing and sanitary
conditions, in the districts of our Province would improve to the extent
these have done in England but it is certain that considerable mitiga-
tion of vhe disease conld be brought about, if the Public Hoalth authori-
ties in the Province are provided with better facilities and the sanitary
conditions in the districts are improved. The statisticalevidence goes
to show that amongst the average mortality districts, mortality in
almost all the districts (excepting the districts of the Gorakhpur and
Banaras Divisions), has been practically insignificant during recent
years, although in previous years it was often average and sometimes
high, and this may be due to the recent improvement in medical
facilities and better sanitation in the districts.

23. Attempt has been made to present the statistical data in this
bulletin in & popular form, it being mainly intended for the layman.
It has thus not been possible to make full use of advanced statistical
methods which have been avoided as far ag practicable partly because
the object is fo make the subject matter interesting and mainly because
the application of such methods to the crude data available is likely
to lead to erroneous conclusions. The statistical methods wherever
used have been separately explained in the appendix. Besides, limita.
tions of time and space made me confine only to certain important
aspects of the problem. It is hoped, however, that the results arrived
at will be helpful to workers in the field to study the problem in details
and extend the analysis in most cases to individual districts.
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APPENDIX
Brsurrs oF ANALYSIS
Secular Trend
Tho equations to the regression lines A;, By, ard Cy, showirg the
general tendencies of cholera, small-pox and plague are respectively :
Cholera Y=—0'029622-1-55651,..... (1
Small-pox Y =—-0'0013504-0:22424 ., . .. (2)
Plague Y =—0-(8306x1-2-98723,.,.... * (3)

We now proceed to test the significance of each cf regression coeffi-
cients.

Cholera:—Sampling error of the regression coefficient 002962 is
0:01108 so that ¢ =2-6733.

5 per cent, value of £ fur 30 degrees ci freedom is 2.042
22 3 3y 40 I¥] '} 39 2‘021

Therefore the value of #=2'6783 fcr 38 degrees of freedem is
gignificant at & per cent. For our practical purposes this means
that the difference of the regression ccefficient 002962 from zero
is real.

Smail-pox.—Samplirg error of the regression coefficient 0-Cul3E
£0°003015 and #=04488, 5 per cent. valueg of f for 30 ard 40 degrees
of freedom are respectively 2:042 and 2:021. Therefcre #=0'4488
againgt 38 degrees of freedom is not at all significant ard for our
purposes the regressior coefficient 0-00135 may be taken tobe equiva-
lent to zero and the line reduces to Y =0-22424 which ise line parallel
to thex—axis.

Plague.—Sampling error of the regression coefficient 0°C8306 is
0'01778 8o that# =4-6715 which is significant &t 0'1 per cent.

0-1 per cent. value cf & for 30 d. f. is 3:646 and for40d. f.is 3 581,

For further details see art. 26, Statistical ‘methcds for Receamh
Workers,

Zones of high, normal and low mortality.

Congider the mortality data for p districts cver g years. Dencting
the mortality in the ith district for the jth year by Xij.

We have xij =m-di--yj--eif.
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Wheremisthegeneral mean, di the district effect for theith district,
v the yearly effect for the jth year and ¢jj the sampling errcr for the
ith district in the jth year other than that due {0 district and
yearly effect.

1t can be easily shown that—

— D Y 62
V@)=t o+ 5
where z.. is the estimate of the general mean and
E (di%)=D
E (yi)=Y

E (eij?) =¢2
E denoting expectation.

1f now, V,, V,, V,, be the mean squares due to districts, years
and error as cbtained from analysis of variarce it easily follows that

VOO PRL Ll £
e
candS.E.ofz..= + Vi+V,~V,
Pq

Considering .. asthemean of the p district means each district
mean being obtained as an average of the mortality rates for the

di:trict_s over the g years. We have tbhe critical difference for z, L=
5.E. (2..)% tp_.) wherei, 1 isthe 5 per cent. valuc of ¢ for

p-1 degrees of freedom and hence fiducial range for z.. finally is
:‘C—... + \/V1+V2—V3 ti,-—l

, Pq :
and thismay be taken as the nermal range of mean mortality.

Thefiducial range for
Cholera is . 0-883540-3021 or 1-18 and 0-58 roughly ;
Smali-poxis 0'179&:]:0'0664 cr 025 and 011 roughly ;
Plagueis  1-14314-0'6006 or 0-5¢ and 1-74 ronghly.

_ Worext obtain the normal range of standard deviation for the
disiriets. If 8,%, S,%........ Sp® be the estimates of variances for
the p districts over the ¢ years we have, if S denotes the average
Tarlance over the p districts,

» _ |
Zsit S4S2...... +$p?
P D -

st =
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Now for normal parent estimate of

2
V(S) =;-I—1- {see page 210, The Advanced Theory of Sta-

tistics, Vcl. I by Kendall).
Hore n =q—1
2

a,nd V(S):m)
S.E. (8)3/4= y/V(s) = 4/ &
Fiducial range of S is S £ 4/ S2 X tq-1
2(q—1)

where ¢ g-1 is the 5 per cent. value of ¢ for q-1 d. f.
which may be taken as the ncrmal range for standard deviation.

In our present case ior :

Cholera: g =39,
S2 =2-703143.
V(s)= __ 5 50346504,
2(g—1)

Fiducial or normal range for S.
is 1-6441 - 0-3767.
or 1-27 and 2'02 roughly,
Small-pox  S%=0'13906875.
Fiducial range for S ig 0-3729 4- 00854 or 0°4583 and 0°2876.
Plague S2=T-805531.
Fiducial range for S
is 2794 4 0°6401 or 3:4341 and 2:1539.
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