Culture result of smear-positive sputum samples after
2 months of antituberculous treatment
To the Editors:
The correlation between sputum smear for acid-fast bacilli
(AFB) and culture for Mycobacterium tuberculosis is usually good
before antituberculous treatment (ATT), but it is not so good
after treatment has started. In previous studies, up to 23.5% of
patients had sputum that remained smear positive after
2 months of ATT [1]. Old age, high bacillary load, presence of
pulmonary cavitary lesions, treatment interruption and emergence of resistant strains are risk factors of persistent smear
positivity. Determining whether these sputum samples contain
viable tuberculosis (TB) bacilli is crucial because it indicates
higher rates of relapse [2, 3]. Meanwhile, for patients without
viable TB bacilli, modifying treatment regimens and isolation
appears to be redundant. However, the results of mycobacterial
culture are only available after 2 weeks, even when using
fluorometric liquid culture technique. Despite having good
sensitivity and specificity, commercialised nucleic acid amplification tests are expensive and do not discriminate between
viable and dead bacilli and, therefore, are not recommended for
TB patients receiving ATT. Thus, we conducted a study to
identify clinical factors for predicting the culture results of the
persistent smear-positive sputum samples in a 2,100 bed,
tertiary-care referral centre in northern Taiwan and an 800 bed
local teaching hospital in southern Taiwan.
In the two hospitals, all sputum specimens were processed by
adding NaOH-citrate-N-acetyl-L-cysteine at room temperature
for 15 min. After centrifugation, the precipitate was resuspended [4]. Before October 2006, smears for AFB of the
processed samples were stained using the Kinyoun method.
From November 2006, the smear was stained with auraminerhodamine fluorochrome [5]. Smears were graded according to
guidelines established by the American Thoracic Society [6]
and the highest smear grading was recorded. All collected
specimens were sent for mycobacterial culture using two types
of culture media: Middlebrook 7H11 selective agar with
antimicrobials (Remel, Lexena, KA, USA) and the fluorometric
BACTEC technique (BACTEC Mycobacterium Growth
Indicator Tube 960 system; Becton-Dickinson, Heidelberg,
Germany). Growth on either of the two media was considered
as a positive culture. Mycobacterial species were identified
using conventional biochemical testing [5]. The susceptibility
test of first-line antituberculous drugs was examined using two
concentrations of isoniazid (0.2 and 1.0 mg?mL-1) and ethambutol (7.5 and 15 mg?mL-1), and one concentration of rifampicin
(1.0 mg?mL-1). For isoniazid and ethambutol, low-level resistance was defined as resistance.
Between July 2003 and June 2008, 1,925 patients were
diagnosed with pulmonary TB. Among them, 1,620 (84.2%)
patients were culture positive with 898 (46.6% of total; 55.4% of
culture positive) being smear positive. Among the 898 patients
who were smear positive and culture positive, samples were
collected after 2 months of ATT in 812 (90.4%) patients and
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remained smear positive for AFB in 60 (6.7%) patients. The 60
patients whose sputum remained smear positive after 2
months of antituberculous treatment collected three earlymorning sputum samples after 2 months of treatment. Among
the 60 AFB smear-positive patients, sputum samples were still
culture positive for M. tuberculosis in 33 (55%; culture-positive
group), including 18 (55%) patients having three positive
cultures, seven (21%) having two positive cultures, and the
remaining eight (24%) having a single positive culture. Sputum
samples were culture negative after 2 months of ATT in the
remaining 27 (45%; culture-negative group) patients. All of
them were Taiwanese and were not infected by HIV.
All patients in our study cohort started their ATT with a
standard regimen consisting of daily isoniazid (5 mg?kg-1),
rifampicin (10 mg?kg-1) and ethambutol (15–20 mg?kg-1), plus
pyrazinamide (20–25 mg?kg-1) (also known as HREZ) for the
initial 2 months (intensive phase), followed by daily isoniazid
and rifampicin for another 4 months (continuation phase) [7].
Treatment interruption in the first 2 months was defined as
administration of ,56 doses of the drug within 8 weeks. The
treatment outcomes were recorded according to the definition
recommended by the World Health Organization [8].
Meanwhile, directly observed therapy was implemented by
the Taiwan government, which covered the entire course of
ATT from April 2006. All statistical analyses were performed
by using SPSS/PC Version 16 (SPSS, Chicago, IL, USA).
The initial clinical characteristics of the two groups were
similar (table 1). After 2 months of ATT, significantly more
patients in the culture-positive group had high smear grading,
no radiographic improvement and incomplete remission of
clinical symptoms compared with those in the culture-negative
group. Treatment interruption within the first 2 months of
ATT was more common in the culture-positive group. The
fatality rate was higher in the culture-positive group. Logistic
regression analysis revealed that incomplete remission of
symptoms (OR 14.47, 95% CI 2.33–90.04), no radiographic
improvement (OR 19.60, 95% CI 3.49–110.18) and noncontinuous use of isoniazid (OR 19.67, 95% CI 1.51–256.67)
were independently associated with culture positivity.
In the culture-positive group, all had at least one of these
factors. For the 41 patients from our study cohort who had only
one of these factors, 33 (80.5%) patients belonged to the
culture-positive group. Drug susceptibility testing was
repeated for the M. tuberculosis isolates collected after 2 months
of ATT in 29 (88%) patients. None of these isolates had a
different resistant pattern to the pre-treatment isolate.
In our cohort, 24 (40%) patients suffered from adverse effects
in the first 2 months of ATT, including cutaneous itchiness in
11 (46%), treatment-related hepatotoxicity (defined according
to the established guidelines) [7] in eight (33%), and two (8%)
patients each for gastrointestinal upset, peripheral neuropathy
and blurred vision. The most common reason for treatment
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TABLE 1

Clinical characteristics before and after 2 months of treatment
Culture-positive

Culture-negative

group

group

p-value

OR (95% CI)

Subjects

33

27

Age yrs

58.8¡14.3

56.2¡18.1

0.532

2.6 (-5.7–11.0)

Males

26 (79)

21 (78)

0.925

1.06 (0.31–3.64)

Underlying comorbid conditions#

29 (88)

20 (74)

0.197

2.54 (0.66–9.83)

Respiratory symptoms"

26 (79)

21 (78)

0.925

1.06 (0.31–3.64)

Constitutional symptoms+

21 (64)

17 (63)

0.957

1.03 (0.36–2.96)

Sputum smear grading: 3–4

20 (61)

20 (74)

0.271

0.54 (0.18–1.63)

Any drug resistance

8 (24)

4 (15)

0.519

1.84 (0.49–6.94)

Before treatment
Clinical symptoms

Resistant to isoniazid

3 (9)

1 (4)

Resistant to rifampicin

0 (0)

0 (0)

Resistant to ethambutol

1 (3)

0 (0)

Bilateral involvement

25 (76)

16 (59)

0.172

2.15 (0.71–6.49)

Cavitation on chest film

15 (45)

14 (52)

0.622

0.77 (0.28–2.15)

9 (27)

1 (4)

0.017

9.75 (1.15–82.80)

No radiographic improvement

24 (73)

5 (19)

,0.001

11.73 (3.41–40.42)

Incomplete remission of symptoms

18 (55)

4 (15)

0.003

6.90 (1.95–24.42)

Receiving directly observed therapy

18 (55)

20 (74)

0.118

0.42 (0.14–1.26)

Non-continuous use of INH1

13 (39)

1 (4)

0.002

16.90 (2.04–140.21)

Non-continuous use of RIF

10 (33)

1 (4)

0.016

11.30 (1.34–95.20)

Non-continuous use of EMB

12 (36)

4 (15)

0.081

3.29 (0.92–11.78)

Non-continuous use of PZA

13 (39)

5 (19)

0.079

2.86 (0.87–9.46)
0.21 (0.04–1.09)

Chest radiographic findings

After treatment
Sputum smear grading: 3–4
Clinical response

Regimen modifications

Treatment outcome
Cure/complete

24 (73)

25 (93)

0.091

Treatment failure

1 (3)

0 (0)

1.000

Death

6 (18)

0 (0)

0.028

Default

1 (3)

0 (0)

1.000

Transfer out

1 (3)

2 (7)

0.583

0.39 (0.03–4.56)

Data are presented as n, mean¡SD or n (%), unless otherwise stated. Data for age are presented as mean difference. INH: isoniazid; RIF: rifampicin; EMB: ethambutol;
PZA: pyrazinamide. #: including chronic obstructive pulmonary disease (diagnosed according to the Global Initiative for Chronic Obstructive Lung Disease guidelines),
diabetes mellitus, cancer, alcoholism (defined as a patient with history of alcohol abuse or dependence over the past year before receiving antituberculous treatment),
liver cirrhosis, autoimmune disease, chronic kidney disease (baseline serum creatinine level .2 mg?dL-1); ": including cough, sputum production, haemoptysis,
dyspnoea and chest pain; +: including fever (.37.4uC), weight loss (5% reduction over the past 6 months), anorexia, night sweat and general malaise; 1: denotes
administration of ,56 doses of the drug within 8 weeks.

interruption was drug toxicity (24 out of 28; 86%). Seven (29%)
patients resumed all antituberculous medications after a
temporary stop. Eight (33%) received isoniazid and rifampicin
plus ethambutol. Second-line antituberculous drugs were
prescribed in nine (32%) patients, with fluoroquinolones and
streptomycin being most commonly used. EMB was discontinued after knowing the clinical isolate was an all-susceptible
strain in three (11%) patients. The remaining patient temporarily stopped all medications due to upper gastrointestinal
bleeding.

sterilising drug for killing the remaining populations of bacilli
while used together with certain regimens. Non-continuous
use of INH during the intensive phase, when there is the
highest bacillary population, places one at risk of failing
sterilisation of sputum. It is important to realise that most
interruptions to therapy are due to drug toxicity. When a
patient’s adherence is good, intolerance is the main obstacle for
continuing antituberculous medications.

Our findings agree with previous studies showing that INH is
the most potent bactericidal agent responsible for killing
rapidly growing TB bacilli in lesions; it is an important

Our study showed that the initial sputum bacillary load and
disease extent were not different in the culture-positive and
culture-negative groups. These findings imply that with good
compliance for medications, even patients with extensive
disease could achieve sterile sputum after 2 months of therapy.
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Current guidelines on isolation of patients with suspected
infectious pulmonary TB is cautious but probably imperfect
[9]. As suggested in our study, smear-positive sputum after
2 months of ATT does not always indicate the presence of viable
TB bacilli. Our analyses suggest that among patients whose
sputum samples remain smear positive after 2 months of ATT,
those who have incomplete remission of symptoms, no radiographic improvement, or who do not continuously receive
isoniazid were more likely to have viable TB bacilli in their
sputum. When none of these three risk factors appears, the
chance of remaining culture positive seemed to be low. If
culturable TB bacilli in the sputum were regarded as infective
[10], contact protection should not be necessary, and treatment
plans should not be changed for these patients. In addition,
sputum cultures were heavily positive in only three-quarters of
the culture-positive patients. Too much effort on isolation and
regimen modification based only on sputum-smear positivity
may cause unnecessary anxiety to patients and their families,
and excessive expenditure on isolation facilities and overcrowding of isolation rooms, which may even increase the
burden of effective TB control. And for the culture-positive
patients, whether or not treatment was interrupted, their TB
isolates did not acquire drug resistance after 2 months of
treatment. This further confirmed that the emergence of a
resistant strain may not become a risk factor for culture positivity
under combined chemotherapy within this time frame.
In conclusion, of the TB patients who remained smear positive
after 2 months of ATT, viable TB bacilli were more likely to be
present in those without complete remission of symptoms,
radiographic improvement or continuous use of isoniazid. In
order to prevent the unnecessary waste of medical resources,
contact isolation may not be necessary for those who have
none of the three factors.
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