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A new rapid colourimetric method for testing Mycobacterium
tuberculosis susceptibility to isoniazid and rifampicin:
a crystal violet decolourisation assay

Ahmet Yilmaz Coban/*
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The aim of this study was to investigate the performance of a new and accurate method for the detection of
isoniazid (INH) and rifampicin (RIF) resistance among Mycobacterium tuberculosis isolates using a crystal violet
decolourisation assay (CVDA). Fifty-five M. tuberculosis isolates obtained from culture stocks stored at -80°C were
tested. After bacterial inoculation, the samples were incubated at 37°C for seven days and 100 uL of CV (25 mg/L
stock solution) was then added to the control and sample tubes. The tubes were incubated for an additional 24-48
h. CV (blue/purple) was decolourised in the presence of bacterial growth; thus, if CV lost its colour in a sample
containing a drug, the tested isolate was reported as resistant. The sensitivity, specificity, positive predictive value,
negative predictive value and agreement for INH were 92.5%, 96.4%, 96.1%, 93.1% and 94.5%, respectively, and
88.8%, 100%, 100%, 94.8% and 96.3%, respectively, for RIF. The results were obtained within eight-nine days. This
study shows that CVDA is an effective method to detect M. tuberculosis resistance to INH and RIF in developing
countries. This method is rapid, simple and inexpensive. Nonetheless, further studies are necessary before routine
laboratory implementation.
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Tuberculosis is a major public health problem, partic-
ularly in developing countries. Mycobacterium tubercu-
losis isolates that are resistant to at least rifampicin (RIF)
and isoniazid (INH) are defined as multidrug resistant
(MDR). As drug resistance is a serious problem for con-
trol programmes, there is a need for new, rapid and ac-
curate drug susceptibility tests for the diagnosis of MDR
tuberculosis isolates (Martin et al. 2007). Indeed, the
early detection of drug resistance in M. tuberculosis iso-
lates allows for the use of appropriate antibiotics for the
treatment of patients, which is the most important step
for controlling this disease (Martin et al. 2008). The pro-
portion method, the absolute concentration method, the
resistance ratio method and the non-radiometric MGIT
960 system (Becton & Dickinson Diagnostic Systems,
Sparks, MD, USA) are prevalent conventional methods
for drug susceptibility testing (Kent & Kubica 1985, Mar-
tin et al. 2007, CLSI 2011). However, obtaining drug sus-
ceptibility results on Lowenstein-Jensen (LJ) and agar-
based media requires at least three-six weeks. Although
the commercial liquid-based BACTEC 460 TB system
is faster, it nevertheless requires special equipment, con-
tains radioactive material and is expensive; furthermore,
the use of this method is difficult in many countries. The
BACTEC MGIT 960 system (Becton & Dickinson) is a
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non-radiometric method, but has a high cost, which is the
main disadvantage (Martin et al. 2007).

Recently, inexpensive, rapid and reliable colourimet-
ric methods have attracted increased interest; of these,
the resazurin microplate method and the nitrate re-
ductase assay are the most popular (Angeby et al. 2002,
Palomino et al. 2002, Syre et al. 2003, Coban et al. 2004,
Martin et al. 2005, Montoro et al. 2005, Bwanga et al.
2010, Dixit et al. 2012). Crystal violet (CV) is a triph-
enylmethane dye that is antimicrobial and toxic to mam-
malian cells. CV is used for the prevention of fungal
growth in poultry feed; however, in contrast to bacteria
and fungi, mycobacteria are considered to be resistant
to CV. It has been suggested that this resistance to CV
could be the result of the reduction of CV and sequestra-
tion in the lipid fraction of these bacteria. CV can be
reductively decolourised and it has also been shown that
water-borne pathogenic mycobacteria decolourise CV
(Jones & Falkinham IIT 2003).

Accordingly, I have developed a new method for the
detection of INH and RIF resistance in M. tuberculosis
isolates using a CV decolourisation assay (CVDA).

MATERIALS AND METHODS

Bacterial isolates - Fifty-five M. tuberculosis iso-
lates obtained from culture stocks at -80°C were tested
by CVDA. All isolates were freshly grown on LJ media.
Eighteen were MDR isolates, nine isolates were only re-
sistant to INH and the remaining 28 were sensitive to
both INH and RIF. In the present study, H37Rv-ATCC
25618 (susceptible to all drugs), ATCC 35822 (resistant
to INH) and ATCC 35838 (resistant to RIF) were used as
the control strains.
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The BACTEC 460 TB system (Becton & Dickinson)
was used as the reference method for the determination
of susceptibility in the 18 MDR isolates, whereas the
BACTEC MGIT 960 system (Becton & Dickinson) was
used as the reference method for the determination of
susceptibility in the remaining isolates.

Preparation of antibiotics and CV - INH, RIF and
CV were purchased from Sigma. Stock solutions of INH
and RIF at 1,000 mg/L were prepared in sterile distilled
water and methanol, respectively, and the stock solutions
were stored at -20°C until use. Stock solutions of CV at
25 mg/L were prepared with sterile distilled water, steri-
lised by filtration and stored at 4°C until use.

Preparation of bacterial inocula - Five or six colo-
nies of each the 55 isolates freshly grown on LJ media
was suspended in a physiological saline tube containing
10-15 glass beads and then vortexed for 30 sec. The tube
was kept in a vertical position for 1 h at room tempera-
ture to allow for the sedimentation of aerosols and large
particles. The turbidity of the supernatant was adjusted
to a McFarland standard of 1 (CLSI 2011).

Preparation of the medium - The bacteria were test-
ed in Middlebrook 7H9S broth (containing 0.1% casiton,
0.5% glycerol and 10% oleic acid, albumin, dextrose and
catalase). INH and RIF were tested at critical concentra-
tions of 0.25 mg/L and 0.5 mg/L, respectively (Martin et
al. 2011). The test was performed in three tubes, includ-
ing two assay tubes and one growth control tube. The as-
say tubes contained INH or RIF and the growth control
tube was without antibiotics.

Determination of the CV concentration - In this
study, the concentration of CV was determined accord-
ing to the value of tolerance described by Jones and
Falkinham III (2003). The appropriate test concentration
of CV was determined by titration of the stock solution.
The most suitable concentration was 100 uL of 25 mg/L
a stock solution in a 1-mL tube.

Application of the test - An INH test tube (0.25 mg/L),
an RIF test tube (0.5 mg/L) and an antibiotic-free growth
control tube were used for each bacterium. A bacterial
suspension (50 puL) that was adjusted to McFarland stan-
dard 1 was inoculated into the three tubes and the tubes
were incubated at 37°C. On the seventh day of incuba-
tion, 100 uL of CV (25 mg/L stock solution) was then
added to the tubes and incubated for an additional 24-48
h. As CV (blue/purple) is decolourised by the growth of
bacteria, the isolate was considered to be resistant to that
drug if the colour of CV was lost (Figs 1-3).

RESULTS

The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and agreement
for INH were found to be 92.5%, 96.4%, 96.1%, 93.1%
and 94.5%, respectively. Two isolates were found to be
sensitive to INH by CVDA, though they were resistant
according to the reference method. One INH-suscep-
tible isolate was also found to be resistant by CVDA.
The sensitivity, specificity, PPV, NPV and agreement
for RIF were 88.8%, 100%, 100%, 94.8% and 96.3%,

Fig. 1: blue/purple colour - there is no any bacterial growth. De-
colourisation - there is bacterial growth. ATCC 35838 - rifampicin
(RIF)-resistant standard strain. A: negative control tube without drug
or bacteria; B: positive control tube with bacteria without drug; C: test
tube with RIF (resistant to RIF); D: test tube with isoniazid (INH)
(susceptible to INH).

Fig. 2: blue/purple colour - there is no any bacterial growth. De-
colourisation - there is bacterial growth. A clinical multidrug resis-
tant isolate - resistant to isoniazid (INH) and rifampicin (RIF). A:
negative control tube without drug or bacteria; B: positive control
tube with bacteria without drug; C: test tube with INH (resistant to
INH); D: test tube with RIF (resistant to RIF).

Fig. 3: blue/purple colour - there is no any bacterial growth. De-
colourisation - there is bacterial growth. A clinical isolate - suscep-
tible to to isoniazid (INH) and rifampicin (RIF). A: negative control
tube without drug or bacteria; B: positive control tube with bacteria
without drug; C: test tube with RIF (susceptible to RIF); D: test tube
with INH (susceptible to INH).

respectively. Two RIF-resistant isolates were found to be
susceptible by CVDA (Table). The results were obtained
within eight-nine days.
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TABLE

Comparing the results of crystal violet decolourisation assay (CVDA) with those obtained with reference method

Reference method?

460TB/MGIT
Sensitivity Specificity PPV NPV Agreement
Drug CVDA R S (%) (%) (%) (%) (%)
INH R 18/7 0/1 92.5 96.4 96.1 93.1 94.5
S 0/2 27 - - - - -
RIF R 16/0 0/0 88.8 100 100 94.8 96.3
S 2/0 0/37 - - - - -

a: automated systems included BACTEC 460 TB and MGIT 960 were used as reference methods; INH: isoniazid; NPV: nega-
tive predictive value; PPV: positive predictive value; R: resistant; RIF: rifampicin; S: sensitive.

DISCUSSION

There is increasing interest in the use of colourimetric
methods for the susceptibility testing of M. tuberculosis
isolates. These methods have certain advantages in that
they are easy to perform, reproducible, reliable and read-
ily available and have a very low cost. The present study
is the first to assess CV decolourisation for the evaluation
of M. tuberculosis antimicrobial susceptibility.

Jones and Falkinham IIT (2003) showed that CV and
malachite green were decolourised by water-borne path-
ogenic mycobacteria, a feature that is believed to be due
to the properties of the bacterial cell wall. It was sug-
gested that decolourisation could be due to the reduction
of CV and its sequestration in the lipid fraction. In that
same study, water-related mycobacterial pathogens were
shown to be tolerant to CV concentrations of up to 15
mg/L (Jones & Falkinham III 2003). Therefore, a con-
centration of less than 15 mg/L was used in the present
study. As a result of titration, 100 pL of a 25 mg/L stock
solution of CV was added to the assay tubes; thus, the fi-
nal concentration would be 2.5 mg/L, which the bacteria
may be able to tolerate.

Colourimetric methods, such as the resazurin mi-
croplate method, the nitrate reductase assay (NRA),
(2-methoxy-4-nitro-5-sulphophenyl)-2H-tetrazolium-5-
carboxanilide, 2,3-bis (2-methoxy-4-nitro-5-sulfophenyl)-
5-[(phenylamino) carbonyl]-2H-tetrazolium hydroxide
and the malachite green decolourisation assay, have been
developed for the drug susceptibility testing of M. tuber-
culosis clinical isolates and these new colourimetric meth-
ods have yielded concordant results with reference meth-
ods (Angeby et al. 2002, Palomino et al. 2002, de Logu
et al. 2003, Syre et al. 2003, Coban et al. 2004, Martin et
al. 2005, Montoro et al. 2005, Farnia et al. 2008, Bwanga
et al. 2010, Dixit et al. 2012). NRA requires three differ-
ent compounds, including sulfanilamide, n-1-naphthyleth-
ylenediamine and concentrated hydrochloric acid for the
Griess reagent; in addition, freshly prepared Griess rea-
gent should be used for the test. The resazurin microplate
method requires resazurin salt powder. In contrast, CV
dye is inexpensive and is used for Gram staining in clini-
cal microbiology laboratories; therefore, it can be easily
obtained by many laboratories.

In this study, the critical concentration used was 0.5
mg/L for RIF and the results from two isolates were
inconsistent with the reference method: these isolates
were sensitive according to CVDA, but were resistant
with the reference method. However, full agreement
may be observed if the critical concentration is reduced
by one or two dilutions. This new colourimetric method
showed sensitivities, specificities and agreements of
92.5%, 88.8% and 96.4% and 100%, 94.5% and 96.3%,
respectively, for INH and RIF. However, the low number
of tested resistant strains may have resulted in the low
sensitivity of the test. For this reason, further studies
with more resistant strains are needed before routine
laboratory implementation.

In conclusion, a new method based on CV decolourisa-
tion was developed. Based on the accuracy reported here,
CVDA is a rapid, simple, inexpensive and potent method
for the detection of INH and RIF resistance in M. tubercu-
losis isolates, particularly in developing countries.
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