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ABSTRACT
Mycobacterium tuberculosis complex (MTBC) is a major causative agent of public
health problems. Nontuberculous mycobacteria are also increasingly encountered worldwide.
Acid-fast bacilli (AFB) staining and culture are conventional methods used for mycobacterial
identification. The aim of the study was to compare the performance of the two methods for
AFB staining and culture, i.e. The hypertonic saline-sodium hydroxide (HS-SH) technique
was compared with the N-acetyl-L-cysteine-sodium hydroxide (NALC-NaOH) method for
AFB staining and cultivation. A cross-sectional study was conducted in a tuberculosis
laboratory of the 3rd Office of Disease Prevention and Control, Nakhon Sawan Province,
Thailand, during October 2015 to September 2016. Totally, 427 paired samples of sputum
were digested and decontaminated by HS-SH and NALC-NaOH methods. After
concentration, the processed samples were cultured in Löwenstein–Jensen (LJ) media and
Mycobacteria Growth Indicator Tube (MGITs). The direct smear detection before and after
concentration of the sputum by both methods was also examined. To evaluate HS-SH method,
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
accuracy and kappa were analyzed. The positive rates of AFB smears by both concentration
methods were significantly higher than the direct method (P=0.032). The HS-SH method was
highly comparable to the traditional NALC-NaOH method for microscopy and culture in LJ
media and MGITs (kappa=0.96, 0.59 and 0.45, respectively) with no statistically significant
difference. Sensitivity, specificity, PPV, NPV and accuracy of the HS-SH method for
cultivation was 96.3%, 100.0%, 100.0%, 94.5% and 97.7%, respectively. The conclusion, The
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HS-SH method demonstrated good sensitivity, specificity, PPV, NPV and accuracy similar to
NALC-NaOH method for sputum digestion and concentration of both microscopy and culture
with low cost and workload.
Keywords: Mycobacterium tuberculosis; Hypertonic saline-sodium hydroxide; NALC-NaOH
sputum concentration examined by Acidfast bacilli (AFB) microscopy and
cultivation.

1. Introduction
Tuberculosis (TB) is an infectious
disease
caused
by
Mycobacterium
tuberculosis complex (MTBC) that kills 1.3
million people annually around the world
[1]. Some nontuberculous mycobacteria
(NTM), predominantly M. avium complex,
are emerging pathogens that cause
pulmonary diseases similar to MTBC
infection, mostly in immunocompromised
hosts [2-3]. Thailand, as classified by the
World Health Organization (WHO), is a
country that has high TB and drug-resistant
TB cases with about 108,000 new cases
yearly and mortality of 9,300 cases [1].
Current laboratory testing of MTBC and
NTM is based on molecular assays;
however, sputum microscopy and culture,
which is the gold standard, are essential for
mycobacterial diagnosis and patient
monitoring in low-income and middleincome
countries.
Cultivation
of
mycobacteria by conventional solid medium
and automated system with liquid medium
requires
sputum
digestion
and
decontamination steps with N-acetyl-Lcysteine-sodium hydroxide (NALC-NaOH)
as recommended by the WHO and the
Centers for Disease Control and Prevention
(CDC) [4,5]. This method needs costly
reagents and special training. Therefore, a
simpler and inexpensive procedure,
hypertonic saline-sodium hydroxide (HSSH) method, is interesting to be used in
mycobacterial laboratories [6,7]. The
Hypertonic saline, mucolysis reagent,
breaks down hydrogen bonds and separates
DNA from mucus. The sodium hydroxide
has a decontaminating function [8,9,10]. To
evaluate HS-SH method, it was compared
with the standard NALC-NaOH method for

2. Materials and Methods
2.1 Study design and study population
A prospective study was carried out
in the tuberculosis laboratory at the 3rd
Office of Disease Prevention and Control,
Nakhon Sawan Province, Thailand from
October 2015 to September 2016. A total of
427 sputum samples were collected from
patients with suspected re-treatment, ontreatment, pre-treatment and new cases of
tuberculosis who had visited government
hospitals located in the central part of
Thailand. The re-treatment group included
patients who relapsed and patients whose
treatment was interrupted or lost to followup for at least 2 consecutive months.
On-treatment cases are defined as patients
were still being treated with anti-TB drugs
after the two-month intensive treatment
phase.
Pre-treatment
patients
were
suspected cases of tuberculosis including
multidrug-resistant tuberculosis (MDR-TB)
household contacts, patients with human
immunodeficiency virus (HIV) infection,
and prisoners in jails. New cases are defined
as the suspected TB patients who have
never received treatment for TB, or who
have taken anti-TB drugs for less than one
month [11,12]. The sputum samples were
immediately transported to the tuberculosis
laboratory at the 3rd Office of Disease
Prevention and Control, Nakhon Sawan
Province. This study was reviewed and
approved by The Ethical Review SubCommittee Board for Human Research
Involving Sciences, Thammasat University,
No. 3 (ECScTU 013/2558).
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Statistical analysis: The data were
analyzed using basic descriptive statistics
and
represented
frequencies
and
percentages. The Chi-square or Fisher’s
exact test was used to compare proportions.
To evaluate the HS-SH method, the
sensitivity, specificity, positive predictive
value (PPV), negative predictive value
(NPV) accuracy and kappa were calculated
to measure the efficacy of the HS-SH
method when compared to the NALCNaOH method. The level of significance
was at P-value < 0.05.

2.2 Comparison of HS-SH method versus
NALC-NaOH method in tuberculosis
identification
All samples underwent direct smear
and staining with the Ziehl-Neelsen method.
Each sample was then equally divided into
two parts; one part was processed with
NALC-NaOH technique and the other was
concentrated by the HS-SH method.
For the NALC-NaOH method, at
least 1 ml sputum was added to a 50 ml
centrifuge tube with an equal volume of a
mixture containing 0.1 grams of NALC, 10
ml of 2.9% sodium citrate and 10 ml of 4%
NaOH. The tube was vortexed well and kept
at room temperature for 15 min. For
neutralization, sterile phosphate buffer
saline (PBS) pH 6.8, was added to bring the
total volume to 50 ml. After mixing, the
tube was centrifuged at 3000xg for 15 min
at 4oC. The supernatant was discarded and
the pellet was resuspended in 1 ml sterile
PBS. For the last suspension, 500 µl was
added into MGIT tube and 100 µl each was
inoculated into two LJ media. One drop of
the suspension was also used to prepare a
smear for AFB microscopy. The LJ culture
tubes were incubated at 37oC for up to 8
weeks and the MGIT broth was incubated
inside the MGIT 960 automated culture
system at 37oC for up to 6 weeks according
to the current guideline [13]. Mycobacteria
were identified using the criteria of time for
growth detection, colony morphology,
pigmentation
and
AFB
smear.
M. tuberculosis was identified by SD
Bioline MPT64 rapid test (Standard
Diagnostic, South Korea).

3. Results and Discussion
3.1 Results
Of the 427 patients, the median age
was 53 years (range: 18-102 years) with
male to female ratio of 3.5:1. The mean
duration of specimens that were stored at 28°C until concentration processing was 4.8
days with the average sputum volume of 4.4
ml. Both HS-SH and NALC-NaOH
concentration methods yielded about 7%
more positive AFB microscopy than the
direct smear method (Table 1) (kappa index
= 0.4, P < 0.032), while agreement between
the two concentration methods was
excellent (kappa index = 0.96, P = 0.998).
Out of all smear-positive sputum
processed by HS-SH and NALC-NaOH
methods, 41.9% and 41.0% were AFB
grades of 3 plus, respectively, whereas
21.8% was found for the direct smear
method (Table 2). When patients were
classified into 4 groups including retreatment, on-treatment, pre-treatment and
new case tuberculosis, the positive rates of
AFB smears by the concentration methods
were also higher than the unconcentrated
direct method with P-value of 0.009, 0.001,
0.018 and 0.036, respectively.
Cultivation using the HS-SH
method on LJ media and MGITs yielded
slightly more positive results than the
NALC-NaOH
method.
Contaminated
cultures were detected by macroscopic and
microscopic assessment. The appearances of

For the HS-SH method, at least 1 ml
sputum was mixed with an equal volume of
HS-SH solution containing 10 ml of 10%
NaCl and 10 ml of 4.0% NaOH. The tube
was mixed well and incubated at room
temperature for 15 min. The rest of the
process was as described in the NALCNaOH procedure.
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contaminated LJ media were liquefaction,
media color change or growth of nonmycobacterial colonies, while contaminated
MGITs generally showed heavy turbidity.
Then AFB smears from both media were
examined for distinguishing between
mycobacterial growth and contamination.
There were about 4% less contaminated
cultures by HS-SH than by NALC-NaOH.
Nevertheless, there were no statistically
significant differences in culture results of
LJ and MGITs with P=0.230 and 0.148,
respectively (Table 1). The contamination
rates for HS-SH and NALC-NaOH of retreatment, on-treatment, pre-treatment and
new case groups were not significantly
different with P-value of 0.78, 0.24, 1.00
and 1.00 respectively (data not shown).
Nontuberculous mycobacteria (NTM) were
isolated in 10.8% of 427 patients. Both
decontamination methods (HS-SH and
NALC-NaOH) showed equal mean and
median times to culture positive of 25 days
and 21 days by LJ media, respectively. By
MGITs, the coverage times to detect growth
were 9.8 days for HS-SH and 9.6 days for
NALC-NaOH, while the median times were
equal to each other at 8.0 days.
The previous study of criteria of
sputum quality for diagnosing tuberculosis
found that quality of the sputum specimen
should have > 25 white blood cells (WBCs)
per low power field (LPF) and < 25
squamous epithelial cells per LPF [14]. The
positive results of AFB microscopy
determined
by all
methods
were
significantly higher in qualified specimens
than unqualified specimens (P<0.001) with
positive rates increasing to 20-24%. The
good specimens were also associated with
positive mycobacteria cultures by LJ media
and MGITs in which positive culture rate
increased to 10-16%.
About 60% of sputum specimens
collected from re-treatment, pre-treatment
and new case-patients were positive by AFB
smear and culture. However, only 30-35%
was detected as positive by both methods in

on-treatment cases (Table 3). In ontreatment patients, the number of positive
direct smear and negative mycobacteria
growth was about 43% while only less than
5% was found in the other patient groups.
The sensitivity, specificity, predictive
values and accuracy of AFB microscopy
and cultures were calculated by using total
culture results as the reference. These values
of the HS-SH method had a high correlation
with the NALC-NaOH method when they
were used in the concentration of sputum
samples for AFB smear and cultivation
(Table 4). The sensitivity, NPV and
accuracy of AFB microscopy prepared by
both concentration methods were increased
when compared with the direct microscopic
method. The specificity and PPV of both
concentration methods were lower than in
the direct microscopic method because there
were on-treatment samples in this study.
Some AFB-positive samples of the ontreatment group were non-viable bacilli
because of treatment which yield no growth
in culture. This discordance affected both
concentration methods to yield the low
specificity and PPV in AFB microscopy.
The efficiency of 1-month-old HS-SH
solution was compared with a freshly
prepared solution for digestion and
concentration of 60 sputum samples (Table
5). Both decontamination methods yielded
similar results for AFB microscopy (kappa
index = 1.0). Growth of mycobacteria on LJ
media and MGITs using fresh solution was
slightly better than the one-month storage
solution, but showed no significant
difference (kappa = 0.9 and 0.78,
respectively, with P>0.90).
In Thailand, the cost of homemade
HS-SH solution was about US$ 0.01 per
sputum sample and US$ 0.06 when using
in-house NALC-NaOH solution and US$
1.01 when using commercial NALC-NaOH
solution.
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Table 1. Results of AFB microscopy and culture by HS-SH and NALC-NaOH methods.
AFB microscopy
n (%)
HSSH

Results
Direct
smear
Negative
Positive
Contaminated

LJ media
P

NALCNaOH

168
(39.3)
259
(60.7)

136
(31.9)
291
(68.1)

137
(32.1)
290
(67.9)

-

-

-

HSSH

n (%)
NALCNaOH

193
(45.2)
197
(46.1)
37
(8.7)

0.032

MGIT 960 media

181
(42.4)
194
(45.4)
52
(12.2)

P

0.230

n (%)
NALCNaOH

HSSH
144
(33.7)
238
(55.7)
45
(10.6)

135
(31.6)
228
(53.4)
64
(15.0)

P

0.148

Table 2. Comparison of AFB microscopy grades and different preparation methods in various
patients.
AFB Microscopy grading
Patients

Methods
Negative

Scanty

1+

2+

3+

Re-treatment

Direct smear

51

15

10

9

35

n = 120

HS-SH

42

3

17

9

49

NALC-NaOH

42

3

18

8

49

On-treatment

Direct smear

37

11

34

24

11

n = 117

HS-SH

24

2

19

23

49

NALC-NaOH

24

3

19

24

47

Pre-treatment

Direct smear

30

9

11

11

22

n = 83

HS-SH

28

1

10

6

38

NALC-NaOH

28

1

10

7

37

New case

Direct smear

50

8

8

16

25

n = 107

HS-SH

42

5

12

5

43

NALC-NaOH

43

5

11

6

42
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Table 3. Comparison of mycobacterial culture with the concentration methods according to
patient groups.
AFB smear/Culture
Patients

Methods
+/+

+/-

-/+

-/-

+/c

-/c

Re-treatment

HS-SH

70

5

3

35

3

4

n = 120

NALC-NaOH

72

5

2

35

1

5

On-treatment

HS-SH

39

50

8

16

4

0

n = 117

NALC-NaOH

35

51

7

16

7

1

Pre-treatment

HS-SH

51

2

4

23

2

1

n = 83

NALC-NaOH

50

2

3

24

3

1

New case

HS-SH

63

2

3

37

0

2

n = 107

NALC-NaOH

62

2

5

35

0

3

+: Positive results, -: Negative results, c: Contaminated results

Table 4. Sensitivity, specificity, PPV, NPV and accuracy of AFB microscopy and culture by
HS-SH and NALC-NaOH methods.
AFB microscopy

Culture

Results
Direct smear

HS-SH

NALC-NaOH

HS-SH

NALC-NaOH

Sensitivity (%)

84.3

91.3

90.9

96.3

96.3

Specificity (%)

73.4

65.6

65.6

100.0

100.0

PPV (%)

83.3

80.7

80.6

100.0

100.0

NPV (%)

74.8

82.8

82.1

94.5

94.5

Accuracy (%)

80.1

81.3

81.1

97.7

97.7

PPV: Positive predictive value, NPV: Negative predictive value

Table 5. Results of AFB microscopy and culture of fresh and 1-month-old HS-SH solutions.

Negative
Positive
Contaminated

AFB microscopy (%)
Direct
1-monthFresh
smear
old
30
26
26
(50.0)
(43.3)
(43.3)
30
34
34
(50.0)
(56.7)
(56.7)
-

-

-
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LJ (%)
1-monthFresh
old
38
40
(63.3)
(66.7)
19
17
(31.7)
(28.3)
3
3
(5.0)
(5.0)

MGIT (%)
1-monthFresh
old
32
33
(53.3)
(55.0)
26
24
(43.3)
(40.0)
2
3
(3.3)
(5.0)
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In this study, overall contamination rates of
HS-SH on LJ and MGIT media were less
than those of NALC-NaOH which
resembled
other
observations
[6,7].
Additionally, contaminated cultures from
the continuous monitoring system were
slightly higher than those using LJ media,
which was similar to some studies [21,22]
and dissimilar to others [6,23]. However,
the MGIT system definitely facilitates faster
mycobacteria detection [6,21-24]. This
study also demonstrated that the better the
quality of sputum samples collected, the
lower the contamination rates found by
MGIT system in both concentration
methods. While quality of sputum had no
association with contaminated cultures by
LJ media. The contamination rates by HSSH and NALC-NaOH methods were 9-11%
and 12-15%, respectively, in our study
which is slightly higher than recent studies
that range from 4-13% [6,25-27].

3.2 Discussion
Sputum culture is commonly used
for TB diagnosis and monitoring treatment
in cases with drug resistance, and useful for
epidemiological surveillance. This report
included four patient groups for efficiency
comparison
between
an
HS-SH
decontamination method and a conventional
NALC-NaOH method. Both methods
showed concordance results of AFB smear
microscopy and culture on LJ and MGIT
media. On-treatment cases are patients
receiving anti-TB drugs so an appearance of
smear-positive and culture-negative results
is frequently encountered [15]. The AFB
smear-positivity with culture-positivity was
43% of on-treatment patients in this study
that was related to a finding after 2 months
of treatment in 45% of patients [16] and
after 5 months of therapy in 80% of cases
[17].
AFB microscopy is a simple
inexpensive and rapid method for diagnosis
of tuberculosis with lower sensitivity than a
culture. Concentrated sputum by HS-SH and
NALC-NaOH methods resulted in higher
positive rates of AFB microscopy by about
7% compared to direct smear. With an 8%
increase in re-treatment, 11% in ontreatment, 2% in pre-treatment and 7% in
new case groups, our results were similar to
previous studies that had increased positive
rates of 2-19% [6,7]. Qualified sputum
specimens could influent high positive rates
of AFB smear and mycobacterial culture as
shown in this study and the other that used a
criteria of ≥ 25 WBC/LPF [18].
Mycobacterial
culture
needs
decontamination
and
concentration
procedures before inoculating sputum
samples in liquid and solid media. Our
results show that MGIT 960 liquid media
provided higher recovery rate and rapid
growth detection than LJ media which was
similar to other studies [6,19]. However, an
international guideline recommends using
both media for mycobacterial culture [20].

4. Conclusion
The NALC-NaOH method is a
recommended standard by international
organizations for sputum decontamination
of mycobacterial cultivation. An obvious
disadvantage of the method is the expense
and instability of the NALC solution which
may hinder the progression of a TB control
program in non-developed countries. This
study supports the HS-SH method as an
alternative
decontamination
and
concentration method for mycobacterial
culture and AFB smear.

Acknowledgements
The authors gratefully acknowledge
the financial support provided by
Thammasat University under the TU
Research Scholar.

References
[1]

141

World Health Organization. Global
Tuberculosis Report 2018. Geneva:
WHO; 2018.

A. Bunkhong et al. | Science & Technology Asia | Vol. 24 No. 4 October - December 2019

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

Koh WJ, Chang B, Jeong BH, Jeon K,
Kim SY, Lee NY, et al. Increasing
recovery of nontuberculous mycobacteria
from respiratory specimens over a 10year period in a tertiary referral hospital
in South Korea. Tuberc Respir Dis
(Seoul) 2013;75:199-204.
Blanc P, Dutronc H, Peuchant O, Dauchy
FA, Cazanave C, Neau D, et al.
Nontuberculous mycobacterial infections
in a French hospital: a 12-year
retrospective
study.
PLoS
One
2016;11:e0168290.
World Health Organization. Laboratory
services in tuberculosis control part II:
culture. Geneva: WHO; 1998.
Kent PT, Kubica GP. Public health
mycobacteriology: a guide for the level
III laboratory. Atlanta: CDC; 1985.
Ganoza CA, Ricaldi JN, Chauca J, Rojas
G, Munayco C, Agapito J, et al. Novel
hypertonic saline-sodium hydroxide (HSSH) method for decontamination and
concentration of sputum samples for
Mycobacterium tuberculosis microscopy
and
culture.
J
Med
Microbiol
2008;57:1094-8.
Morcillo N, Imperiale B, Palomino JC.
New simple decontamination method
improves microscopic detection and
culture of mycobacteria in clinical
practice. Infect Drug Resist 2008;1:21-6.
King M, Dasgupta B, Tomkiewicz RP,
Brown NE. Rheology of cystic ﬁbrosis
sputum after in vitro treatment with
hypertonic saline alone and
in
combination with recombinant human
deoxyribonuclease. Am J Resp Crit Care
Med 1997;156:173-7.
Elkins MR, Bye PT. Mechanisms and
applications of hypertonic saline. J R Soc
Med 2011;104:S2-5.
Ricaldi JN, Guerra H. A simple and
improved method for diagnosis of
tuberculosis using hypertonic saline and
sodium hydroxide to concentrate and
decontaminate sputum. Trop Doct
2008;38:97-9.
Department
of
Disease
Control
(Thailand). Guideline for programmatic
management of drug-resistat. Bangkok:
ACFT; 2015.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

142

Department
of
Disease
Control
(Thailand). National Tuberculosis control
Programme Guidelines, Thailand 2018.
Bangkok: Aksorn Graphic and Design
Publishing; 2018.
Global
Laboratory
Initiative.
Mycobacteriology laboratory manual.
Geneva: GLI; 2014.
Umesh H, Nitin S. Correlation of various
criteria for sputum quality with AFB
smears positivity. Pak J Med Sci
2013;3:30-4.
Chao WC, Huang YW, Yu MC, Yang
WT, Lin CJ, Lee JJ, et al. Outcome
correlation of smear-positivity but
culture-negativity during standard antituberculosis treatment in Taiwan. BMC
Infect Dis 2015;15(67):1-8.
Lim CS, Lee CH, Chien YJ, Wang JY,
Lee LN, Yu CJ, et al. Culture result of
smear-positive sputum samples after 2
months of antituberculous treatment. Eur
Respir J 2010;35:218-20.
Kang HK, Jeong BH, Lee H, Park HY,
Jeon K, Huh HJ, et al. Clinical
significance of smear positivity for acidfast bacilli after ≥5 months of treatment
in
patients
with
drug-susceptible
pulmonary
tuberculosis.
Medicine
2016;95:e4540.
Lee YJ, Shin S, Roh EY, Yoon JH, Kim
DK, Chung HS, et al. Acceptability of
sputum specimens for diagnosing
pulmonary tuberculosis. J Korean Med
Sci 2015;30:733-6.
Hasan M, Munshi SK, Momi MSB,
Rahman F, Noor R. Evaluation of the
effectiveness of BACTEC MGIT 960 for
the detection of mycobacteria in
Bangladesh.
Int
J
Mycobacteriol
2013;2:214-9.
Lewinsohn DM, Leonard MK, LoBue
PA, Cohn DL, Daley CL, Desmond E, et
al. Official American Thoracic Society/
Infectious Diseases Society of America/
Centers for Disease Control and
Prevention clinical practice guidelines:
diagnosis of tuberculosis in adults and
children. Clin Infect Dis 2017;64:111-5.
Chihota VN, Grant AD, Fielding K,
Ndibongo B, van Zyl A, Muirhead D, et
al. Liquid vs. solid culture for

A. Bunkhong et al. | Science & Technology Asia | Vol. 24 No. 4 October - December 2019

[22]

[23]

[24]

tuberculosis: performance and cost in a
resource-constrained setting. Int J Tuberc
Lung Dis 2010;14:1024-31.
Robbe-Austerman S, Bravo DM, Harris
B. Comparison of the MGIT 960,
BACTEC 460 TB and solid media for
isolation of Mycobacterium bovis in
United States veterinary specimens. BMC
Vet Res 2013;9:74.
Saini D, Singh A, Kumar A, Rawat R,
Verma RK, Singh DP. Comparison of
BACTEC MGIT with conventional
methods for detection of mycobacteria in
clinically suspected patients of extra
pulmonary tuberculosis in a tertiary care
hospital. Int J Res Med Sci 2017;5:35303.
Bhat UP, Boloor R. Comparison of rate
of isolation and characterisation of
mycobacteria by AFB smear, LJ medium
and MGIT. Int J Curr Microbiol App Sci
2018;7:2397-404.

[25]

[26]

[27]

143

Sharma M, Misra RN, Gandham NR,
Jadhav SV, Angadi K, Wilson V.
Comparison of modified Petroff's and Nacetyl-L-cysteine-sodium
hydroxide
methods for sputum decontamination in
tertiary care hospital in India. Med J DY
Patil Univ 2012;5:97-100.
McClean M, Stanley T, Stanley S, Maeda
Y, Goldsmith CE, Shepherd R, et al.
Identification and characterization of
breakthrough contaminants associated
with the conventional isolation of
Mycobacterium tuberculosis. J Med
Microbiol 2011;60:1292-8.
Chaudhary SK, Mishra B. Comparison of
hypertonic
saline-sodium hydroxide
method with modified Petroff’s method
for
the
decontamination
and
concentration of sputum samples. Int J
Infect Microbiol 2013;2:78-81.

