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Introduction 
 

It is well known that repeat sputum 
examination increases the yield of positive cases 
of pulmonary tuberculosis (Barton, 1958; 
Chandrasekhar et al, 1970; Nair et al, under 
print). For the purpose, overnight collected 
sputum specimens are considered superior to 
spot specimens (Andrews & Radhakrishna, 
1959) though not always (Rao et al, 1966). 
Practical considerations, however, tend to restrict 
the number and type of specimens that may be 
obtained from each individual. 
 

In surveys, where ‘culture only positive’ 
cases preponderate, though examination of two 
specimens from each eligible individual 
discovers a majority of the cases, yet each 
succeeding specimen may add about 10% to the 
initial yield, till six to eight more specimens have 
been examined (Nair et al, ibid). Among 
symptomatics attending TB Centres, however, 
examination of two specimens discovered over 
85 % of all smear positives ho could be found on 
examination of as many as eight specimens from 
each individual (Nagpaul et al, 1974). This is 
because relatively advanced cases attend TB 
centres, which may also explain why the yield 
from two smear examinations nearly 
equalled that from one culture. 
 

The preliminary screening to decide 
eligibility for sputum examination, in the clinic 
as well as survey situations, is by X-ray 
examination except in peripheral health 
institutions under the National Tuberculosis 
Programme (NTP). It would be worthwhile to 
investigate the relation-ship between the X-ray 
screening and bacteriological results, in terms of 
the initial yield as well as further additions by 
repeated sputum examination. Since culture 
facility is not always available, the relationship 
in respect of the smear alone results may also be 
of interest to NTP workers. 
 
Method and Material 
 

In the reported study by Nagpaul et al (ibid), 
1701 symptomatic patients over 5 years of age 
had attended an urban tuberculosis centre for  

diagnosis over a period of five weeks. They were 
examined by X-ray followed by sputum. To cast 
the net for sputum examination wider, all the X-
rays were adjudged as per the NTP code (DTP 
manuals, 1974), independently by two X-ray 
readers. The X-ray abnormals of either reader 
were listed in. three sub-groups. A stratified 
systematic sample comprising 236 patients was 
then drawn from the sub-groups. Each sample 
patient was subjected to eight successive sputum 
examinations, by smear as well as culture. 
 

All sputum specimens — four spot and four 
overnight from each — were obtained by a 
research team in the patients’ homes. The first 
sputum container having been issued at the 
centre, a minimum of four home visits was 
essential for collection of all the eight specimens. 
Since many of the patients were put on 
treatment, a fortnight was the maximum period 
allowed to complete the collection. Each 
specimen was examined without reference to the 
results of the other specimens collected from the 
same patient. 
 

Of the 236 study patients, 42 (17.8%) had to 
be excluded: 20 either did not co-operate or had 
no sputum at times, 11 gave wrong or 
insufficient address, 10 migrated and one died, 
leaving 194 patients for analysis. 
 
Results 
 
a. X-ray Screening 

Correlation between the results of the two X-
ray readers is given in Table 1. 
 

Of the 194 double readings, complete 
agreement between the readers was in respect of 
the 90 (46.4 %) shown on the diagonal. The 
maximum agreement was for the TBP reading 
only i.e., 64 out of 110 (58.2 % ) Frequencies 
above the diagonal line being fewer, a com-
paratively more discriminative or “conservative” 
reading by the second reader was obvious. Such 
a wide disagreement in X-ray reading in clinical 
material between experienced readers was not 
expected. Instead of an umpire reading for re-
solving the disagreements, the difficulty about 
studying the relationship  
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Table 1 
Correlation between X-ray screening results 

Second Reader 

 
 

N 
 

OBS NT TBHA PLEF TBP Total 

N ** 3 - - - -  3 

OBS 14 6  2 4 1  2 29 

NT 22 6 15 - 1 - 44 

TBHA  4 - - 2 - -  6 

PLEF  1 - - - 3  1  5 

   
   

   
 F

ir
st

 R
ea

de
r 

TBP 7 21 13 - 2 64 107 

Total 
 

48 
 

     36 30 6 7      67 194 

 
Note: The second reader had read one OBS and one TBP of the first reader as technically inadequate X-rays. 

Therefore, the first reading was accepted for both for analysis. 
**Normal by both readers have been excluded 
N = normal; OBS = for observation; NT =non-tubercular; TBHA = tuberculous hilar-adenitis; 
PLEF = pleural effusion and TBP = pulmonary tuberculosis. 

 
between bacteriological results and X-ray 
findings was resolved by allowing a maximum 
of over-reading on the one hand, to achieve best 
sensitivity in respect of case-finding and a 
maximum of agreement between the readers for 
best specificity, on the other hand (refer to 
section ‘e’). 
 
b. Sputum Examination  

All the eight specimens were collected 
during four consecutive home visits from 64% of 
the patients; 18% required five, 15% six and the 
rest upto eight home visits. 
 

Of the 194 patients thus examined 
bacteriologically, 46 were smear as well as 
culture positive, 7 were smear only positive and 
19* were culture only positive, on the basis of all 
the eight specimens, irrespective of any 
particular specimen or mode of examination. 
Thus, a case classified as smear and culture 
positive could be smear only positive or culture 
only positive or both positives on any one or 
more than one specimens, and so on. 
 

Bacteriological confirmation, therefore, in 72 
out of the 194 X-ray abnormals was of the order 
of 37.1%; if the smear only positives are  

 
* The earlier report had listed 22 culture only positives. 
Later, three cultures could not satisfy all specific 
identification tests causing their exclusion. 

excluded, for likelihood of false positivity, then 
the confirmation rate gets reduced to 33.5%. 
 
c. Addition by repeat examinations 

Table 2 shows the initial yield from the first 
and the subsequent additions by each of the 
succeeding seven sputum specimens, in 
chronological order, separately by smear and 
culture for each of the three groups of sputum 
positives i.e., smear and culture positives (46), 
smear only positives (7) and culture only 
positives (19), respectively. 
 

Of the 46 cases in the first group, smear 
examination alone found 34 (74%) from the first 
and added 7 (15%) from the second specimen. 
When smear and/or culture results are considered 
together, the first specimen yielded 43 (93 %) 
and the second added the remaining 3 (7%). The 
importance of examining at least two sputum 
specimens, by smear or by smear and culture for 
finding bulk of the positive cases in clinical 
material, therefore, emerges prominently. 
 

Under NTP conditions, the ‘smear only 
positives’ in the material will also have to be 
considered. Thus, the first specimen found 36 
(68%) and the second added 9 (17 %), 
discovering 45 (85%) of 53 total smear positives 
in the material.  

The likely impression from Table 2 that the 
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Table 2 
 

Initial yield from first and additions by successive sputum specimens 
 

 
Positives found by chronological order of specimens 

 Group 

 
 

Examination 
 
 1st 2nd 3rd 4th 5th 6th 7th 8th 

 
By smear 

 
34 7 1 1 - - 1 2 

S+C+ 
Cases 
(46) 

 
By smear 

and/or 
culture 

 

43 3 - - - - - - 

S+ only 
Cases 

(7) 
By smear  2 2 - - - 1 1 1 

C+only 
Cases 
(19) 

By culture 10 5 2 - - 1 1 - 

 
Table 3 

Positive results from each specimen by smear or culture in chronological order of specimens 

 
Positive results by chronological order of specimens 

 
 

1st* 
 

2nd 3rd* 4th 5th* 6th 7th* 8th Group 

 
 

No. 
 
  

S 
 

C S C S C S C S C S C S C S C 

 
S+C+ 

 

 
46 
 

34 42 38 45 32 45 37 46 32 43 34 45 32 42 36 43 

C+ 
 

19 
 

- 10 - 10 -  8 - 10 -  4 - 10 -  7 -  5 

 
S+ 

 
 7  2 - 2 - 0 - 0 - 0 -  1 -  1 -  1 - 

 
All 

 
72 36 52 40 55 32 53 37 56 32 47 35 55 33 49 37 48 

 
S = Smear;  C = Culture;  * are spot specimens  
 

34 smear positives from the first specimen were 
culture positive at the same time and were 
included among the 43 smear and culture 
positives, and so on, will be dispelled by Table 3 
which shows the actual positive results obtained 
by smear or culture, separately from each 
specimen. Of the 43 (out of 46) smear and 
culture positives discovered from the first 
specimen, 42 had a positive culture. And among 
them only 32 were smear positive (not shown). 
 

Table 3 also shows a variability in positive 
results from specimen to specimen, suggesting 
that yield of positive cases may not be the same 
if any one of the eight were regarded as the first 
specimen. Of course, differences in positivity 
between smear and culture results are due to the 
known greater sensitivity of culture but 
differences in either from specimen to specimen 
are perhaps due to chance variation and or 
intermittant positivity in some cases (Table 4). 
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Table 4 shows how many times were cases 
from any of the three groups of cases positive 
respectively out of the eight smears and cultures 
done for each. The occurrence of intermittent 
positivity is better seen among the culture only 
and smear only positives because some of them 
were positive only once or twice out of the eight 
culture examinations done and all were positive 
only once on smear. Inspite of these two factors, 
the overall variability from specimen to 
specimen among bulk of the cases i.e., those who 
were smear and culture positives was not 
significant. It could, therefore, be concluded that 
any two specimens may give results roughly 
equal to these shown (section c) for the first two 
specimens 
 
d. Spot Vs Overnight specimens 

In Table 3, 1st, 3rd, 5th and 7th are spot and 
the alternates are overnight specimens. On an 
average, in respect of the smear and culture 
positive cases, the spots yielded 32.5 positive 
smears compared with 36.25 from the 
overnights. In respect of cultures, the difference 
was still less i.e., 43 and 44.75 respectively. The 
differences were not significant statistically. 
Therefore, superiority of overnight over spot 
specimens in respect of the routine clinical 
material could not be substantiated. 
 
e. Relationship between X-ray and sputum 
results  
 

In the absence of umpire decisions on X-ray  

reading disagreements, it is optional to correlate 
sputum results with either X-ray reading. One 
reader may have picked up more of real cases 
(better sensitivity) than the other. The clinical 
situation carries with it an obligation to treat. It 
would therefore be reasonable to accept a degree 
of over-reading to achieve better sensitivity to 
give a benefit of doubt in favour of treatment to 
as many cases as possible. One could regard 
results from normal (N) to pulmonary 
tuberculosis (TBP) in that sequence — in Table I 
— as the order of over-reading and compute the 
over- read X-ray results as 110 (56.8 %) of 
TBPs, 6(3.1 %) of PLEFs, 10(5.1 %) of TBHAs, 
45 (23.2%) of NTs and 23(11.8%) of OBS. 
 

The total 72 sputum positive cases are 
distributed category-wise in Table 5 according to 
the X-ray results of either reader and the 
computed over-readings arrived at in the 
preceding paragraph. As expected, bulk of the 
sputum positive cases had in any case been read 
a TBP. The NTs had made the next best 
contribution to case-finding. However, the 
discriminative reading of the second reader 
declaring 48 out of the 191 X-ray abnormals by 
the first reader as normal (Table 1) and so on, 
had not helped much since some X-rays labelled 
by him as OBS or normal were of real cases. 
 

The advantage of adopting a more sensitive 
computed over-reading strategy of analysis lay in 
the finding that 64 (Table 5) out of the 72 cases 
(89%) got classified as TBP with the next

 
Table 4 

Frequency of positive results by kind of cases and nature of examination 
 

 
Positives out of eight examinations 

 Group 

 
 

Examination 
 
 

Once 
only 

Twice 
only 

Three 
times 

Four 
times 

Five 
times 

Six 
times 

Seven 
times 

Eight 
times 

 
Smear 

 
4 3 2 1 4 5 11 16 

S+C+ 
Cases 
(46)  

Culture 
 

- - - 1 1 2  6 36 

 
C+ 
cases 
 (19) 
 

Culture 
  8 1 2 1 2 2  2  1 

 
S+ 
cases 
(7) 
 

Smear 7 - - - - - - - 
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Table 5 
Sputum positive 72 cases correlated with the different X-ray readings according to case category 

1st Reader 2nd Reader Computed over-readings X-ray 
Result 

 S+C+ S+ C+ S+C+ S+ C+ S+C+ S+ C+ 

N - - -  1 2  1 - - - 

OBS  1 1  1 - 1  4 - -  1 

NT  1 2  2  2 1  4  1 2  2 

TBHA - -  1 - 1  1 - 1  1 

PLEF - -  1 - 1  1 - - - 

TBP 44 4 14 43 1  8 45 4 15 

Total 46 7 19 46 7 19 46 7 19 

best contribution of 7% from NTs. Of the total 
110 over-read as TBP by this analysis, 
bacteriological confirmation was obtained only 
in respect of 64 (58.2%) smear and/or culture 
positives or 60 (54.5 %) culture confirmed cases. 
Nearly half of the 110 cases will, therefore, have 
to be treated on suspicion of tuberculous 
aetiology, even after examining eight specimens 
from each by smear and culture. On the other 
hand, among the more specific category of 64 
(Table I) agreed TBPs by both the readers, only 
49 (68 %) out of the total 72 cases (not shown) 
were there. And bacteriological confirmation in 
respect of these 64 agreed TBPs was 49 (77%) 
smear and or culture positives or 48 (75%) 
culture confirmed. In either case, therefore there 
has to be a sizeable ‘over treatment’ due to lack 
of bacteriological proof of aetiology and the 
observed relationship between X-ray results and 
bacteriology is not very helpful. 
 
Discussion 
 

The problem of suggesting a more 
rational procedure of case finding for pulmonary 
tuberculosis is because (1) there is generally only 
one chest X-ray on which the judgement about 
presence and nature of the pulmonary pathology 
has to be based, (ii) X-ray reading has got many 
well known pitfalls, along with disagreements 
even between experienced readers, (iii) without 
bacteriological confirmation the diagnosis of 
tuberculosis always remains presumptive but 
sputum examination is often neglected as it is 
considered messy, (iv) though sputum 
confirmation increases with repeated 
examination, preferably with the benefit of 
culture, multiple examinations are impracticable 
and culture generally is not available. Having to 
accept a patient’s statement that he does not 
bring up sputum, the finding, sometimes, of just 
a few bacillary forms in a sputum smear and the 

getting of positive smear results not confirmed 
by culture (when available) add to the problem 
of a scientific diagnosis. Operationally, on 
account of the widespread belief that overnight 
collected specimens are better, it is common to 
find that neither the patient nor the sputum 
container given for bringing overnight sputum 
return to the diagnostic centre. 
 

This study gives some insight into these 
problems in respect of persons reporting with 
symptoms at a tuberculosis centre. 
 
 

Chest X-ray may be unmatched at present 
for screening those who have pulmonary 
pathology but its value as a tool for firm 
diagnosis of pulmonary tuberculosis remains 
weak. By adopting a strategy of over-reading, to 
overcome inter-reader disagreements and 
increase “sensitivity” of X-ray reading to an 
extent that 89% of the confirmed cases were read 
as pulmonary tuberculosis (TBP), bacteriological 
confirmation did not exceed 58% even after 
subjecting each to eight smear and culture 
examinations. On the other hand, an agreement 
between two readers to achieve maximum 
“specificity”, for diagnosis of pulmonary 
tuberculosis — resulted in exclusion of about 
one third of the confirmed cases from diagnosis 
as TBP. And the bacteriological confirmation 
among them was no more than 77%. In other 
words, if treatment were prescribed on X-ray 
results alone, then half to one fourth of cases at 
least would be treated on a presumptive 
diagnosis, in a clinical situation wherein a 
majority (46 out of total 72) of cases may be 
relatively advanced in the sense that they are 
smear as well as culture positive. 
 

It is believed that already there is a consider 
able over-reading of X-rays (if bacteriological 
confirmation is insisted upon for firm diagnosis) 
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under the NTP because comparatively less 
experienced single readers evaluate the X-rays. 
Sputum confirmation by smear examination 
seldom exceeds 25%.  Presuming that nearly all 
the real cases are being picked up on X-ray 
(when done), over treatment is bound to be 
considerable under the NTP. In a different ‘case 
mix’ situation i.e., when the tuberculosis patient 
content is less or they are not so advanced, the 
relationship between the X-ray reading of 
pulmonary tuberculosis (TBP) and 
bacteriological confirmation, may become still 
more tenuous. 
 

It is fortunate that in this kind of clinical 
material two sputum specimens collected from  
the X-ray abnormals, examined by smear and or 
culture, detected the bulk of the cases. The 
additional yield (<10-15 %) from repeat sputum 
examinations was in respect mainly of the 
culture only or smear only positive cases (Table 
2). However, two smear examinations if done 
under NTP would have confirmed 45 (62%) of 
the total 72 cases in the material. This number 
could go up to 65 (90%) if culture were also 
added. The gap of 20 (28%) due to the better 
sensitivity of culture would be largely covered 
up by treatment offered on the basis of X-ray 
reading. 
 

The ‘smear only positives’ not confirmed by 
culture are usually regarded as either false results 
or dead bacilli on account of previous treatment. 
Though the symptomatics in this material had 
contacted the centre for diagnosis for the first 
time, yet some may have received treatment 
elsewhere. It is curious however that all seven 
such cases were positive only once out of eight 
examinations done, and a few were heavily 
positive even. Why should dead bacilli be found 
only once? A complementary situation was seen 
among the culture only positives: eight out of the 
19 were positive just once (Table 4) but there can 
be no scope of a doubt about them being false 
cases. Again, among the 46 smear and culture 
positive cases, only 16 were smear positive all 
the eight times and 36 culture positive all the 
eight times. This finding therefore calls for a 
deeper study of the phenomenon of intermittent 
positivity. 
 

Even though overnight collected sputum 
specimens were not found superior to spot 
specimens in this study, they could also be 
considered had there not been serious operational 

difficulties. A sizeable non-return of patients 
with their overnight specimens (and a steady loss 
of expensive sputum containers), the 
impossibility of ensuring a ‘good’ specimen 
through unsupervised collection and the 
likelihood of a mix-up of specimens favours the 
collection of spot specimens. Under programme 
conditions, advice is often given to patients to 
bring the overnight sputum in own containers. 
The practice is objectionable on many counts 
Therefore, supervised collection of spot 
specimens is recommended as the standard 
programme procedure. 
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