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INTRODUCTION 

The two main tuberculosis control measures nowadays are BCG vaccination and chemo
therapy. BCG vaccination has been accepted in many countries as the basis of tuberculosis 
control programmes, and will have to be continued in these countries until the disease has 
been eliminated as a serious public health problem. 

Case-finding cannot reduce the tuberculosis problem in a community, but must form part 
of a comprehensive control programme employing all the available means. What, then, is 
the point of discussing case-finding - and particularly case-finding by microscopy -
separately from the tuberculosis control programmes as a whole? Microscopy is believed 
to be the most practicable and effective case-finding method for most developing countries. 
The present study was therefore undertaken to evaluate this method from the technical and 
operational points of view. 

Where resources for tube~culosis control are limited, the highest priority should be 
given to treating infectious cases. This policy is dictated by epidemiological, socio
logical and economic considerations. 

Epidemiological considerations 

The WHO Expert Committee on Tuberculosj.s, in its eighth report, defined a case as 
follows: "from the epidemiological point of view, a 'case' of pulmonary tuberculosis means 
a person suffering from bacteriologically confirmed disease ••• All other possible 
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sufferers from tuberculosis, i.e., those in whom the disease has not been confirmed bacterio
logically, would be classified as 'suspect cases' and would remain so classified unless or 
until the presence of tubercle bacilli or some other etiology was established" (World Health 
Organization, 1964). In other words, ~and suspect cases are two distinctly different 
epidemiological entities. The implications of this concept are being studied in a longi
tudinal survey by the National Tuberculosis Institute (NTI) in Bangalore (unpublished data). 

The survey was started in May 1961 in three "taluks" (sub-divisions) of the rural part 

of Bangalore District, Mysore State. Out of the total of 734 villages, 133, with a total 

population of 77 000, were randomly selected. Children less than five years old were 
excluded from the survey. The methods used were: tuberculin testing, radiography, 
bacteriological examination (microscopy of sputum smears, and sputum culture), testing of 
mycobacterial sensitivity to drugs, and testing for the identification of mycobacteria. 
The same study population was examined·again 18 months later. There was no organized 
control programme in the survey area that could have interfered with the natural trend of 

tuberculosis incidence in that community. 

The bateriological status after 12 months, i11 various categories of the study 

population from 119 villages, is shown in Table 1: 

TABLE 1. BACTERIOLOGICAL STATUS 12 MONTHS 
AFTER THE FIRST EXAMINATION 

Number in 
Culture-positive 

Initial diagnosis 12 months later 
group 

% 

A. Radiologically normal (according 28 961 0.08 
to two readers) (28 376) 

B. Radiologically abnormal (unconfirmed 
by culture) 

(a) Non-tuberculous or inactive 3 308 0.44 
(according to both readers) (2 878) 

(b) Active or probably active 623 0.58 
(according to one reader) (459) 

(c) Active or probably active 496 4.84 
(confirmed by umpire reader) (358) 

c. Radiologically abnormal (confirmed 
bacteriologically) 

* (a) Culture-positive only 98 35.19 
(72) 

* (b) Smear-positive, confirmed by 81 42.96 
culture ( 45) 

* Difference not significant. 
followed up. 

Figures in brackets represent persons 

Roelsgaard et al. (1964), on the basis of data from WHO-assisted tuberculosis prevalence. 
surveys in Africa, have found that the prevalence of infection among children and teenagers 
living in household contact with cases of tuberculosis was higher than in those who lived in 
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households where there were no cases. The prevalence of infection in households with a 
suspect case was between these two extremes, but closer to that in the non-tuberculous 

than in the tuberculous households. 

In comparing the infectiousness of cases, Raj Narain et al. (1966) have shown that 
the proportions of infected children aged 0 to 14 years in households with cases, suspect 

cases and no cases were 41%, 20% and 12% respectively. 

This material indicates a striking difference between the infectiousness of cases 
and that of suspect cases. However, other studies provide strong evidence that the 
potential risk of acquiring infection from cases confirmed on culture only is considerably 
lower than from cases with tubercle b~cilli detectable by direct microscopy. Shaw & 
Wynn-Williams (1954) have demonstrated that, among children 0 to 14 years of age who lived 
in contact with smear-positive, culture-positive and suspect cases, and among those who 
were not in contact with such cases, the prevalence of infection was 65.2%, 26.8%, 17.6% 
and 22.1% respectively. Grzybowski & Alien (1964) studied the prevalence of active 
tuberculosis among 1116 close contacts of persons suffering from pulmonary tuberculosis. 
The prevalence was 6.5% when the sputum of the index case was positive by direct micro
scopy, 1.3% when the bacilli from the index case were found only on culture, and 1.1% when 
the culture was negative. These different rates of prevalence may indeed reflect 
differences in the infectivity of the index cases if one assumes an equal duration of 

exposure. 

These examples illustrate the difference in epidemiological significance between cases 
and suspect cases. They show also that the infectiousness of smear-positive cases was 

higher than that of cases found positive only by culture. 

Economic considerations 

Since, in any country, the resources allocated to tuberculosis control are limited, 
they should be used in the most rational way. Unfortunately, few countries appear to have 
tried to derive the maximum benefit out of the resources available to them for tuberculosis 
control. 

For epidemiological reasons, it is clear that the finding of cases detectable by direct 
microscopy deserves top priority in a control programme. A similar conclusion is reached 
when economic implications are taken into consideration. Rough estimates have been made at 
NTI of the cost of all operations (including the use of transport for supervision) involved 
in finding one sputum-positive case by different methods, in actually existing situations, 
in groups with varying prevalence of tuberculosis. Table 2 gives a comparison of the 
different case-finding methods according to cost: 

TABLE 2. COST (IN US$) OF DIAGNOSING ONE CASE BY DIFFERENT METHODS 

Examination 
Approximate cost Approximate cost of 

of one examination diagnosing one case 

Direct microscopy 0.21 3.4 

Culture examination 0.49 12.1 

70-mm x-ray film 
(Static unit) 0.26 3.5 

70-mm X-ray film 
(Mobile unit) 0.50 73.0 
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The cost of direct microscopy has been estimated on the basis of unpublished NTI data 
connected with the assessment of district tuberculosis programmes. In these programmes, 
direct microscopy is done for a few persons at a time, by general paramedical staff at 
peripheral health institution~ under the supervision of a district tuberculosis centre. 
Approximately 6.2 per cent. (see Table 6) of persons reporting symptoms suggestive of 
pulmonary tuberculosis would be smear-positive by direct microscopy undertaken at peripheral 
health institutions at a cost per case of $ 3.4. Facilities for sputum culture exist only 
at state tuberculosis control centres. One of the aims of providing culture facilities is 
to find cases that would be missed by direct microscopy. Persons reporting symptoms are 
first screened by mass miniature radiography and those with X-ray shadows are offered 
sputum examination by microscopy and culture. On the basis of estimates given in an 
unpublished NTI document on state tuberculosis control centre laboratories, the cost of 
finding a case by culture alone works out at $ 12.1. However, the cost of diagnosing a 
case for the purpose of treatment should include not only the expense of the actual 
examination, but also that of retrieving the patient for treatment. Patients found by 
direct microscopy are put on treatment immediately, whereas those who are culture-positive 
will need to be retrieved when the result of culture becomes available. Thus, operationally, 
the cost of culture for finding additional cases would be higher still. 

Each district tuberculosis centre in India is provided with a static mass miniature 
radiography unit, These centres provide X-ray examination for microscopy-negative persons 
referred to them by peripheral health institutions, as well as for those who attend 
spontaneously. Generally speaking, 30 per cent. of such persons appear to be tuberculous 
according to X-ray examination, but only 25 per cent. of these are confirmed as 'cases' by 
direct microscopy. Again, according to unpublished NTI data connected with the assessment 
of district tuberculosis programmes, it would cost $ 3.5 to diagnose one microscopy
positive case through a static X-ray unit at a district tuberculosis centre. In contrast, 
the cost of finding one case by mobile mass miniature radiography is very high because the 
operational costs are quite out of proportion to the yield of cases. However, the case
finding situations described are not strictly comparable as regards cost, 

The full significance of these costs would be revealed only if they were expressed as 
a single component of the full chain of operations under programme conditions: diagnosis -
treatment - treatment results. An operational model of this is at present being worked 

out at NTI. 

Sociological considerations 

From the planning point of view, it is essential to classify the awareness of chest 
symptoms among persons with tuberculosis as (a) mere consciousness of one or more symptoms; 
(b) awareness of one or more symptoms, causing worry; or (c) awareness of symptoms, leading 

to action, 

A person may suffer direct economic loss through an illness such as tuberculosis; may 
be deprived of certain rigpts; or, in extreme cases, have to change his profession (e.g., 
teacher). If someone knows the significance of certain symptoms and is worried about them, 
he may seek medical advice soon after their onset. Indeed, in countries where mass case
finding is carried out regularly and frequently, it happens that tuberculosis is often 
diagnosed between case-finding rounds in persons who have reported symptoms. Toman (1966) 
reports that, in Czechoslovakia during the period 1963-1964, l 118 068 per~ons over 15 years 
of age were examined, and 1387 cases of tuberculosis were detected as a result. A striking 
fact is that 42% of these cases were found among the 6% of persons examined because of 

chest symptoms. 
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In a district tuberculosis programme in India, case-finding consists in (a) direct 
microscopy of spot sputum specimens collected from persons who have reported symptoms 
suggesting pulmonary tuberculosis, and who have presented themselves at rural general 
health institutions that are equipped with microscopes; and (b) referring abacillary 
persons with chest symptoms to the district tuberculosis centre for a 70-mm X-ray. 

The evaluation of direct microscopy was carried out by NTI in two ways; 

l. Technical (the reliability of the method when performed at a peripheral health 
institution); and 

2. Operational (the workload and corresponding case yield); 

In addition, the case-finding potentialities of the method were estimated. 

Technical evaluation 

In the district tuberculosis programme in India, most peripheral health institutions 
carry out direct microscopy of sputum specimens. Paramedical personnel working in these 
institutions are trained in the techniques of direct microscopy by a qualified laboratory 
technician attached to the district tuberculosis centre. The staff of the centre is 
responsible also for regular supervision of the direct microscopy done in the peripheral 
institutions. 1 

Technical evaluation of the d1rect microscopy performed at these institutions was 
undertaken by the NTI in Bangalore District during the period September 1963 - May 1965. 
The district, excluding the metropolitan area, extends over 3046 square miles and, at the 
time of the 1961 census, had a population of about 1.3 millions in its 13 towns and 
2477 villages. Nine peripheral institutions were selected randomly, and sputum slides 
that had been prepared and read by the paramedical personnel in the field were brought to 
the laboratory of the National Tuberculosis Institute for re-examination. The same sputum 
specimens were also brought to the NTI laboratory, where duplicate smears as well as 
cultures were made. The material was analysed in respect of over- and under-reading of 
smears. 

In order to estimate the extent of over-reading at peripheral institutions, specimens 
originally found to be culture-negative at the NTI were "read" at the nine selected peripheral 
institutions and then again at the National Tuberculosis Institute (Table 3). 

l 
Rao, K. P. et al. (1967) Assessment of sputum examination in a district tuberculosis 

programme (to be published). 
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TABLE 3, OVER-READING OF CULTURE-NEGATIVE 
SPECIMENS BY PERIPHERAL HEALTH INSTITUTIONS 

PHI Culture- % read as % re-read as 

Code negative at smear-positive smear-positive 

No. NTI at PHI's at NTI 

l 306 1.6 1.3 
2 233 3.4 0.4 
3 159 4.4 4.4 
4 156 1.3 1.3 
5 lOB ll.l 1.9 
6 lll 2.7 0.9 
7 lOO l.O l.O 
8 84 o.o 1.2 
9 196 o.o o.o 

Total l 453 2.6 1.3 

Out of the 1453 specimens originally culture-negative, 2.6% were read as microscopy
positive by the peripheral institutions. On the other hand, 1.3% of the same negative 
specimens were also read as positive when re-examined at the NTI. More detailed analysis 
shows that this difference in respect of over-reading was mainly attributable to one of 
the peripheral institutions: No. 5. Had this institution performed with the same efficiency 
as the other eight, over-reading by the peripheral institutions as a whole could have been 
reduced to 1.9%, when the difference between the estimated over-reading at the peripheral 
institutions and at the NTI would cease to be of any importance. 

In order to estimate the extent of under-reading, culture-positive specimens from the 
NTI were examined by direct microscopy at the peripheral health institutions and again at 
the NTI (Table 4), 

TABLE 4. UNDER-READING OF CULTURE-POSITIVE 
SPECIMENS BY PERIPHERAL HEALTH INSTITUTIONS 

PHI Culture- % read as % re-read as 

Code positive at smear-negative smear-negative 

No. NTI at PHI's at NTI 

l 101 26.7 25.7 
2 21 33.3 38.1 
3 23 30.4 21.7 
4 22 86.4 40.9 
5 15 40.0 40.0 
6 16 31.2 25.0 
7 15 46.7 33.3 
8 lO 80.0 30.0 
9 5 20.0 20.0 

Total 228 38.2 29.4 
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It may be seen that, of 228 culture-positive specimens, 38.2% were read as microscopy
negative by the peripheral institutions and 29.4% were re-read as negative by the NTI. 
This difference was attributable mainly to two centres (numbers 4 and 8). Under-reading 
by the other seven rural institutions was nearly as low as at the NTI, that is, about 30%. 

It is clear from these experiments that, with proper supervision and corrective 
training from the experienced laboratory technicians of district tuberculosis centres, 
these peripheral institutions could become highly proficient at direct microscopy. 

Operational evaluation 

An operational field study was carried out from February 1966 to December 1966 in 
Tumkur District, Mysore State, South India, in order to estimate the diagnostic workload 
and case yield by direct microscopy performed at peripheral health institutions. 1 

Tumkur District, in size and density of population, corresponds to an average Indian 
district (4058 square miles in area; 2392 villages; 11 towns; population 1 522 000). 
In addition to the general hospital and the district tuberculosis centre in the chief town 
of the district, there are 94 peripheral health institutions, run by the Government. These 
institutions are of different types, depending on their functions. In the district in 
question, three different types are recognized: primary health centres, health units, and 
rural dispensaries. The primary health centres and the health units perform both curative 
and preventive functions, whereas rural dispensaries have only curative functions. The 
preventive functions carried out by primary health centres include smallpox immunization, 
sanitation, family welfare, maternity and child health - all systematically organized so 
that each primary health centre covers an area with a population of about 75 000 distributed 
among some lOO villages. The preventive functions performed by a health unit are limited 
to a population of about 20 000. In addition, all peripheral health institutions have 
general out-patient departments. 

The Tumkur District tuberculosis programme was organized two years before this study 
began. It is the district tuberculosis centre which bears the main responsibility for 
organizing and supervising the programme. The centre also runs a tuberculosis clinic 
serving mainly the population of the town and some nearby villages. Finally, it 
provides radiography for patients who are referred to it from peripheral institutions. 
This, then, is the only specialized tuberculosis centre in the district. Of the 94 
peripheral institutions, 55 participate in the district tuberculosis programme: 38 of 
these are "microscopy centres", i.e., they are equipped to carry out direct microscopy of 
sputum specimens; the other 17, known as "referring centres", are not provided with 
microscopes, but collect sputa on the spot and send the smears to the nearest microscopy 
centre for examination. The 55 participating institutions are entrusted with the 
domiciliary treatment of tuberculosis patients. A stratified random sample consisting of 
15 institutions - eight microscopy centres and seven referring centres - was selected 
for this study. The study period for all the selected institutions was one month or 
26 consecutive working days. 

During the study period, the total out-patient attendance in all age-groups was 
14 881. Because of the very low expectation of cases in the age-group 0 to 9 years, 
this group was excluded from the study, leaving a total study population of 10 792 
(Table 5). 

1 Baily, G. V. J. et al. (1967) Potential case-yield by direct microscopy 

(to be published). 



WHO/TB/Techn.Information/68.63 
page 8 

TABLE 5. MICROSCOPY-POSITIVE CASES AMONG 
NEW OUT-PATIENTS WITH CHEST SYMPTOMS 

Number microscopy-

Number of % with chest positive among 

patients symptoms those with 
symptoms 

Males 7 204 6.9 36 

Females 3 588 6.4 9 

Both sexes 10 792 6.7 45 

Statistical analysis reveals that the proportion of patients with chest symptoms 
increases with age. 

Out of the 10 792 newout-patients, 724 (6,7%) had chest symptoms of varying duration. 
A sputum specimen was collected from each patient with symptoms, and all the patients were 
examined. Forty-five new cases were diagnosed. Of the 724 persons with chest symptoms, 
352 (24 cases) presented themselves at microscopy centres and 192 (21 cases) at referring 

centres. 

In order to detect all 45 cases, 724 sputum specimens had to be examined in 208 
working days at eight microscopy centres, that is, just under four smear examinations 
per day per centre. Yet by concentrating only on the patients who spontaneously 
reported a cough with a duration of 14 days or longer, the workload could have been 
reduced to two smear examinations per centre per day, and only two of the 45 cases would 
have been missed (Table 6). 

TABLE 6. OPTIMIZATION OF CASE-FINDING BY DIRECT 
MICROSCOPY IN PERSONS WITH CHEST SYMPTOMS 

Persons with chest 
Number of persons 

% 
Number of cases 

% symptoms 
(examinations) smear-positive 

I of less than 

Persons I 14 days' 241 33.2 l 2.2 

spontaneously 
duration 

reporting a I 
of more than 

cough I 14 days' 381 52.6 43 95.5 

I duration 

Persons with a cough (as eliciteq 
by an interviewer) 101 13.9 l 2.2 

Persons with a pain in the 
chest only l 0.3 - -

Total 724 100.0 45 100.0 
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All 724 patients presenting symptoms were referred also to the district tuberculosis 
centre for radiological examination by a static X-ray unit (70-mm camera) (Table 7). 

TABLE 7. PATIENTS' RESPONSE WHEN 
REFERRED FOR RADIOLOGICAL EXAMINATION 

Total Number 
Smear-negative 

smear-
Number positive 

Number % 

Patients with chest symptoms 724 45 679 lOO 

Willing to go 490 39 451 66 

Reported at district tuberculosis 
centre 76 11 65 10 

Returned to peripheral institution 
to learn result of radiological 
examination 55 10 45 7 

Of the patients with chest symptoms, 490 (66%) were willing to contact the district 
tuberculosis centre, but only 76 (10%) actually went there and only 55 (7%) eventually 
returned to the referring institution to learn the result of their radiological examination. 
Among the persons who visited the district tuberculosis centre, there were only 10 cases 
and 5 suspect cases. 

Case-finding potentialities 

An attempt was made to estimate how many of the cases that would be sputum-positive on 
direct microscopy could be detected if, in the rural part of Tumkur district, all 55 rural 
institutions worked in the same way. The rural population is estimated to be 1 466 000. 
Of these, some 1 033 000 are 10 or more years of age, and it is believed that these include 
about 2890 cases that would be positive on direct microscopy. In addition, approximately 
1340 cases would be positive on culture only. The 55 rural health institutions would 
diagnose annually about 60% of the cases that would be microscopy-positive and about 41% 
of all cases including those that would be culture-positive (Table 8). 

Total 

Total 

TABLE 8. EXPECTED ANNUAL CASE YIELD IN THE RURAL 
PART OF TUMKUR DISTRICT (POPULATION AGED 

10 YEARS OR OVER: 1 033 000) 

Estimated annual case yield 
Prevalence Number 

a percentage of cases 

smear-positive 2 890 60.2 

cases including 
culture-positive 4 230 41.1 

as 
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No doubt, if such a large proportion of the total pre\alence were kept under control 
continuously, one might expect a substantial reduction of the tuberculosis problem in the 
area. 

CONCLUSIONS 

Epidemiological considerations demonstrate clearly the high significance of microscopy
positive cases in the transmission of tuberculous infection to the susceptible population. 
There is strong evidence that patients from whom bacilli can be isolated only by culture 
represent a lower risk to the community. Suspect cases have generally a good prognosis, 
and very few of them are likely to become infectious. Such epidemiological ranking of 
various categories of tuberculosis cases and suspects forms a sound basis for planning and 
for the allocation of available resources. 

There is evidence that, in countries where tuberculosis is prevalent, it affects 
the rural population just as much as the people living in crowded cities. As the 
population in those countries is predominantly rural, case-finding efforts oriented only 
or mainly towards city dwellers cannot exert the desired effect on the problem. This makes 
it mandatory t6 provide antituberculosis services all over the country. Simple and reliable 
diagnostic facilities for tuberculosis, such as direct microscopy, must therefore be integrated 
into the existing general rural health network. 

If the prevalence of tuberculosis in a country is high, then the total pool of infected 
persons in the community (being a function of cases) must also be large, as has been 
demonstrated by prevalence surveys. Infected individuals from this pool may develop the 
clinically active disease at any time. This is a continuous process which renders permanent 
diagnostic facilities an absolute necessity. Mass mobile case-finding facilities alone 
would detect only few of these cases. Between mass case-finding rounds, the infectious 
pool would continue to produce cases uninterruptedly. On the other hand, a firmly established 
network of permanent facilities for direct microscopy, integrated into peripheral health 
institutions, would leave few cases undetected. 

For economic and epidemiological reasons, infectious cases deserve the first priority 
in a tuberculosis control programme, and it is by rendering these cases bacteriologically 
quiescent that the greatest benefit will be derived from the available resources. Culture 
is of advantage in cases that are less infectious. Suspects, that is, persons with chest 
X-ray shadows, are obviously the third priority, especially in the early stages of develop-
ment of a community-oriented programme. 
radiography is prohibitively expensive. 

The cost of detecting on~ case by mass mobile 

From the sociological considerations, it may be concluded that tuberculosis causes 
considerable suffering. Among the patients in rural areas, it is those who are the most 
aware of their symptoms who seek help from health institutions. The sociological implications 
for the planner of tuberculosis control services are far-reaching. It is the "felt need", 
caused by suffering, that must be satisfied first. The constant pressure that thousands 
of patients with chest symptoms exert on peripheral health institutions justifies the 
strengthening of these institutions so as to satisfy the demands made on them. Not only 
would this course alleviate human suffering, but it would increase public confidence in 
the health services. As a result, many people who normally would only have worried about 
their symptoms would be prompted to action. 

Operational considerations have demonstrated that the total number of out-patients 
includes a substantial proportion of patients presenting themselves at peripheral health 
institutions on account of symptoms suggesting pulmonary tuberculosis. By careful 
selection, about 96% of the cases in persons spontaneously presenting themselves could be 
found. This yield could be achieved by examining, on an average, only two sputum specimens 
daily at each institution, and such a "workload" should be quite acceptable to the staff 
working at the rural level. 
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The great operational advantage of diagnosis by direct microscopy is that it enables 
domiciliary treatment to be started immediately. In this way the loss of patients that 
otherwise would result from a delay between diagnosis and treatment can be virtually 
eliminated, 

The operation of culture facilities is difficult. In a programme that is based 
on case-finding in persons who complain of symptoms, the additional yield by culture is 
not great. Culture examination is complicated and requires highly trained staff. 
Finally, there is considerable delay between the collection of sputum and the receipt of 
culture results by which time the suspects who have turned out to be culture-positive are 
dispersed all over the area covered by the programme. Such persons are difficult to 
trace and retrieve for treatment, 

In the present study, patients responded poorly to the opportunity that was given 
to them of being referred to a district tuberculosis centre for radiological examination. 
If this is a typical response, the role of X-ray examination in a community-oriented 
programme would seem to be severely limited, The radiological service for the 
tuberculosis programme in the district concerned serves mainly patients residing in the 
town and in a few nearby villages. It remains to be seen whether it would not be more 
profitable to equip some conveniently located centres with multi-purpose X-ray units that 
would serve many more purposes besides the detection of chest abnormalities. 

Last, but not least, case-finding is merely a step towards treatment which is the 
actual control measure. From the operational point of view, merging suspect cases 
with true cases of tuberculosis results in an artificial increase in the number of patients 
to be treated on a domiciliary basis by the already strained peripheral health institutions, 

On the basis of the technical considerations, the following conclusions may be drawn: 
The fear that- as in the misinterpretation of radiological lung abnormalities - direct micro
scopy of sputum specimens could result in diagnostic errors, especially when it is performed 
by paramedical staff who have undergone only short training, has not been substantiated. 
In the present study, the observed over- and under-reading of slides was attributable 
mainly to a few workers who failed to attain the required technical standard. Most of 
them were as proficient as the "standard" microscopist. In an integrated programme, such 
deficiencies could be eliminated easily through constant supervision by a qualified 
laboratory technician from a supervisory centre, Moreover, it is likely that, in 
developing countries, it will soon be possible to train technicians from mass campaigns 
as multi-purpose laboratory workers and assign them to peripheral health institutions, 
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