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Introduction 
 
     Tuberculosis mortality rate in general 
population is one of the important epidemiological 
parameters for defining the problem, in any 
country, from time to time. In some of the 
advanced countries, mortality rates have been 
widely used to determine the trend of tuberculosis 
over the years1,2.  Comparative study of mortality 
rates due to different causes helps in deciding the 
relative priorities. In India in the absence of 
adequate diagnostic facilities, notification of cause 
of death as well as regular and systematic post-
mortem examinations, it is difficult to obtain 
precise information on mortality. In this report, an 
attempt has been made to estimate mortality due to 
tuberculosis in comparison with total mortality. 
Data obtained from “A five year epidemiological 
study in a rural population in South India”3 has 
been analysed for this purpose. 
  
Study Area and Method 
  
     Four surveys were conducted using the same 
methods in 119 randomly selected villages in the 3 
taluks of Bangalore district — Channapatna, 
Magadi and Nelemangala during 1961-68. 
Intervals between I and II and between II and III 
surveys were 1½ years whereas it was two years 
between III and IV surveys. The total population 
studied constituted 15% of the population in the 3 
taluks. The coverages for examinations were 
uniformly high in all the surveys, being about 80% 
on the average. 
 
     The entire population of the villages was 
registered and those who were aged 5 years and 
over were offered X-ray examination in the 
villages. From persons who had any X-ray 
abnormality two samples of sputa were collected. 
X-rays were interpreted by two readers 
independent of each other, and those for which 
interpretations were at variance between the two 
readers were submitted to an umpire reader for 
final interpretation. On the basis of this 
interpretation X-rays were classified as3 : 
 

N : Normal, A : non-tuberculous,  B : 
Tuberculous, inactive, C : possibly 
tuberculous, probably active, D : possibly 
tuberculous, probably or definitely active. 

 
 Sputum specimens were examined by smear 
microscopy and by culture; Identification tests for 

Mycobacterium tuberculosis were carried out on 
all positive cultures. 
 
      Persons who had radiological abnormalities 
classified as C or D but sputum negative for 
tuberculosis (“suspect disease”) together with 
persons whose sputa were positive on culture and 
also had any radiological abnormality at the 
current survey (“cases”) were taken as patients of 
pulmonary tuberculosis for this report. They will 
be referred to in this paper as “TB”. 
 
     Persons who were radiologically normal (N) 
together with those having shadows classified as 
A or B whose sputa were negative will be referred 
to in this paper as “NAB”. 
 
Material 
 
     At the I survey 32,009 persons aged 5 years 
and over without BCG scars were examined and 
they were followed up at II survey. Similarly, 
29,489 persons were examined at II survey and 
followed up at III survey and 29,241 between III 
and 1V surveys. Their age-wise distribution is 
presented in Table 1. The proportion of persons 
with BCG scars, excluded from this report, ranged 
from 2.5% at I survey to 3.7% at the IV survey3.  
Of those examined at I and II  surveys, 31,502 
were NAB and 507 were TB. Persons who had 
NAB or TB in four age groups are presented in 
Table 2, by survey at which they were examined. 
Material is not presented sex-wise but no 
differences were   observed in crude mortality 
rates between males and females by different age 
groups. 3 
 
Findings 
 
Mortality rate due to all causes (Table 1) 
 
     Of the total 32,009 persons of I survey and 
followed up at II survey, 439 died between the 
period (888.7 per 100,000 per year), of 29,489 
between II and III surveys 383 died (826.0 per 
100,000 per year), and of 29,241 between III and 
IV surveys 560 died (963.3 per 100,000 per year). 
The annual mortality rate due to all causes on five 
year observation could be calculated as 893 per 
100,000 population aged 5 years and over. 
 
     The age specific death rates were lowest in 5-
14 years and highest in 55 years and over. In the 
latter age group it was more than 4134 per 
100,000 annually. Age specific death rates were 
significantly higher in 55 years & over age
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Table 1 
 

Mortality Rate due to all causes between different surveys by age 
 
 

Survey I- II (1½  yrs.) Survey II-III  (1½  yrs.) Survey III-IV (2 yrs.) 

Age 
group 

Popula- 
tion 

examin-
ed. 

Died Annual 
all 

causes 
mortality 
rate per 
100,000* 

Popula- 
tion 

examin- 
ed. 

Died Annual 
all 

causes 
mortality 
rate per 
100,000* 

Popula- 
tion 

examined 

Died Annual 
all 

causes 
mortality 
rate per 
100,000* 

5-14 11936 52 282.3 10935    51  296.6 10645   75 354.4 

15-34 10616 100 610.4 10060   78  493.1 10123 112 556.5 

35-54   6596 101  992.2  5925   87  933.9   6007 125   1046.7 

    55+   2861 186 4212.8  2569 167 4134.4   2466 248   5058.6 

Total 32009 439  888.7 29489 383      826.0  29241 560 963.3 

 
 

*To arrive at annual rate correction factors applied: 
I-II survey…0.648        II-III…0.636            III-IV survey…0.503. 
 
 
group as well as in total 5 years & over population 
at the third period (III-IV surveys) as compared to 
those in the earlier two periods (I-II surveys & II-
III surveys). 

Deaths Attributable to Tuberculosis 
 
     Deaths due to all causes among the group 
‘NAB’ and group ‘TB’ are presented in column 3 
and 5 respectively between different surveys 
(Tables 2, 3, 4). All the deaths among persons 
with sputum positive disease or suspect disease 
i.e., in group ‘TB’ cannot be attributed to 
tuberculosis alone. Presuming that persons with 
active tuberculosis have a similar chance of dying 
from other causes as for the group who are normal 
or suffering from diseases other than tuberculosis, 
only the excess proportion of deaths occurring 
among the TB group over that in the NAB could 
be attributable to tuberculosis. The observed all 
causes death rate among the NAB have been 
applied to the group TB age-wise (figures in cols. 
3 x col. 4 %. col. 2 in Tables 2, 3 and 4), and thus 
the absolute number of deaths among the TB 
group supposed to be due to causes other than 
tuber- culosis have been estimated (col. 6 in 
Tables 2, 3 and 4). It is seen that between the I and 
II surveys, estimated number of deaths due to 
other causes among TB were negligible in 5-l4 

years, one in 15-34 years, 2.1 in 35-54 years, 10.6 
in 55 years and over and 13.9 among the age 
groups combined (Table 2). The estimated number 
of deaths between II and III as well as between III 
and IV surveys are similarly presented in Tables 3 
and 4. On subtracting the estimated number of 
deaths due to other causes among the TB as 
mentioned above (col. 6 of Tables 2, 3 and 4) from 
the observed number of deaths from all causes 
among the group TB age-wise (col. 5 of Tables 2, 
3 and 4), the estimated number of excess deaths 
are calculated separately between I and II, II and 
III and III and IV surveys (cols. 3, 6, 9 of Table 5). 
All these deaths among the group TB, which are in 
excess of those that could be due to causes other 
than tuberculosis, may reasonably be attributed to 
tuberculosis. 
 
     Based on the above calculations it is estimated 
that the annual death rates due to tuberculosis in 
100,000 population between I and II surveys were 
10.00 in 5-14 years, 79.0 in 15-34 years, 146.0 in 
35-54 years, 394.0 in 55 and over years and 95 in 
combined  are group (Table 5). The tuberculosis 
mortality rates as estimated between II and III as 
well as between III and IV surveys in the above 
age groups are presented in columns 7 and 10 of 
Table 5. Age-wise as well as overall rates were not 
different between surveys I and II,
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TABLE 2 
 

Deaths between 1 and II surveys among population groups classified as active Tuberculosis (TB) and otherwise 
(NAB) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Table 3 
 

Deaths between I1 and III surveys among population groups classified as active Tuberculosis (TB) and otherwise 
(NAB) 

 
 

Age group 
Normal and 

non-TB 
(NAB) 

Deaths among 
normal and 

non-TB 
(NAB) 

Sp. pos. & 
Suspect 

cases (TB) 

Deaths from 
all causes 
among TB 

Estimated 
absolute no. 

of deaths due 
to non-TB 

causes among 
TB 

(Col. 3 x Col. 4) 
Col. 2 

1 2 3 4 5 6 

    5-14        10912 50   23   1   0.1 

  15-34    9971 72   89   6   0.6 

  35-54     5812 73 113 14   1.4 

       55+    2437          146 132 21   7.9 

Total  29132          341 357 42 10.0 

 

Age group 
Normal and 

non-TB 
(NAB) 

Deaths among 
normal and 

non TB 
(NAB) 

Sp. pos.& 
Suspect 

cases (TB) 

Deaths from 
all causes 
among-TB 

Estimated 
absolute no. 

of deaths due 
to non-TB 

causes among 
TB 

(Col. 3xCol. 4) 
Col. 2 

1 
 
2 
 

3 4 5 6 

5-14 11888 50   48   2 0.2 

    15-34 10498 86 118 14 1.0 

    35-54   6435 84 161 17 2.1 

    55+   2681         158 180 28         10.6 

    Total  31502         378 507 61         13.9 
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Table 4 
 

Deaths between III and IV surveys among population groups classified as active Tuberculosis (TB) and 
otherwise (NAB) 

 
 

Age group 
Normal and 

non-TB 
(NA TB) 

Deaths among 
normal and 

non-TB 
(NAB) 

Sp. pos. & 
suspect. 

cases TB 

Deaths from 
all causes 

among-T13 

Estimated 
absolute no. 

of deaths due 
to non-TB 

causes among 
TB 

(Col. 3 x col. 4) 
Col. 2 

1 2 3 4 5 6 

  5-14   10633 75 12 - 0.1 

15-34   10059         101 64 11 0.6 

35-54    5908         111 99 14 1.9 

55+    2403         214 63 34 5.6 

Total  29003         501       238 59 8.2 

 
 

II and III and III and IV. The average of the 
periods is calculated to be 84/100,000 annually. 
The death rates were the highest in 55 years and 
over age groups, the lowest in 5-14 years, and 
showed an increasing trend with age. 
 
     The age-specific tuberculosis mortality rate 
showed some decrease between II and III surveys 
over that between I and II surveys; but these 
generally increased between III and IV surveys, 
though none of these differences were statistically 
significant. Since similar changes were also 
observed in the incidence and prevalence of the 
disease,3 this could be attributed to the effect of 
drought between III and IV surveys. 
 
Discussion 
 
     From a study of the same material as in the 
present report, the annual crude death rate for 
population in all ages both sexes, registered at I 
survey was 1100 per 100,000.3 The death rate due 
to all causes was 1900 per 100,000 in population 
who were aged 0-4 years at the time of I survey. 
Deaths in between two surveys among the new 
borns were not recorded in the study. The crude 
death rates in total population were lower than 

1640 per 100,000 reported by Central Bureau of 
Health Intelligence for Indian rural population 
during the period.4 This is because of high 
mortality among the newly born between two 
surveys being excluded in the study. It is also 
possible that the crude death rates in the study area 
were lower than the all India rate since crude 
death rates are known to be somewhat lower for 
Karnataka than for the entire country.5 Annual all 
causes death rate of 893 for 100,000 among both 
sexes in 5 years and over age group, in this study, 
were also significantly lower than 1211.3 per 
100,000 calculated from Frimodt Moller’s study 
material (236 deaths in 4138 persons in 4.7 
years).6 
 
     The absence of information about cause of 
death is one of the reasons for the remarkably 
meagre knowledge on mortality rates due to 
tuberculosis in India. McDougal in 19497 quoted 
the cause specific mortality rate due to 
tuberculosis in India as 250 per 100,000. Frimodt 
Moller8 estimated the mortality rate in 
Madanapalle town to be 253 per 100,000 in 1949; 
and 64 to 21.2 per 100,000 between repeat surveys 
in urban and rural Madanapalle areas.6 In these 
surveys deaths among all persons diagnosed as 
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Table 5 

 
Estimates of annual tuberculous mortality rates in population between different surveys (by age) 

 
 

* To arrive at annual rate correction factors applied : 
 

I-II survey … 0.648  II-III survey … 0.636  III-IV … 0.503 
 
having active tuberculosis were regarded as deaths 
due to tuberculosis. In the study under report, 
however, an attempt has been made to arrive at the 
tuberculosis mortality rate by subtracting the 
proportionate number of deaths due to causes 
other than tuberculosis from the deaths due to all 
causes among persons with active tuberculous 
disease. The rates presented in the study may thus 
better estimates of mortality rates attributable to 
tuberculosis. 
 

No doubt the mortality rates presented by 
Frimodt Moller in 19498 were over estimates due 
to the methodology in arriving at the rate. Yet, in 
the absence of better estimates and owing to 
similar figures reported elsewhere7 (250/100,000) 
it could be safely presumed that tuberculosis 
mortality rates of 1949, upto which time no 
specific anti-tuberculosis drugs were available, 
represented the natural tuberculous mortality rate 
in Madanapalle. Compared to that the rates 
reported in the present study (84/100,000) per year 
could be taken as indicative of a declining trend. 
 
     The remarkable difference in death rates 
reported from survey to survey in Madanapalle 

during 1949-55 period were due to facility of 
treatment made available to tuberculous patients 
diagnosed in Madanapalle area since 1949.6 No 
organised anti-tuberculosis services were available 
for the area of the present study and there was no 
such marked difference in the death rates due to 
tuberculosis over a period of five years. The latter 
may be taken to represent a natural situation 
without anti-tuberculous control programme. 
 
 
    Proportional mortality rate from tuberculosis 
i.e., ratio of cause specific death rate due to 
tuberculosis to the total death rate in 5 years & 
over age group in the present study was about 11 
% at the first interval (I-II survey) and between 8 
and 9 % at the later two intervals (i.e., II-III & III-
IV surveys). This contribution was the least in age 
group years (2-4 %) and the highest in age group 
35-54 years (about 15% in first two periods and 
about 10% in the last period of follow up). Though 
tuberculosis mortality rates increased with age and 
the highest was in 55 years and over age, yet, the 
contribution made by tuberculous deaths to the 
total deaths did not show an increasing trend with 
age. 

Between surveys 
I & II 

Between surveys 
II & III 

Between surveys 
III & IV 

Age 
group 

Total 
popula- 
tion 

Estimat- 
ed no. 
of 
deaths 

Annual* 
mortali- 
ty rate 
per 
100,000 

Total 
popula- 
tion 

Estimat- 
ed no. 
of 
deaths 

Annual* 
mortali- 
ty rate 
per 
100,000 

Total 
popula- 
tion  
 

Estimat- 
ed no. 
of 
deaths 

Annual* 
mortali- 
ty rate 
per 
100,000 

1 2 3 4 5 6 7 8 9 10 

5-14 11,936  2   9.8 10,935 1   5.8 10,645 - - 

15-34 10,616 13 79.4 10,060 5 34.1 10,123 10 51.7 

35-54  6,596 15   146.4   5,925 13      135.2  6,007 12 101.3 

55+  2,861 17   394.1  2,569 13      324.3  2,466 29 580.3 

 Total 32,009 47  95.4 29,489 32        69.2 29,241 51     87.6 
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Table 6 

 
Proportional mortality rates due to tuberculosis 

Deaths due to tuberculosis as proportion of total deaths (%) 

Age group 
Ist period 

(I-II survey) 
2nd period 

(II-III survey) 
3rd period 

(III-IV survey) 
Total 

(I-IV survey) 

 
              1 

 
2 3 

 
4 
 

 
5 
 

  5-14   3.5 2.0 - 1.6 

15-34 12.9 6.9 9.3 9.9 

35-54 14.8            14.5 9.6               12.7 

           55+  9.4 7.8            11.5 9.8 

          Total 10.7 8.4 9.1 9.4 

In 55 years and over age group it was around 
10% i.e., almost the same as for age group 15-34 
years and the average of entire 5 years and over 
age group (Table 6). This was inspite of the 
highest prevalence of tuberculous disease in 55 
years and over age group. 

Summary 
     Information on cause specific mortality rates 
due to tuberculosis in India is inadequate. In the 
study under report, these have been estimated 
based on the data obtained from a five year 
epidemiological study in a rural population in 
South India. For this purpose, the estimated 
number of excess deaths due to causes other than 
tuberculosis among patients of tuberculosis, have 
been attributed to the disease. The annual cause 
specific death rate due to tuberculosis was 84 per 
100,000 population aged 5 years & over and it 
represented about 9% of mortality due to all 
causes in the same population. The death rates 
were the highest in 55 years and over age group, 
the lowest in 5-14 years and showed an 
increasing trend with age. 
 
     Compared to the estimates of tuberculous 
deaths in India available for 1949 (about 250/ 
100,000), the present rates were lower. 

Acknowledgement 
     The authors express gratitude to Dr. N.K. 
Menon, Director, National Tuberculosis 
Institute, Bangalore for guidence, and Dr. Kul 
Bhushan for helpful comments. Thanks are due 
to Mr. K.Srikantan, Senior Statistical Officer and 
Mr.K.T.Ganapathy for statistical help, and Miss 
C.S.Indira Bai for secretarial assistance. 
 

REFERENCES 

1. Zaki; M.H. On the Epidemiology of 
Tuberculosis in some selected countries, 
Highlights & prospects for control and 
eradication, Part I, AJ.P.H. (1968), 
58,1962. 

2. Grigg, E.R.N. Am. Rev. Resp. Dis. 
(1958), 78, 426 & 583. 

3. National Tuberculosis Institute, 
Tuberculosis in a rural population in 
South India, Bull. Wld. Hlth. Org. (1974), 
51, 473. 

4. Central Bureau of Health Intelligence, 
DGHS, Ministry of Health and Family 
Welfare, Govt. of India, New Delhi, 
pocket Book of Health Statistics of India 
(1976), p. 9. 

5. Bureau of Economics and Statistics, 
Govt. of Karnataka, Bangalore, Vital 
Rates at a glance (l966-1971). 

6. Frimodt Moller J. A community wide 
tuberculosis study in a South Indian rural 
population 1950-55, Bull. Wld. Hlth. Org. 
(1960), 22, 61. 

7. McDougal, J.B. Tuberculosis: Global 
study in social pathology (1949): The 
Williams & Wilkins Company, 
Baltimore, p. 67. 

8. Frimodt Moller, J. Second report on the 
tuberculosis study in Madanapalle, 
Tuberculosis Association of India, 
Proceedings of the Seventh TB Workers’ 
Conference held in Bombay, New Delhi 
(1949), p.80 


	Home
	Introduction
	Study Area and Method
	Material
	Findings
	Discussion
	Summary
	References

