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Short Report

Adequacy of two versus three sputum
specimens for the diagnosis of pulmonary
tuberculosis

ASHWINI KUMAR,  INDIRA BAIRY,  CHYTHRA R. RAO,
VISHNU PRASAD,  SANJAY PATTANSHETTY,
CHARMAINE MINOLI SAMARASINGHE

ABSTRACT
Background. The new guidelines issued by the Revised

National Tuberculosis Control Programme for diagnosis of
smear-positive tuberculosis recommend examination of only 2
sputum smears. We did a retrospective analysis of data from
a designated microscopy centre to ascertain the diagnostic
yield of 2 smears and the additional yield provided by the third
smear.

Methods. Data were obtained from the designated micro-
scopy centre attached to our medical college. A total of 3257
patients with suspected tuberculosis had undergone sputum
examination between September 2004 and March 2009.
However, only 1762 of them had 3 sputum specimens examined.
Data were entered and analysed using SPSS version 11.5.

Results. Among the 1762 suspected patients, positivity in
any 2 samples was found to be 17.7% while 19% were found
to be positive in a single smear. A statistically insignificant
association was found between the grading and positivity of the
sputum samples using McNemar test. A positive third sample
was found in 309 patients. If the first 2 samples were negative,
the possibility of missing a third positive sample was 0.4%.

Conclusion. Under field conditions, 2 sputum smears are
as effective as 3 smears for diagnosing smear-positive
tuberculosis.
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INTRODUCTION
India has nearly one-third of the global burden of tuberculosis
(TB) and the number of sputum smear examinations for detecting
all patients with TB would be nearly 30 million per year (one
million sputum-positive ‘incidence’ cases, 10% positivity rate
from attending symptomatic persons and 3 smears per symptomatic
person).1 Considering the existing caseload and the continuous
addition to this pool of patients, services for the control of TB
would be required for at least another 40–50 years in India. The

failure to promptly identify and treat infectious cases stands out as
a critical obstacle to the global control of TB. In addition to
focusing on developing new technologies to support case-finding,
existing technologies, approaches and recommendations need to
be examined carefully to determine whether they are being utilized
optimally and to identify areas in which improvements in efficacy
and efficiency can be made.

The major reasons for failure to control TB include incomplete
case-finding.2 Early detection of sputum smear-positive TB cases
is important to reduce transmission of the disease. In resource-
poor countries, where options are limited, sputum examination by
direct microscopy is considered the method of choice for the
diagnosis of active disease. The reliability, low cost and ease of
direct microscopy examination have made it the number one case-
finding method. Currently, 3 sputum samples are collected over 2
consecutive days and stained for acid-fast bacilli. The overall
yield for smears is superior with multiple specimens than with a
single specimen. The intermittent and irregular release of
mycobacteria into the bronchial lumen from mucosal ulcers and
loculated cavities often result in a variable pattern of recovery
from respiratory secretions. Smears for acid-fast bacilli done on
specimens obtained from patients with pulmonary TB may be
positive on one day but negative on the next, thus necessitating a
minimum of 3 sputum samples to be collected to maximize the
chances of detecting mycobacteria on sputum examination.3

The new RNTCP guidelines for the diagnosis of smear-positive
TB, effective from 1 April 2009, specify that the number of
specimens required is 2, with one of them being an early morning
sputum specimen. Two sputum specimens are collected over 1 or
2 consecutive days. One of 2 positive specimens is enough to
diagnose a patient as having smear-positive TB.4 Studies have
shown that cases with TB can be diagnosed by doing 2 smear
examinations rather than the so far recommended 3, thus saving
time as well as cost.1,5 This strategy could potentially increase case
detection by improving the quality of examination of the first
2 specimens. To validate these findings, we did a study at a
Designated Microscopy Centre (DMC) of a tertiary care hospital
attached to a medical college.

METHODS
We did a retrospective, record-based, descriptive study. Data
were obtained from the laboratory register of the RNTCP-approved
DMC, attached to a tertiary care medical college hospital. Patients
from within the state and outside use this centre. From September
2004 to March 2009, all patients suspected to have TB who had
3 sputum examinations done were included for analysis. Data
were analysed using SPSS version 11.5.

RESULTS
A total of 3257 patients had sputum examination during this
period, but 1762 had 3 sputum examinations done. Of the slides
reported as positive, 6%–7% were found to be 3+ in grading
(Table I). Only 2.5% of the smears were reported as scanty
irrespective of being first, second or third samples. The positivity
of the 3 specimens was nearly equal at 17%. The positivity and
negativity of the 3 specimens remained the same even though the
data were obtained from a tertiary care hospital. Using McNemar
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test for assessing the statistical association, the positivity and
grade of sputum specimen did not differ between the first, second
and third samples. The association was found to be statistically
insignificant, which means that the positivity was the same
irrespective of the sputum sample. The p values obtained were:
first and second sample p=0.843; second and third sample p=0.453;
first and third sample p=0.761.

Among the 1762 suspect cases of TB, positivity in any 2
samples was found among 312 (17.7%) while 335 (19%) had the
presence of acid-fast bacilli in a single smear. Only 7 of the
suspects (0.4%) had a positive third smear with the first two
smears being negative. Thus, only 0.4% of the suspects will be
missed if only 2 samples are taken for diagnosis.

DISCUSSION
A recent systematic review quantified the diagnostic yield of each
of 3 sputum specimens. The average incremental yield and/or the
increase in sensitivity of examining a third specimen ranged
between 2% and 5%. Reducing the recommended number of
specimens examined from 3 to 2 (particularly to 2 specimens
collected on the same day) could benefit TB control programmes,
and potentially increase case detection for several reasons.6

Studies done in the 1950s and 1970s on the marginal benefit of
several smears demonstrated that most cases are detected on the
first 2 smears. In 1959, Andrews and Radhakrishna reported that
73% and 84% of culture-positive pulmonary TB patients in their
study were diagnosed by 1 and 2 smears, respectively.7 Another
study in India of 8 consecutive sputum specimens corroborated
these findings with 79% of all new cases being detected with 1
smear, 95% with 2 smears and 98% with 3 smears.8

A diagnostic strategy based on 3 serial smears maximizes
sensitivity, but it has substantial drawbacks. First, it implies a
vastly increased number of false-positive patients who will be put
on treatment. Second, doing 3 sputum smear examinations for

each patient suspected of having TB may overload these
laboratories.9

We found that when the first 2 specimens were negative, a
positive third smear occurred in only 0.4% of cases. Minimal utility
of the third sputum specimen has also been reported in studies
done in India and abroad, which confirms the need for using only
2 sputum samples for the diagnosis of pulmonary TB.1,10–13

Reduction in the number of smears to 2 is expected to reduce the
cost for patients as well as for healthcare providers without
compromising quality. So, the new RNTCP guidelines are justified
in recommending 2 smears for the diagnosis of pulmonary TB.
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TABLE I. Grading of three sputum specimens (n=1762)

Grade First Second Third
specimen (%) specimen (%) specimen (%)

3+ 116 (6.6) 133 (7.6) 117 (6.6)
2+ 67 (3.8) 69 (3.9) 81 (4.6)
1+ 76 (4.3) 67 (3.8) 61 (3.5)
Scanty 41 (2.3) 43 (2.4) 50 (2.8)
Total positive 300 (17.0) 312 (17.7) 309 (17.5)
Negative 1462 (83.0) 1450 (82.3) 1453 (82.5)
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