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Abstract
Background: Nucleic acid amplification techniques are being used increasingly in diagnosing
tuberculosis. In developing countries clinical samples are often stored for subsequent analysis since
molecular tests are conducted at only a limited number of laboratories. This study was conducted
to assess the speed at which mycobacteria undergo autolysis and free DNA is detected in the
supernatant during low-temperature storage.
Results: Eighty-seven smear positive sputa from tuberculosis patients were analysed immediately
and after storage at -20°C. Timelines of 1 and 2 months were selected to assess the maximum
extent of DNA loss that occurred during storage. All samples remained PCR- and smear-positive
at 1 month and only 1 sample turned negative after 2 months. Bacterial lysis in the specimens was
demonstrated by PCR analysis of supernatant fractions; 53% of the freshly analysed samples
contained mycobacterial DNA in supernatants. PCR positivity increased significantly during storage
(to 69% and 77% after 1 and 2 months of storage, respectively, P < 0.0001). Storage-associated
bacterial lysis was accompanied by a decrease in smear grade status in 28 of 87 samples (P < 0.0001
after 2 months of storage) and a significant storage-associated reduction in bacterial numbers in the
remaining samples.
Conclusion: We conclude that (i) freshly isolated sputum contains both intact and lysed
mycobacteria, (ii) lysis increased during storage and (iii) supernatant fractions routinely discarded
during sample processing contain mycobacterial DNA. We propose that supernatant is a valuable
sample for PCR for both fresh and stored specimens, particularly those with a low bacterial load
in addition to conventional sediment.
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Background
TB is an enormous public health challenge worldwide,
with an estimated global incidence of 0.136% in 2005 [1]
which is likely to be aggravated by the HIV/AIDS pandemic. Therefore there is great pressure on clinical laboratories to rapidly and accurately detect and identify
clinically important mycobacteria. TB is routinely diagnosed worldwide by smear microscopy and culture. In
spite of its lack of sensitivity and inability to distinguish
between tubercle bacilli and other mycobacteria, the
former technique is widely used in TB control programmes on account of its speed, simplicity and low cost.
Apart from lungs, TB also occurs in other body sites
wherein the paucibacillary load often poses a significant
diagnostic challenge [2,3]. Nucleic acid amplification
technologies are being intensively assessed in diagnosing
extrapulmonary TB owing to their speed, specificity and
sensitivity [4]. However their application is limited to
sophisticated laboratories in developing countries including India and samples are often stored prior to analysis.
Studies that have evaluated the effect of sample shipment
and storage on the performance of conventional and
nucleic acids-based tests concluded that accurate diagnosis rests on minimal transport time and lowest possible
storage and shipping temperatures [4-6]. Furthermore, in
case of paucibacillary specimens, diagnostic methods are
no different from those employed for high load or fresh
samples. The inherent delay in obtaining culture results is
a serious limitation of the gold standard; therefore it was
proposed that when smear microscopy and DNA amplification were both positive, the diagnosis of active TB could
be considered established [7]. For these various reasons
PCR is being increasingly considered as an adjunct test for
diagnosing TB in resource-poor settings also.
We developed a sample processing procedure, USP methodology, that is compatible with microbiology and inhibition-free PCR in both pulmonary and extrapulmonary
samples [8-10]. In the present study, we assessed the effect
of low temperature storage on the efficacy of M. tuberculosis detection in fresh and stored USP-processed sputum.
The key finding was that a significant number of fresh
specimens contained lysed mycobacteria and lysis
increased during storage. As a consequence supernatant
PCR positivity increased with sample storage. Thus supernatant is a novel and useful sample for enhancing PCR
performance in clinical samples.

Results
In a preliminary study conducted to assess the impact of
sputum storage on PCR, maximum bacterial autolysis in
untreated samples was noted during room temperature vs.
4°C or -20°C storage (Dudeja M, unpublished observations). The present study was designed to assess the effect
of storage at -20°C of NALC-treated sputum on bacterial
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lysis. We chose 1 and 2 months of storage as it exceeded
the likely interval between sample collection and PCR
analysis. PCR and smear microscopy were employed to
assess the speed of storage-associated changes in bacterial
load. Bacterial lysis was confirmed by simultaneous analysis of sputum supernatants that are conventionally discarded
Effect of sample storage on PCR
All the samples were processed as outlined in Fig. 1. A
total of 522 IS6110 PCR assays were performed on 522
sputum aliquots prepared from 87 sputum specimens
(pellet and supernatant fractions of fresh and stored samples). All bacterial sediments remained PCR positive after
2 months of storage with the exception of a single sample.
From these results it was inferred that bacterial lysis did
not occur in smear positive stored samples to an extent
that altered the outcome of PCR. The high sensitivity of
PCR in stored bacterial sediments was attributed to either
the initial high bacillary load (all samples were smear positive) or to the resistance of tubercle bacilli to a cycle of
freeze/thaw or both. Sputum storage was associated with
a decrease in DNA recovery from the sediment fractions;
random analysis of a subset of samples by IS6110 PCR
(performed for only 35 cycles) and devR PCR (performed
for 45 cycles) indicated a reduction in DNA amplification
efficiency from stored vs. freshly processed sediments
(Fig. 2) which suggested the occurrence of bacterial lysis
during storage.

Bacterial lysis was confirmed by M. tuberculosis DNA
detection in the supernatant fraction that is normally discarded during processing; 46 of 87 supernatants (53%)
were PCR positive among fresh aliquots. In stored samples, the number of PCR positive supernatants increased
to 60 (~69%) and 67 (~77%) after 1 month and 2
months, respectively (Fig. 3) that was statistically significant (P < 0.0001). A representative result of PCR amplification from supernatants is shown in Fig. 4. We
concluded that even fresh samples contained lysed bacteria and that DNA lost due to storage-associated bacterial
lysis from the sediment was recovered in the supernatant
fraction.
Effect of sample storage on USP smear status
A total of 261 slides prepared from 87 specimens (fresh
sample and after 1 month and 2 months of storage) were
examined by smear microscopy for acid-fast bacilli. Each
slide was independently read by at least 2 well-trained
technicians in a blinded manner. The sputum were graded
as 3+ (n = 55), 2+ (n = 23) and 1+ (n = 9). No sample with
a scanty or negative grade status was obtained (Fig. 5). All
the specimens remained smear-positive during 1 month
of storage and only 1 specimen (of 2+ grade) turned
smear-negative after 2 months. Thus storage and one cycle
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Figure 1of sputum processing protocol
Outline
Outline of sputum processing protocol. FS, S1 and S2 refer to supernatant fractions from fresh, 1 month and 2 months
stored samples, respectively. FP, P1 and P2 refer to bacterial pellet fractions from fresh, 1 month and 2 months stored samples,
respectively.
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Figureof2storage on performance of IS6110-based PCR and devR PCR using pellet-derived DNA
Effect of storage on performance of IS6110-based PCR and devR PCR using pellet-derived DNA. For both panels:
+ve, purified M. tuberculosis DNA as positive control; lane 1, DNA isolated from fresh pellet (FP); lane 2, DNA from 2 monthsstored pellet (P2). A and B represent two different samples.

of freeze/thaw did not substantially affect USP smear positivity per se. However, a decrease in "smear grade" status
upon storage was noted in 28 of the 87 samples which
included 13 samples of 3+, 13 samples of 2+ and 2 samples of 1+ smear grades. The decrease was more evident in
the case of 2+ and 1+ samples as even a small decrease in
bacterial number resulted in a change in smear grade. The
decrease in the number of samples of a particular grade
(eg. 3+ or 2+ or 1+) upon storage was accompanied by a
significant increase (P = 0.0002 and P < 0.0001) in the
number of samples belonging to the lower grades (Fig. 5).

numbers upon storage was also noted in 2+ slides (n = 9);
the median number of bacilli in fresh specimens was 272
and reduced to 200 and 70 upon 1 month and 2 months
of storage, respectively (Fig. 6). These changes were also
statistically significant (P < 0.05 for fresh and 1 month
storage, P < 0.05 for 1 month and 2 months of storage and
P < 0.008 for fresh and 2 months storage). The 1+ smear
grade specimens (n = 3) also showed storage associated
decrease in AFB load whose statistical significance was not
assessed on account of the small number of samples studied.

Effect of sample storage on bacterial load
The remaining 59 of 87 samples that preserved their
smear grade during storage were assessed for storage-associated changes in bacterial load. Thirty-seven samples
showed a decrease in bacterial number. In the 3+ slides (n
= 25), the median number of bacilli was 3250 in fresh
samples which reduced to 1650 and 1000 after 1 month
and 2 months of storage, respectively. The decrease in bacterial load from fresh to 1 month, from 1 month to 2
months of storage and from fresh to 2 months of storage
were statistically significant (P < 0.001, P < 0.01 and P <
0.001, respectively). A similar trend of reducing bacterial

Discussion
We made several noteworthy conclusions in this study
that evaluated the impact of sputum storage on the speed
at which bacteria underwent autolysis and released DNA
in the supernatant. Firstly, our results indicate that delays
of upto a month do not adversely affect PCR and smear
microscopy results. Secondly, although a statistically significant decline in smear grades was observed on storage
only 1 sample changed from smear-positive to -negative
upon storage. The apparent negligible effect of storage on
the sensitivity of smear microscopy was attributed to (i)
the use of highly sensitive USP smear microscopy (detec-
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Figureof3storage
Effect
supernatant
fractions
on recovery of PCR-amplifiable DNA from
Effect of storage on recovery of PCR-amplifiable
DNA from supernatant fractions. The number of supernatant PCR positive samples in fresh and stored samples is
plotted for all samples (n = 87), initially 3+ (n = 55), 2+ (n =
23) and 1+ (n-9) samples. The increase in supernatant PCR
positivity upon storage was statistically significant (P < 0.0001
among 3+ and 2+ samples and P = 0.012 in 1+ samples).

tion limit ≈ 300–400 bacilli/ml of sputum [8]) and (ii) a
high initial bacterial load. Thirdly, the PCR status of sediments was not altered with storage perhaps due to a high
initial bacterial load, use of the multicopy IS6110 target
assay and the addition of more template DNA in PCR
(enabled by efficient inhibitor removal using USP
processing, ref. [8]). The final and most significant finding
was that DNA was recovered from supernatants from the
majority of freshly processed samples. Additional lysis
occurred during storage and was reflected by an increase
in the number of PCR positive supernatants. Since the
sputum was stored after NALC processing, DNA retrieved
from the supernatant fraction thereafter (S1 and S2) was
derived solely from bacteria lysed during storage and/or
subsequent thawing. For the sample that turned smearnegative and sediment PCR-negative after storage; supernatant PCR that was initially negative turned positive after
storage. Thus, the DNA lost from pellet was retrieved in
the supernatant. This observation assumes significance in
paucibacillary specimens that are generally subjected to a
concentration step before analysis. Thus, supernatants
that are conventionally discarded during sample processing would be a valuable specimen for PCR testing and offset the disadvantage associated with analyzing stored or
low-load samples.

Conclusion
We conclude that performing supernatant PCR in addition to sediment PCR and highly sensitive USP smear

Figureof4storage
Effect
supernatant
fractions
on recovery of PCR-amplifiable DNA from
Effect of storage on recovery of PCR-amplifiable
DNA from supernatant fractions. Lane 1, fresh supernatant (FS); lane 2, supernatant of 1 month-stored sample (S1).
A, B, C and D represent four different samples.

microscopy would increase the efficiency of TB diagnosis
in case of fresh and stored paucibacillary specimens.

Methods
Specimens
Eighty-seven direct smear positive sputum specimens
were collected from patients attending the Microbiology
and DOTS centre at New Delhi Tuberculosis Centre, New
Delhi before they were placed on antitubercular therapy.
The left-over sputa were stored at 4°C within 5–6 hours of
collection and processed within the next 6–36 hours.
Specimen processing and storage
The sputa were processed as outlined in Fig. 1. Briefly,
they were digested with 0.2 volumes of 2.5% N-acetyl Lcysteine (NALC) for 5 min and homogenized by vortexing
in the presence of 5–6 sterile 3 mm glass beads for 5–10
min [11]. The liquefied sputum was distributed into three
approximately equal portions. One portion (portion 1)
was processed immediately by centrifugation at room
temperature for 15 min at 8000 rpm (~10,000 g, GSA
rotor, Sorvall RC5B Plus centrifuge, USA) to yield fresh
supernatant and fresh pellet fractions (FS and FP, respectively in Fig. 1). The sediment fractions (FP) were processed by the USP method (see below) and used for smear
microscopy and PCR. The remaining portions (Portion 2
and Portion 3) of NALC-treated sputum were centrifuged,
the supernatants were discarded and the pellets were
resuspended in sterile phosphate-buffered saline (PBS)
equivalent to the original volume of the NALC homogenate and stored for 1 and 2 months at -20°C (Fig. 1).
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Figure
Effect of storage on USP smear grade status of sputum samples. The reduction in smear grade status of 3+,
2+ and 1+ samples have been shown separately. 1 M and 2 M
refer to 1 month and 2 months of sputum storage at -20°C.

Universal sample processing (USP)
The sputum sediments (FP, P1 and P2) were processed by
the USP method as described [9]. Briefly, to FP or P1 or
P2, 1.5 to 2 volumes of USP solution (5 M guanidinium
hydrochloride (GuHCl), 50 mM Tris-HCl, pH 7.5, 25 mM
EDTA, 0.5% Sarcosyl, 0.15 M β-mercaptoethanol) was
added. After incubation for 5–10 min the contents were
centrifuged at room temperature at 8000 rpm for 15 min
as above. The supernatant was discarded; the sediment
was washed with water and then resuspended in 600 µl of
0.05% Tween 80. Smears were prepared on clean microscopic glass slides using 10% of the USP-processed specimen, subjected to Ziehl-Neelsen staining, examined
under oil-immersion lens and graded as described [12].
DNA isolation
DNA was isolated from the remainder of the USP-processed sediment as described [8]. Briefly 60–80 µl of resuspension solution containing 10% Chelex-100 0.3%
Tween 20 and 0.03% Triton X-100 was added to the processed sediments FP, P1 and P2 (Fig. 1), mixed well and
incubated at 90°C for 40 min. The extracted DNA was
used for PCR.

DNA was isolated from the supernatant samples, FS, S1
and S2, (Fig. 1), using the DNA bind method [13] with
minor modifications. Briefly, per volume of supernatant,
2 volumes of DNA bind solution [6 M GuHCl, 20 mM
EDTA, 50 mM Tris-HCl pH 7.0, and 1% diatomaceous
earth were added to FS, S1 and S2 fractions. After incubating for 5 min at room temperature, the mixture was centrifuged as described above. The supernatant was
discarded and the pellet was washed four times with wash

Smear grade 3+

Smear grade 2+

Figureof6storage on bacterial load
Effect
Effect of storage on bacterial load. Box plots of bacterial
numbers per 50 microscopic fields in 3+ and 2+ slides. Boxes
show median values and the interquartile ranges, the whiskers denote 2.5th and 97.5th percentiles and the circles indicate
the outlier values. 1 M and 2 M refer to 1 month and 2
months of sputum storage at -20°C.

buffer (50 mM Tris-HCl pH 7.4, 200 mM NaCl, 10 mM
EDTA and 50% ethanol). The pellet was rinsed with acetone and dried briefly at 65°C. DNA was eluted by resuspending diatoms in water (10% of original supernatant
volume) and heating at 65°C for 10 min.
PCR
Sample processing and PCR were carried out in dedicated
areas using dedicated pipettes and filter guard tips to prevent cross contamination. M. tuberculosis DNA was
detected by PCR using primers targeting IS6110 [14].
Briefly a 40-µl reaction was set up containing 0.5 µM each
of primers T4 (5' CCTGCGAGCGTAGG CGTCGG 3') and
T5 (5' CTCGTCCAGCGCCGCTTCGG 3'), 1.5 mM MgCl2,
0.2 mM dNTPs, 1 U of Taq DNA polymerase (GeneTaq,
MBI Fermentas, Vilnius, Lithuania) and 10 µl of template
DNA in case of sediment fractions or 4 µl of template
DNA in case of supernatant fractions. In case of supernatants, neat, 1:5 and 1:10 dilutions were subjected to
amplification. DNA negative and positive control reactions without DNA and containing 10 to 20 ng of M.
tuberculosis H37Rv DNA, respectively were routinely set
up. The thermal cycling parameters were initial denaturation at 94°C for 10 minutes followed by 45 cycles each of
1 minute at 94°C and 1 minute and 30 seconds at 60°C
with a final extension of 5 minutes at 72°C. The 123-bp
PCR product was detected by electrophoresis on 2.3%
agarose gel followed by ethidium bromide staining and
visualization under UV light. For the experiment
described in Fig. 2, only 35 cycles of amplification were
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used. The devR PCR assay yielded a 164-bp amplification
product
[10].

8.

Statistical analysis
The significance of the decrease in smear grade status and
of the increase in supernatant PCR positivity was determined by McNemar's chi square test using Stata 9.0 software (StataCorp LP, College Station, Texas, USA). The
significance of the decrease in bacterial load observed during storage was determined using the nonparametric
Friedman Anova test followed by multiple comparison. P
values of < 0.05 were considered significant (SPSS 10.0.1
software, Chicago, USA). The median, interquartile values
and box plots (Fig. 6) were calculated and generated using
Stata 9.0 software.

9.

Authors' contributions
MH provided the smear positive sputum samples (and
their direct smear status) collected from patients before
they were placed on antitubercular therapy. DP and SC
carried out sample processing, PCR and smear microscopy, participated in designing the study, partial analysis
of the data and drafting the manuscript. JST conceived of
the study, and participated in its design and coordination,
performed the statistical analysis and finalized the manuscript. All authors read and approved the final manuscript.

10.
11.

12.

13.
14.

Chakravorty S, Tyagi JS: A novel multipurpose methodology for
the detection of mycobacteria by smear microscopy, culture
and PCR in pulmonary and extrapulmonary specimens. J Clin
Microbiol 2005, 43:2697-2702.
Chakravorty S, Dudeja M, Hanif M, Tyagi JS: Utility of USP smear
microscopy, culture and PCR in the diagnosis of pulmonary
tuberculosis. J Clin Microbiol 2005, 43:2703-2708.
Chakravorty S, Sen MK, Tyagi JS: Diagnosis of extrapulmonary
tuberculosis by smear, culture and PCR using universal sample processing technology. J Clin Microbiol 2005, 43:4357-62.
Yajco DM, Wagner C, Tevere VJ, Kocagoz T, Hadley WK, Chambers
HF: Quantitative culture of Mycobacterium tuberculosis from
clinical sputum specimens and dilution endpoint of its detection by the Amplicor PCR assay. J Clin Microbiol 1995,
33:1944-1947.
Selvakumar N, Rahman F, Garg R, Rajasekaran S, Mohan NS, Thyagarajan K, Sundaram V, Santha T, Frieden TR, Narayanan PR: Evaluation of the phenol ammonium sulfate sedimentation smear
microscopy method for diagnosis of pulmonary tuberculosis.
J Clin Microbiol 2002, 40:3017-3020.
Carter MJ, Milton ID: An inexpensive and simple method for
DNA purifications on silica particles. Nucleic Acids Res 1993,
21:1044.
Eisenach KD, Cave MD, Bates JH, Crawford JT: Polymerase chain
reaction amplification of repetitive DNA sequence specific
for Mycobacterium tuberculosis. J Infect Dis 1990, 161:977-981.

Acknowledgements
The authors thank Ms. Kalaivani, Department of Biostatistics, AIIMS for
help with statistical analysis of the data and for assistance in preparation of
the figures. Dr. Nirmaljit Kaur and Dr. Mona are gratefully acknowledged
for providing help during the course of this study. Technical assistance provided by Mr Sanjay Kumar is also acknowledged. DP is thankful to DBT for
Master's Scholarship and SC is thankful to I.C.M.R. for Senior Research Fellowship. This study was supported by funding to JST by AIIMS, New Delhi
and the Department of Biotechnology, Govt. of India.

References
1.
2.
3.

4.

5.
6.
7.

Tuberculosis [http://www.who.int/mediacentre/factsheets/fs104/
en/]
Portillo-Gomez L, Morris SL, Panduro A: Rapid and efficient
detection of extra-pulmonary Mycobacterium tuberculosis by
PCR analysis. Int JTuberc Lung Dis 2000, 4:361-370.
Singh KK, Muralidhar M, Kumar A, Chattopadhyaya TK, Kapila K,
Singh MK, Sharma SK, Jain NK, Tyagi JS: Comparison of in house
polymerase chain reaction with conventional techniques for
the detection of Mycobacterium tuberculosis DNA in granulomatous lymphadenopathy. J Clin Pathol 2000, 53:355-361.
Noordhoek GT, Kolk AHJ, Bjune G, Catty D, Dale JW, Fine PEM,
Godfrey-Faussett P, Cho S-N, Shinnick T, Svenson SB, Wilson S, van
Embden JDA: Sensitivity and specificity of PCR for detection of
Mycobacterium tuberculosis: a blind comparison study among
seven laboratories. J Clin Microbiol 1994, 32:277-284.
Banda HT, Harries AD, Boeree MJ, Nyirenda TE, Banerjee A,
Salaniponi FM: Viability of stored sputum specimens for smear
microscopy and culture. Int J Tubercle Lung Dis 2000, 4:272-274.
Traore I, Slosarek M: Survival of mycobacteria in sputum at different temperatures. Czech Med 1981, 4:203-208.
Amercian Thoracic Society Workshop: Rapid diagnostic tests for
tuberculosis: what is the appropriate use? Am J Respir Crit Care
Med 1997, 155:1804-1814.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 7 of 7
(page number not for citation purposes)

