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Abstract

This paper describes a method for isolation of deoxyribonucleic acid (DNA) from Ziehl-
Neelsen stained sputum smears on glass slides; and isolated DNA was used for the IS6110 polymerase
chain reaction (PCR)-based identification of M. tuberculosis. A total of 221 samples from newly diag-
nosed suspected tuberculosis cases were first examined by microscopic examination. For DNA extrac-
tion by silica-based filter, a home-made modified spin column gave the efficacy as did the nucleospin
tissue reagent kit and therefore was selected for PCR template preparation. The extracted DNA was
amplified by the IS6/70 PCR using a primer pair that amplifies a 377-bp target, and the product was
analyzed by agarose gel electrophoresis with confirmation by Southern blot hybridization. In compa-
rison with culture, PCR with template prepared by the silica based filter showed overall sensitivity and
specificity of 91.7 and 100 per cent, respectively. This study used the over one year and less than one
year slides samples to study the effect of storage time. In the more than one year storage group, PCR
assay gave a sensitivity and specificity of 83.3 and 100 per cent, respectively. In conclusion, the appli-
cability of the PCR directly to DNA extracted from Ziehl-Neeisen stained smears could become a
valuable alternative approach for rapid identification of M. tuberculosis, and could be used to evaluate
quality of the control of local laboratories in tuberculosis (TB) screening and solve the problem of
specimen transportation. In addition, the method could be used in retrospective studies involving a wide
range of PCR-based analyses, such as detection of rifampicin resistant gene in multidrug-resistant
tuberculosis (MDR-TB) study.
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Tuberculosis (TB) has re-emerged world-
wide as an important public health problem. One-third
of the world’s population has been infected with
Mycobacterium tuberculosis. Much concern has been
expressed about the dramatic outbreaks of multidrug-
resistant tuberculosis (MDR-TB) in HIV-infected TB
patients in various parts of the world(1-3), Nowadays,
TB control programs are very important in public
health policies. The quality evaluation of laboratory
diagnosis has become a hot issue in TB management.
Most laboratories in Thailand have been using Ziehl-
Neelsen (ZN) acid fast staining method in TB first
screening because this method is rapid, easy, and
cheap. Sputum specimens collected in peripheral health
centers, where only direct microscopy is performed,
must often be sent to central laboratories for culture
and quality evaluating. However, the transport of
sputum specimens might be dangerous for spread-
ing, and also the delay time or contamination of
sputum specimens may affect the culture recovery.
The transport of fixed and stained smears was another
way to solve these problems, since the slides after
staining can be stored for a long time and provide a
simple, inexpensive and convenient way to transport
with less contamination than sputum specimens.

Several reports on the successful use of the
PCR for the detection of M. tuberculosis in a variety
of clinical specimens have been published(4-6). In the
present study, the authors combined the advantages
of both PCR technology and the classical sputum
examination by ZN staining for the diagnosis of M.
tuberculosis infection. However, a high degree of
nucleic acid purity is essential to ensure reliable PCR
from sputum samples. The purification system based
on silica membrane technology is fast and convenient
and can be used for a wide variety of sample sources
(7). The authors present a protocol for removal of
sputum from the ZN stained slides, and for purifica-
tion of DNA using the silica membrane based method
combined with IS671/0 PCR-based identification of
M. tuberculosis. The efficacy of PCR assay from the
fixed, stained sputum film slides was evaluated in
comparison with conventional culture for detection of
M. tuberculosis from sputum specimens. The benefit
of the developed protocol together with the PCR assay
for the identification of M. ruberculosis in fixed, ZN
stained slides with a long storage time was also deter-
mined.
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MATERIAL AND METHOD
Specimen collection, microscopic examination and
culture

Either spot or collection sputum was collected
from 221 newly suspected TB patients at the Tuber-
culosis Division, Ministry of Public Health, Bangkok
from December 2001 to August 2002. These patients
were over 15 years old with chest symptoms sugges-
tive of suspected tuberculosis, and had never received
anti-tuberculosis drugs before or for not more than 2
weeks. All specimens were examined first in stained
smears by ZN staining and scored according to the
IUATLD scale(8). Sputa were decontaminated with an
equal volume of N-acetyl-L-cysteine (NALC)-4 per
cent NaOH, and centrifuged before inoculating the
sediment onto two slopes of Lowenstein-Jensen (L-J)
media and incubated at 37°C for 8 weeks. Positive
cultures were examined for growthrate, colony morpho-
logy, and identified as M. tuberculosis by conventional
methods(9).

Removal and isolation of DNA from the fixed, ZN
stained slides

The whole film of the fixed, stained smear on
each glass slide was scraped off with a sterile scalpel
blade into a microtube containing 1 ml of TE buffer
(10 mM Tris-HCI, 1 mM EDTA, pH 8.3) and then
centrifuged at 10,000 x g for 15 min before discard-
ing the supernatant. The resuspended sediment (250
ul) was then treated with an equal volume of NALC-
2 per cent NaOH, and then incubated at room tempe-
rature for 15 min with shaking. The volume of the
mixture was adjusted to 25 ml with sterile water and
centrifuged for 30 min at 10,000 x g. The supernatant
was discarded and the sediment was washed again
with sterile water. Pellets were resuspended in 250 ul
TE buffer and used for DNA isolation.

Two different approaches were used to iso-
late DNA for PCR including silica membrane based
and boiling methods. For silica membrane based spin-
column method, the authors first used both the com-
mercial kit test (Nucleospin tissue column, Macherey-
Nagel, Germany) and a home-made modified spin
column for isolation of DNA from 35 stained slides
containing different acid fast (AF) smear grading
as classified by the results on ZN stain for AF
negative (-), AF1+, 2+ and 3+. The duplicate stained
smear from each sputum samples were prepared; and
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all the materials on the stained smear from duplicate
glass slides were removed. Finally, the pellets were
resuspended in TE buffer and divided into 2 aliquots.
The DNA from the first aliquot was extracted using
the Nucleospin tissue column, following the protocol
in the accompanying handbook. The DNA from the
second aliquot was extracted using a home-made spin
column method. Briefly, after resuspending the pellets
in lysis bufer (20 mg/ml lysozyme; 20 mM Tris-HCI,
pH 8.0; 2 mM EDTA; 1.2% Triton X) at 37°C for 30
min, the sample was digested with proteinase K (final
concentration of 5Smg/ml) at 56°C for 1 h. Then, 200
ul of guanidium buffer (4 M Guanidium isothiocya-
nate, 50 mM Tris HCI [pH 7.0}, 20 mM EDTA) was
added and incubated at 70°C for 10 min, then 210 pl
of absolute ethanol was added and mixed by vortex.
All the sample was applied to the silica spin filter
column and centrifuged for 1 min at 10,000 x g. The
column was washed twice with 500 pl of washed
buffer (50% ethanol containing 200 mM NaCl, 10 mM
EDTA, 50 mM Tris-HCI [pH 7.4]). The DNA was
eluted with 200 ul of prewarmed (70°C) Tris- HCI, pH
9, and 10 pl of the eluate were used directly in the
PCR reaction.

All of the samples were also extracted using
the boiling method. Briefly, after removal of all the
materials on stained smear, the pellets were resuspended
in 20 ul TE buffer and boiled in water bath at 95°C
for 10 min and then placed on wet ice for at least 5
min. The pellets were removed by centrifugation at
12,000 x g for 5 min, and 10 pl of the supernatant were
used directly in the PCR reaction.

Polymerase chain reaction

The PCR amplification to the 1S6110 frag-
ment of the M. tuberculosis complex was performed
as described previously(10), using one pair of primers
(TBI1, 5°-CCA ACA AGA AGG CGT ACT CG-3’;
TB2,5’-GGA GAC TCT CTG ATC TGA GAC C-3")
which anneal to a sequence in the repetative DNA
element I1S6770(11). The PCR reaction mixture, the
amplification time, and temperature followed the opti-
mized PCR condition as described previously(10).
The PCR mixture (30 pl) consisted of 1X PCR buffer
(10 mM Tris-HCI [pH 8.3], 50 mM KCl, 1.5 mM
MgCl,, 0.01% gelatin), 0.2 mM (each) dNTP, 0.3 pm
each primer, 0.6 units Tag DNA polymerase (Promega)
with 10 pl of extracted DNA. PCR was performed in
an automated thermal cycler (Perkin-Elmer Cetus) by
using 1 cycle at 94°C for 5 min, 40 cycles of denatura-
tion for 1 min at 94°C, annealing for 1 min at 60°C,
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extension for 1 min at 72°C and 1 cycle at 72°C for 10
min. The amplified products were run on 2 per cent
agarose gel, stained with ethidium bromide, and
visualized under UV light. The expected size of the
amplified DNA fragment was 377 bp.

Southern blot hybridization was performed
on appropriate samples which gave a positive result
after ethidium bromide staining so that the specificity
of the PCR could be confirmed. The PCR products in
the gel were transferred to a positively charged nylon
membrane (Hybond N*; Amersham) and hybridized
with the DNA probe by the method of Southern(12),
Probe for hybridization was synthesized by PCR using
M. tuberculosis H37Rv reference strain as template
for amplification and the PCR product was purified
and labeled by random priming with fluorescein-dUTP,
using the random Primer Fluorescein Labeling Kit
(Renaissance®, PerkinElmer Life Sciences, Inc., MA,
USA). The protocol for hybridization followed the
instructions in a Renaissance® using 1-h prehybridi-
zation and a further 2-h hybridization with fluores-
cein-labeled probe (final concentration, 20 ng/ml) at
60°C. Immunological detection with antifluorescein-
alkaline phosphatase conjugate and chemiluminescent
detection with CDP Star® substrate (Tropix, Inc.,
USA) were followed the instructions in the manufac-
turer’s protocol. The membranes were exposed to
Kodak XARS photographic film for 1-4 min.

Effect of time storage on ZN stained slides for PCR-
based detection assay

Two groups of sputum samples on the ZN
stained slides with different collection time periods
were used in the present study. The ZN stained slides
in the first group were prepared more than one year
before the PCR assay was performed; and the second
group was prepared less than one year. The modified
spin column DNA extraction method was used for
template preparation for PCR assay.

Control procedures

Stringent contamination control procedures
followed those recommended by Kwok and Higuchi
(13), All PCR reactions were performed using a nega-
tive reagent control, containing all PCR components
and sterile distilled water instead of DNA, a negative
control containing DNA was extracted from M. flaves-
cens ATCC 23035 (100 pg/reaction), and a positive
control containing DNA was extracted from M. tuber-
culosis H37RV (100 pg/reaction). Inhibition of the
PCR was checked by spiking duplicates of the tested
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DNA extracts with approximately 50 fg of H37Rv
DNA. Samples showing inhibition were retested at 1 :
10 dilution.

Statistical analysis

Validation of the silica-based filter combined
with PCR assay for the identification of M. tuberculo-
sis from all ZN stained slides were determined by
using culture results as the "gold standard". Statistical
comparison was performed by using McNemar x2-
test; and p of < 0.05 was considered significant. The
Kappa statistic was used to determine agreement be-
tween the tests.

RESULTS
AF microscopy and conventional culture results
The 221 examined sputum samples were
classified into 4 groups according to AF staining and
conventional culture; 116 (52.48%) were AF positive
and culture positive, 5 (2.26%) were AF negative and
culture positive and 100 (45.24%) were AF negative
and culture negative. Of 116 samples with smear posi-
tive, 38, 38 and 40 samples were graded as 1+, 2+, and
3+, respectively. If cultures which were biochemically
confirmed are regarded as the most reliable diagnostic
method, then 121 samples were TB positive and 100
samples were TB negative.

Silica membrane based spin-column for isolation
of DNA for PCR assay

Comparison between two silica membrane
based spin-column methods for isolation of DNA
from AF stained slides is presented in Table 1. In the
present study, a total of 35 stained slides comprising
20 samples of culture positive (AF3+ = 6, AF2+ = 5,
AFl1+ =35, and AF negative = 4) and 15 samples of
culture negative and AF negative were studied. Both

Table 1.
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DNA extraction methods yielded the PCR products
with molecular size of 377 bp that were nearly the
same brightness and sharp. Mostly, stained slides
containing high AF smear grading (i.e., AF3+ and
AF2+) showed more bright sharp bands than those
of low AF smear grading i.e., AF1+ and AF (-). The
correlation between the commercial kit test and the
modified spin column DNA extraction method was
statistically significantly different (p < 0.001) with the
Kappa agreement rate at 0.994.

Comparison between PCR-based identification
from AF stained slides and conventional culture for
detection of M. tuberculosis from sputum specimens

Table 2 demonstrates the PCR results for
identification of M. tuberculosis from AF stained
slides prepared from 221 sputum specimens. PCR
results with templates prepared by the modified spin
column showed all 40 samples (100%) with AF3+ pro-
duced positive 377-bp bands the same as 36 (94.74%)
of 38 samples with AF2+, and 33 (86.84%) of 38
samples with AF1+. For AF negative and culture posi-
tive samples, 2 (40%) of 5 samples produced a posi-
tive PCR band. All 100 ZN stained slides prepared
from AF negative and culture negative samples yielded
negative PCR bands. Most samples with AF3+ showed
more bright sharp bands, but some 2+ or 1+ grading
samples showed positive PCR bands that were not
different from those of 3+ grading samples (data not
shown).

PCR results with templates prepared by the
boiling method showed only 22 of 121 specimens were
positive by PCR (sensitivity; 18.18%). These positive
PCR results were from AF3+ mostly; i.e. 11 (27.5%)
of 40 samples with AF3+ produced visible bands the
same as 4 (10.53%) of 38 samples with AF2+ and 7
(18.42%) of 38 samples with AF1+. For the AF nega-

Measurement of agreement rate between two silica membrane

based spin-column methods for isolation of DNA for PCR-
based identification of M. tuberculosis from 35 fixed Ziehl-

Neelsen stained slides.

Nucleospin tissue

Modified spin column DNA extraction method

column method PCR positive PCR negative Total
PCR positive 15 2 17
PCR negative 0 18 18
Total 15 20 35

p<0.001,K =099
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Table 2. Percentage of M. tuberculosis identification by PCR from 221 AF stained slides with different micro-

scopic grading and culture. The templates for PCR were prepared by the modified spin column DNA

extraction and boiling methods.

Acid-fast (AF) No. PCR results with templates prepared by
and culture (Cul) sample Modified spin column Boiling
results PCR PCR % of PCR PCR % of
positive negative identification positive negative identification
Culture positive (n = 121)
AF-/Cul+ 5 2 3 40.00 0 5 0.00
AF1+/Cul+ 38 33 5 86.84 7 31 18.42
AF2+/Cul+ 38 36 2 94.74 4 34 10.53
AF3+/Cul+ 40 40 0 100.00 11 29 27.50
Culture negative (n = 100)
AF-/Cul- 100 0 100 0.00 0 100 0.00

tive and culture positive samples, none produced a
positive band. All 100 AF negative and culture nega-
tive samples were also negative by PCR assay (speci-
ficity; 100%). However, most visible bands with a
molecular size of 377 bp from templates prepared by
the boiling method were not as bright as those pre-
pared by the silica-based spin column method.
Statistical comparison using Mc Nemar %2
test showed significant different in the performances
of PCR from AF stained slides and the conventional
culture for detection of M. tuberculosis from sputum
specimens (p<0.001). The sensitivity, specificity and
efficiency of the PCR-based assay with template pre-

. pared by the modified spin column DNA extraction

method are 91.7, 100 and 95.5 per cent, respectively;
the same figures with template prepared by the boil-
ing method are 18.2, 100 and 22.5 per cent, respec-
tively (Table 3).

Effect of time storage on AF stained slides used for
PCR assay

The first group of AF stained slides was pre-
pared more than one year before the PCR assay was
performed (range 1-2 years); and the second group
was prepared less than one year (range 2 weeks to 6
months). Stained slides of the first group were from
30 TB cases with different smear grading results
(AF3+ =10, 2+ = 10, and 1+ = 10) and 10 non TB-
cases; and the second group was from 25 TB cases
(AF3+=10,2+=10, and 1+=5)and 10 non-TB cases.
For the first group, 25 of 30 culture positive specimens
were positive by PCR (sensitivity; 83.3%). These
positive PCR results were from AF3+ mostly; i.e. 10
(100%) of 10 samples with AF3+ produced visible
PCR positive bands the same as 9 (90%) of 10 samples

with AF2+ and 6 (60%) of 10 samples with AF1+. In
comparison with the less than one year group, all
(100%) of the 25 culture positive samples produced
visible PCR positive bands (sensitivity; 100%) and
more brightness than the more than one year storaged
slides group (Fig. 1). Of all the negative samples in
both groups, none produced positive PCR band (speci-
ficity; 100%).

Analysis of PCR product by hybridization assay

The PCR products were confirmed by hybri-
dization assay. The results of the film derived from
hybridization assay clearly showed dark bands without
non-specific bands. Each of 32 PCR positive samples
(AF1+ = 10, AF2+ = 10, AF3+ = 10, and AF-Cul+ =
2) from the total specimens presented positive results
and 8 of PCR negative did not produce dark bands on
the film (data not shown).

DISCUSSION

Nowadays, TB cases are still increasing and
the problem of MDR-TB remains enhancing. Delayed
diagnosis of active TB is an important problem that
results in greater morbidity and mortality and intra-
institutional spread of TB. There is a need for a high
efficiency diagnosis method for early case finding.
Microscopic examination for AFB has been the main-
stay of the diagnosis of pulmonary TB while the results
of sputum cultures were pending. It is the most cost-
effective method and used throughout the country for
case finding and the assessment of treatment: the
method is quick and simple. Of the available staining
techniques for direct microscopy, the Ziehl-Neelsen
acid-fast stain is the most widely used. Here, the
authors describe a reliable method for removing and
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Table 3.
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Comparison between the PCR assay from AF stained slides and the conventional culture for identifi-

cation of M. tuberculosis from 221 sputum specimens. The templates for PCR were prepared by the
modified spin column DNA extraction and beiling methods.

Specimen type No. of specimens Sensitivity Specificity Predictive value Efficiency
and PCR with with the following (%) (%) (%) (%)
template prepared by culture result € Positive Negative
Positive Negative
PCR 2
All specimens
Positive 111 0 91.7 100.0 100.0 90.9 95.5
Negative 10 100
Smear-positive specimens
Positive 109 0
Negative 7 0
Smear-negative specimens
Positive 2 0
Negative 3 100
PCRD
All specimens 18.2 100.0 100.0 50.3 225
Positive 22 0
Negative 99 100
Smear-positive specimens
Positive 22 0
Negative 94 0
Smear-negative specimens
Positive 0 0
Negative 5 100

4 PCR with template prepared by the modified spin column DNA extraction method.

b PCR with template prepared by the boiling method.
€ Using culture as the 'gold standard'.

isolating DNA from fixed, ZN stained slides; and DNA
isolated by this method was used for PCR-based iden-
tification of M. tuberculosis.

In the present study, the results of AF smear
correlated well with culture results. The sensitivity of
AF staining (97.7%) was considerably higher than
those reported by others(14,15). The high sensitivity
in the present study reflects the low proportion of
specimens showing culture positive with AF nega-
tive. This situation arises from the fact that the study
population were new cases; 132 males (59.72%) and
89 females (40.28%) who came to the TB Division
that is the reference central diagnoses work office.
Most patients who come to this out patient department
must have relative signs and symptoms of TB infec-
tion. These samples were first examined by micro-
scopic examination, thus most of the AF positive
smears together with the evaluation by chest film data
may be suggestive of diagnosis for TB infection.

There are several methods to remove the
smear from the slides for DNA extraction, i.e. cotton
swab, and scraping with blade(16-19), In a pilot study,

the authors tried to use a cotton swab to remove the
stained sputum smear from each glass slide. Although
the method was simple and rapid, the bacilli were
likely to be lost during the process especially the AF1+
slide that contains less bacilli. The scraping was another
interesting choice that was selected for the present
study. The blade (Germino no.10) was used and it gave
good efficiency for this process. The glass slides, after
the removal procedure, were re-stained and evaluated
by microscopic examination. The scraping method
could remove most of the sputum.

For the reasons of being easy, rapid, effec-
tive and non-induced more inhibitors, the scraping
method was used for removal of the sputum specimens
from the slides. The physical characteristics of sputum
samples may vary from containing copious amounts
of mucus to being purulent, haemoptyic or tenacious.
The common DNA extraction methods involve the
use of enzymes such as lysozyme and proteinase K
treatment and extraction with organic solvents, deter-
gent-induced lysis or lysis using guanidium isothio-
cyanate. Firstly, the digestive processed by N-acetyl-L-
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Fig. 1.
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377 bp

Representative results of the PCR-based identification of M. tuberculosis from some AF stained slides

with different times storage (2 weeks, 6 months, and two years). The templates for PCR were prepared
by the modified spin column DNA extraction method. Lanes: M, 100-bp molecular weight marker; 1 to
4, samples with 2 weeks period; 5 to 8, 6 months period; 9 to 12, 2 years period; 13, H37Rv DNA posi-

tive control; and 14, negative reagent control.

cysteine was used in sample preparation. After decon-
tamination, the samples were washed with distilled
water instead of phosphate buffer since phosphate
may induce inhibitors of PCR(20). In cases of DNA
extraction by boiling method, the pellets were washed
with distilled water twice for reducing the other
inhibitors.

For the PCR based assay, the pair of primers
designed by Tansuphasiri et al(10) permitted the ampli-
fication of 377-bp DNA fragment located at the end
region position +961 to +1377 bp of 1S6110 sequence.
The sensitivity, specificity, and efficiency of this pair
of primers in M. tuberculosis detection were 96.27,
99.48, and 98.17 per cent, respectively. However,
diagnostic techniques based on PCR have two major
problems: false-positive reactions due to contamina-
tion with DNA fragments from previous amplicons
and false-negative reactions caused by inhibitors that
interfere with the PCR. For this reason, the extraction
of DNA from clinical specimens is very important.
The phenol-chloroform is one of the extraction methods
that has been most widely used for M. tuberculosis.
In recent years, many new technologies have been
developed to reduce the use of hazard reagents. These
new methods are easy and rapid. One of the DNA
extraction methods is based on silica membrane and
lysis buffer containing enzymes.

The short and easy protocol was applied.
This study used the DNA extraction method with silica

membranes spin column because this method is rapidly
performed and has high efficiency in the reduction
of inhibitors. All reagent buffers used in the extrac-
tion protocol can be prepared. By this procedure, the
authors could save the budget to buy all commercial
reagent kits except the silica membrane filter column.
The silica membrane was recommended to replace
silica particle in order to solve the inhibitor effects
that might occur by the pellets of reagent contamina-
tion to PCR reaction(21).

The correlation between the home-made
modified spin column and the nucleospin tissue reagent
kit were statistically significantly different (p < 0.001)
with the Kappa agreement rate of 0.994. For this
reason, modified spin column DNA extraction method
was selected in the present study. The boiling method
was also used in comparison with modified spin column
DNA extraction because this method is easy, rapid
and the different results of both methods may explain
the benefit of removal inhibitors by spin column and
lysis buffer too.

The correlation between PCR assay using
modified spin column for DNA extraction and culture
method were statistically significantly different (p <
0.001) and the sensitivity, specificity, and efficiency
of test were 91.7, 100 and 95.5 per cent, respectively.
The other group that used the boiling method for
template preparation, the sensitivity, specificity, and
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efficiency of test were 18.2, 100 and 22.5 per cent,
respectively. The difference of the DNA extraction
method showed that the modified spin column method
was highly effective in reduction of inhibitors and
gave a high sensitivity and high specificity of PCR
assay.

Due to the advantage of PCR assay that can
be used to detect long stored specimens(22), the authors
applied PCR to detect the sputum sample on ZN
stained slides which were stored for over or less than
a one year period. The correlation between PCR assay
and culture of both the over or less than one year
groups were statistically significantly different (p <
0.001). The sensitivity, specificity and efficiency of
the test in the more than one year storage group were
83.3, 100 and 87.5 per cent, respectively. In the less
than one year slide group, a high sensitivity was pre-
sented. The sensitivity, specificity and efficiency of
the test in this group were all 100 per cent. The pre-
sent study indicated that storage did not influence the
quality of DNA tor PCR, however, the efficiency of
the test may be decreased with longer storage times.
However, the occasional false positive or false nega-
tive of PCR may occur. The inhibitors in specimens,
the medication treated, or process of specimens can
reduce the PCR efficiency. The nested PCR or hybri-
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dization assay may be applied to increase the sensiti-
vity and specificity of PCR in reliability of TB detec-
tion.

In conclusion, PCR amplification of DNA
isolated from ZN acid fast stained slides using the
silica membrane based technique can be used for
reliable and sensitive identification of low levels of
M. tuberculosis with an AF smear grading of 1+. The
sensitivity and specificity of PCR assay compared
with culture were 91.7 and 100 per cent, respectively
(p < 0.001). To increase the sensitivity of detection,
the authors recommend to scraping multiple slides
from each specimen. This method can be a choice for
rapid identification of TB in combination with the
conventional method, and will facilitate a variety of
retrospective studies involving a wide range of PCR-
based analyses, such as detection of the rifampicin
resistant gene from specimens which are available
only as fixed, stained microscope slides prepared
several years earlier.

ACKNOWLEDGEMENTS

The authors wish to thank the laboratory
staff at the TB Division, Ministry of Public Health for
their help and kind co-operation in culture and identi-
fication.

(Received for publication on July 29, 2003)



188

U. TANSUPHASIRI et al.

REFERENCES

I

10.

1L

12.

American Thoracic Society and Centers for Disease
Control. Nosocomial transmission of multidrug
resistant tuberculosis among HIV-infected persons-
Florida and New York 1988-1991. Morbid Mortal
Wkly Rep 1991; 40: 585-91.

Edlin BR, Tokars JI, Grieco MH. An outbreak of
multidrug-resistant tuberculosis among hospitalized
patients with the acquired immunodeficiency syn-
drome. N Eng J.Med 1992; 326: 1514-21.

Fischi MA, Uttamchandani RB, Daikos GL, et al.
An outbreak of tuberculosis caused by multiple-
drug-resistant tubercle bacilli among patients with
HIV infection. Ann Intern Med 1992; 117: 177-83.
Forbes BA, Hicks KES. Direct detection of Myco-
bacterium tuberculosis in respiratory specimen in a
clinical laboratory by polymerase chain reaction. J
Clin Microbiol 1993; 31: 1688-94.

Bascunana CR, Belak K. Detection and identifica-
tion of Mycobacteria in formalin-fixed, paraffin-
embedded tissues by nested PCR and restriction
enzyme analysis. J Clin Microbiol 1996; 34: 2351-
5.

Caldarelii-Stefano R, Vago L, Bonetto S, et al. Use
of magnetic beads for tissue DNA extraction and
IS6110 Mycobacterium tuberculosis PCR. J Clin
Pathol: Mol Pathol 1999; 52: 158-60.
Boddinghaus B, Wichelhaus TA, Brad V, Bittner T.
Removal of PCR inhibitors by silica membranes:
Evaluating the Amplicor Mycobacterium tuber-
culosis kit. J Clin Microbiol 2001; 39: 3750-2.
The Public Health Service National Tuberculosis
Reference Laboratory and the National Laboratory
Network. IUATLD; 1998: 12-5.

Kent PT, Kubica GP. Public Health Mycobacterio-
logy. A guide for the level III laboratory Atlanta:
Centers for Disease Control; 1985: 71-80.
Tansuphasiri U, Vathanophas K, Pariyanonda A,
Chanyasanha CH. Detection of Mycobacterium
tuberculosis in respiratory specimens using [S 6110-
PCR based method with new designed primers.
Mahidol J 1999; 6: 71-6.

Thierry D, Cave MD, Eisenach KD, et al. IS6110,
an IS:like element of Mycobacterium tuberculosis
complex. Nucleic Acids Res 1990; 18: 188.
Southern EM. Detection of specific sequences

13.

15.

16.

18.

19.

20.

21.

22,

J Med Assoc Thai February 2004

among DNA fragments separated by gel electro-
phoresis. J Mol Biol 1975; 98: 503-17.

Kwok S, Higuchi R. Avoiding false positive with
PCR. Nature (London) 1989; 339: 237-8.

Tan TH. Simple and rapid cold stain method for
acid fast bacteria. Am Rev Respir Dis 1962; 85: 753-
4.

Tansuphasiri U, Kladphuang B. Evaluation of
sputum staining by modified cold method and
comparison with Ziehl-Neelsen and fluorochrome
methods for the primary diagnosis of tuberculosis.
Southeast Asian J Trop Med Public Health 2002;
33:128-35.

Fukunaga H, Murakami T, Gondo T, et al. Sensitivity
of acid-fast staining for Mycobacterium tuberculo-
sis in formalin-fixed tissue. Am J Respir Crit Care
Med 2002; 166: 994-7.

Amar C, Pedraza-Diaz S, McLauchlin J. Extraction
and genotyping of Cryptosporidium parvum DNA
from fecal smears on glass slides stained conven-
tionally for direct microscope examination. J Clin
Microbiol 2001; 39: 401-3.

Jethwa HS, Schmitz JL, Dallabetta G, et al. Compa-
rison of molecular and microscopic techniques for
detection of Treponema pallidum in genital ulcers.
J Clin Microbiol 1995; 33: 180-3.

Rossi MC, Gori A, Zehender G, et al. A PCR-
colorimetric microwell plate hybridization assay for
detection of Mycobacterium tuberculosis and M.
avium from culture samples and Zieh!-Neelsen-
positive smears. J Clin Microbiol 2000: 38: 1772-
6.

Leckie GW, Erickson DD, He Q, et al. Method for
reduction of inhibition in a Mycobacterium tuber-
culosis-specific ligase chain reaction DNA amplifi-
cation assay. J] Clin Microbiol 1998; 36: 764-7.
Suffys P, Vanderborght PR, Santos PBD. Inhibi-
tion of the polymerase chain reaction by sputum
samples from tuberculosis patients after processing
using a silica-guanidium thiocyanate DNA isolation
procedure. Mem Inst Oswaldo Cruz, Rio de Janeiro
2001; 96: 1137-9.

Konomi N, Lebwohl E, Mowbray K, et al. Detec-
tion of mycobacterial DNA in Andean mummies. J
Clin Microbiol 2002; 40: 4738-40.




Vol. 87 No.2 IDENTIFICATION OF MTB FROM SPUTUM OF ZN STAINED SLIDES

189

- v ) al - o
mswgqﬁdmm’[mlﬂﬂmqmmaunzuuuuua'laﬁn DHRNUN IR B Ta-uRLTY
ol - ' o - |
memIlfignnImEamiwnum e nelngiSWaanT

ar - a & vy *
DYUR  AUTIFNAS, NN,
o a -
USEyy yuiod matt, SNANA  iSegmes, murrr
m3fneildnaniimmgaiidoialsalasarnnimmzuuukuslasiidiumsdandnuniade e
wauinnw lasadamsgaasniaivzaananudualas Msgaauasmianauenfibusliviansmedoniaeddm
- Lo v o Poo a FY  aaaa s - A Aol ool e - P
Msuwadlanididumndulum i nsimedsidasuazmuszdninmendisindans Tnsmsdnsubeudsy
e 4 o f ] a o . pry
AUIBimI e swzuenda Tnlsennauvzesuihsnelminsds duinle i 221 1e Jaamzes
L o £% aaa ' & v - - - aal o
Hieldthumsgandnunsesisifda-uaguiazasiasusiusiisnadnsansiad  lunsdnsSsudisuismsana
P - aa ' . o - & & o o . -
FduMBEDNIDITAN 55139 Modified spin column TAIENTIENTWDY AUYAATIAANTIFY nucleospin MidDxN

o & a

" a = am wvo e R o & I T 4 N o -
W‘LJ'J'\N‘L]ﬁ:N'Y]ﬁﬂ']WIuﬂWTJUQQEJINLWlﬂGl']\lﬂUE]EJ'NNUEJN’]ﬂQJYﬂQNUﬂ '*NPL‘IT‘I‘IWUTEI'WILﬂﬁﬂN‘UULBQLWE]NH@LLEJﬂﬂLSULE]

aa aa

o 1 el & & Ve a €y o - - - & '
NnnfmpteiiinEmMImNe fdueiliiniensissiiRdaslagodomainSnueasisuenne 377 g
Pnfduawvelungy 1S67110 uariwnzvnaniaidonialamnaila Agarose gel electrophoresis uazfiugiu
ATHAWNZVDINANARAINENIIEIT Southern blot hybridization wamsdnsNWL 33RTS fanwluazany
Juwzdbear 91.7 uar 100 muaiau Tunmsdnwuamaiuslasauvsiefnuninda—uaigul i q dodssins-

" Y . - L s ms e .
mwapsmswgadmidninlse wun dlasiiuliuviuna 1 U 35AEesiias el uazAnd e Sbeas 83.3
o w o sl a o a & ' -

waz 100 smwnaeu lesapumsinidmssusn@iingsndszgndldiioRgaidalasanniaamzuuududladvisn
L i 3 1 [ - -l & J Ad - ~ b g H < 1 °
fepnda—uaiduinnoy  suduwwimadsndnauniliiyslsnilumsitdadeinlialdoegnnaidu aspeawin
Tgmawanmailadeisdssduaumwensipwfidmsinlsassauvineiusunudansadse viosuidymsu
- Lo & a - o ma o o
dpsnmsrusedssensia  sawnadsslenfaasims@nmngaunas Feaansounismswdosindsegndidadnm
- o & e & '
dVignrudainlsadaensaly

aa

8 e 4 o a al | o - a aa
fEAY - W@alnlie, BRGNS, lave, dlananuniada—tuamy, MIanaLenABwe, Bonsaedanm

Sryed dtuvignds, Uiy ygiml sudnd iSegnes
A IIUANg 4 2547; 87: 180-189

T MAINRRITINE, ANEEISIINGYAERS, avInaeNEas, NJunw 4 10400
= laawenunahla wdsdos, nganw 4 10400
= dheduges, novinlse, nssnsnassugy, uumg3 11000




