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Abstract
Background: Methylene blue (MB) is used for bacterial staining, and as an antidote drug. We aimed to
investigate the antimicrobial effects of MB against Mycobacterium tuberculosis complex clinical isolates.

Methods: Seventeen stored Mycobacterium tuberculosis complex isolates were inoculated into
Mycobacteria Growth Indicator Tubes (MGIT) and incubated in Automated Mycobacterial Detection
System (AMDS). MGIT tubes containing MB blue at concentrations of 0.2, 2, 20, 1000 µg ml-1 and control
were prepared. Antibiograms were performed using AMDS.

Results: Six isolates were susceptible to MB at all concentrations and �ve were susceptible to only 1000
µg ml-1 MB. Three isolates were susceptible to 1000 and 20 µg ml-1 MB. Susceptibility rate was found
94% when the critical concentration was accepted 400 GU (1/100 of control).

Conclusions: MB may become an alternative anti-tuberculosis agent especially in the topical form of this
drug due to their well-known side effects and dosing regimens.

1. Background
Mycobacterium tuberculosis complex species share 99.9% sequence identity and probably evolved from
a single clone [1, 2]. The species Mycobacterium tuberculosis causes the vast majority of human
tuberculosis (TB) worldwide. In addition, the Mycobacterium africanum species causes human TB in
West Africa, where it accounts for up to 50% of cases [1, 3]. Globally, an estimated 10 million people had
TB in 2018. The burden of disease varies enormously among countries, from less than 5/100,000 to more
than 500/100,000 population per year. There were an estimated 1.2 million TB deaths among HIV-
negative people in the year 2018. The latest treatment outcome data for new cases of TB show a global
treatment success rate of 85% in 2017, an increase of 81% since 2016 [4].

The ongoing global burden of TB and the emergence of multi-drug-resistant (MDR) TB have led to
increased use of second-line anti-TB drugs [5]. Treatment of patients infected with primary anti-TB drug-
resistant M. tuberculosis complex microorganisms, including MDR isolates (resistant to at least isoniazid
and rifampicin), constitutes a real clinical challenge. Moreover, tuberculostatic agents against the MDR
M. tuberculosis complex remain very limited [6]. The emergence of extensively drug-resistant TB (MDR-TB
with additional resistance to any �uoroquinolone and to at least one of the three injectable second-line
drugs which are amikacin, kanamycin and capreomycin) is worsening the drug resistance problem [7, 8].
TB and Human Immunode�ciency Virus co-infections, especially in combination with drug resistance,
have caused outbreaks with extremely high mortality rates. Moreover, the emergence of XDR-TB has had
a dramatic impact on the changing patterns of global TB [9].

Methylene blue (MB), also known as methylthioninium chloride, is a cationic thiazine dye and a
heterocyclic aromatic chemical compound which can be used as a drug for various indications in
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medicine [10-12]. It is a medication in clinical science and a microbiological dye in laboratory medicine [11,

13, 14]. It is used as an antidote to drug-induced methemoglobinaemia, and in surgical sciences for
staining of the surgical �eld [11, 15, 16]. MB reverses hypotension in septic shock, is useful in vasoplegia
following cardiopulmonary bypass, and it is recommended for treatment of protamine reactions. It may
be helpful in anaphylactic shock, and it has helped to treat hypotension related to lithium toxicity, ACE
inhibition, and haemodialysis [11, 12]. MB can be given intravenously as 1-2 mg kg-1 for the treatment of
methemoglobinaemia and it can be administered by intravenous infusion at varying times during
parathyroid surgery at doses ranging from 3 mg kg-1 to 7.5 mg kg-1 [15, 17]. Regarding infectious diseases,
MB has been reported to show activity against Plasmodium falciparum strains and to have the potential
to be used as an antimalarial agent in combination with other drugs [18]. In the literature, there are
promising studies reporting positive effects of MB on several pathogens causing infections such as
candidiasis, choromoblastomycosis, onychomycosis, malaria, acne vulgaris, Acinetobacter infections
and wound-associated bacterial infections due to Staphylococci and E. coli [19-24]. Also, it has been
claimed to be effective in a topical form for the treatment of chronic dermatologic diseases including
lichen planus and psoriasis [25, 26].

In this study we aimed to investigate the inhibitory effect of MB compound against M. tuberculosis
complex clinical isolates in our university hospital. If the inhibitory effect of MB at a clinically achievable
concentration could be proved, an alternative anti-TB drug containing MB could be developed in the
future.

2. Material And Methods

2.1. Isolate Selection
Seventeen non-repetitive M. tuberculosis complex clinical isolates which were isolated from tuberculosis
patients in our university hospital were included in the study. During routine laboratory work, specimens
were cultured using the BACTEC Mycobacteria Growth Indicator Tube (MGIT) 960 Automated
Mycobacterial Detection System (AMDS) (Becton Dickinson, USA). The positive cultures were identi�ed
by microscopy (Ziehl-Neelsen stain) and the immune chromatographic method using the MGIT TBc
Identi�cation Test (Becton Dickinson, USA). Antibiograms for the �rst-line drugs were also implemented
by AMDS. All strains were isolated from the pulmonology clinic in our university hospital between 1st
January 2018 and 1st January 2019 and stored at -20 °C prior to the study.

2.2. Study Design
Before the testing stage, the stored isolates were inoculated into MGIT tubes starting from the last
isolated (stored) strain in order to increase the rate of viability. The �rst 20 isolates which gave a growth
signal in the AMDS were planned to be included in the study. However, three isolates were excluded from
the study due to a contamination in the MB testing stage. In the testing stage, the MGIT 960 AMDS
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system was modi�ed for MB testing and 0.2, 2, 20 and 1000 µg ml-1 concentrations of MB were used
instead of the critical concentrations of the four �rst-line anti-tuberculosis drugs (Figure 1.). In the
cultivation stage, stored isolates were inoculated into MGIT tubes and incubated until the AMDS gave a
positive signal for growth. Then, four MGIT tubes containing MB blue at concentrations of 0.2, 2, 20 and
1000 µg ml-1 were prepared (Figure 2.). On the next day, four testing tubes were inoculated from the
positive MGIT tube according to the manufacturer’s recommendations in accordance with the MGIT
protocol of susceptibility testing for �rst-line anti-tuberculosis drugs [27]. A control tube (1/100 dilution)
was prepared in the same way. When the diluted control tube reached 400 growth units (GU), the AMDS
gave a positive signal and the results were interpreted. If the growing rate was > 100 GU in an MB tube,
the isolate was determined to be resistant to this concentration of MB; if the growing rate was <= 100 GU,
it was determined to be susceptible [27]. If the growing rate was between 100 and 400 GU, the result was
determined as borderline.

3. Results
A total of 17 M. tuberculosis complex clinical isolates showing different antibiogram patterns were
included in the study.  According to previous AMDS antibiogram results which were obtained during
routine laboratory work (before the study), two isolates (12%) were mono-drug-resistant, �ve isolates
(29%) were poly-drug-resistant and ten isolates (59%) were susceptible to all �rst-line anti-tuberculosis
agents. The antibiogram patterns of the isolates for primary (�rst-line) anti-tuberculosis drugs are shown
in Table 1.
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Table 1
Antibiogram pro�les of the isolates for the �rst-line drugs and MB compound via Automated

Mycobacterial Detection System

  First Line Drugs   Growth Units of Isolates at Critical Concentrations of
Methylene Blue

No: STR INH RIF ETA   1000
µg ml− 1

20
µg ml− 1

2
µg ml− 1

0.2 µg ml− 1

1 S S S S   0 0 0 0

2 S S S S   6 0 0 0

3 R R R R   160 400 400 400

4 S S S S   0 0 0 0

5 S R R S   400 400 400 400

6 R S S S   0 8 143 357

7 S R S S   7 103 400 400

8 S S R S   0 0 0 8

9 R S S S   0 9 400 400

10 S S S S   7 0 6 0

11 S R S S   0 1 0 66

12 S S S S   0 400 400 400

13 S S S S   0 400 400 400

14 S S S S   0 103 400 400

15 S S S S   305 400 400 400

16 S S S S   8 102 136 400

17 S S S S   62 85 400 400

*STR: Streptomycin, INH: Isoniazid, RIF: Rifampicin, ETA: Ethambutol** Green boxes: Susceptible ( < = 
100 GU), Yellow boxes: Intermediate (> 100 GU and < 400 GU), Red boxes: Resistant ( > = 400 GU). ***
S: Susceptible, R: Resistant

 

 
In the testing stage for MB, six isolates (three mono-drug-resistant and three susceptible) were found to
be susceptible to MB at all concentrations (0.2 to 1000 µg ml-1). Five isolates (four susceptible and one
mono-drug-resistant) were susceptible to only 1000 µg ml-1 of MB concentration. Three isolates (two
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mono-drug-resistant and one susceptible) were susceptible to 1000 µg ml-1 and 20 µg ml-1 MB
concentrations, and three isolates (two multi-drug-resistant and one susceptible) were resistant to all
concentrations of MB if the critical concentration is accepted as 100 GU.

In our study, 1000 µg ml-1 concentration of MB inhibited 82% of the Mycobacterium tuberculosis complex
isolates. If the two borderline resistant clinical isolates (< 400 GU and > 100 GU) are accepted as
susceptible, the rate of inhibition rises to 94% at the 1000 µg ml-1 concentration. The results are
summarised in Table 1.

4. Discussion
A heterocyclic thiazole derivate, benzothiazinone BTZ043 was reported to be one of the most potent
inhibitors of M. tuberculosis yet described and displayed bactericidal activity both in vitro and in ex vivo
models of TB [28-30]. Previously, similar heterocyclic phenothiazine derivates such as thioridazine and
toluidine blue were investigated and reported to be effective for treatment of pulmonary tuberculosis;
however, we could not �nd any studies investigating the inhibitory effects of MB (another phenothiazine
derivate) on M. tuberculosis complex clinical isolates [31, 32]. Another similar phenothiazine compound
chlorpromazine was shown to be effective on M. tuberculosis complex isolates; however, it was later
understood that the inhibitory concentration of chlorpromazine was many times higher than the safely
achievable dose in the patient [33, 34]. Based upon the data collected for thioridazine, after novel
investigations, it was reported that there could be at least four mechanisms by which this phenothiazine
compound acts on Mycobacterium tuberculosis. The effect may occur by increasing the killing activity of
human macrophages, by inhibiting over-expressed e�ux pump and oxygen consumption of the
pathogen, and by reaching higher concentrations of thioridazine than MIC or MBC of the bacterium [32].
Since methylene blue is a similar heterocyclic phenothiazine derivate, several studies investigating the
antimicrobial effect of this compound against Mycobacteria other than tuberculosis have been
performed by scientists. Shim et al. reported the inhibitory effect of methylene blue-mediated
photodynamic therapy on Mycobacterium smegmatis in 2016 [35]. One year later, Pal et al. conducted
research on Candida albicans and Mycobacterium smegmatis and stated that MB alone inhibited the
growth of Mycobacterium smegmatis at 15.62 µg ml-1 in a bacteriostatic manner similar to its fungistatic
characteristic (Myco-bacteria means fungus-like bacteria in Greek) [36]. They also reported that MB was
leading to impaired cell surface phenotypes, altered colony morphologies, and DNA damage in
Mycobacteria. They suggested performing further investigations on Mycobacterium tuberculosis, since
this pathogen contains unique cell envelope components with complex lipids providing pathogenicity [36].
However, in the literature, there are no reports investigating the effects of MB on M. tuberculosis complex
clinical isolates. Our study might be the �rst in vitro non-photodynamic research investigating the
antimicrobial effect of MB compound on Mycobacterium tuberculosis complex clinical isolates and
showing the potential of MB alone for treatment of tuberculosis infection.
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In our study, we investigated four different critical concentrations of MB because MB can be used as a
drug in different forms for different indications (topical, oral or intravenous) and varied concentrations of
MB can be found in several drug types. In a previous study, Walter-Sac et al. reported that MB plasma
concentration reached 2 µg ml-1 after oral intake of 500 mg MB and remained above this level for more
than �ve hours in healthy individuals. They also showed that MB plasma concentration reached 0.2 µg
ml-1 after intravenous injection of 50 mg MB and remained above this level for more than seven hours
[37]. In two other studies investigating the bioavailability of MB tablets, the areas under curve 0-t [AUC (0-
t)] were found to be about 25 and 33 µg ml-1 x hour after intake of 200 mg MB [38,39]. In another study
investigating the pharmacokinetics and organ distributions of intravenous and oral methylene blue, it
was shown that much higher concentrations of MB were reached in some organs than in blood. In the
animal models, twenty-fold higher concentrations than in blood were found in the brain following
administration of intravenous MB [40].

 When we compare these studies with the �ndings of our research, the critical concentration of MB at 2
µg ml-1 which inhibited 35% of our study isolates could have potential as an alternative anti-tuberculosis
drug. When we accept 20 µg ml-1 as a target critical MB concentration, 53% of the isolates could be
inhibited by administration of MB. If we take three isolates (isolate no: 7, 14, and 16) with borderline
inhibition (103, 103, and 102 GU) into consideration, the rate of susceptibility rises to 70% at the 20 µg ml-
1 critical concentration. Since the proportion method accepts the resistance breakpoint as 1% (equal to
400 GU) of the control population, these borderline values may also be accepted as susceptible [41, 42].
Secondly, the ability of MB to cross the blood-brain barrier and diffuse inside the brain at higher
concentrations than blood could make MB attractive as a potential therapeutic agent for central nervous
system infection such as TB meningitis and TB encephalitis [40].

In the literature, there are some clinical studies investigating the effects of the topical form of MB against
dermatological diseases such as fungal infections, acne vulgaris, psoriasis, and lichen planus [20, 21, 25,

26]. In these studies, the cream, hydro-gel and solution forms of MB were prepared at the concentrations
of 500, 1000 and 200,000 µg ml-1 for photodynamic therapy (not for tuberculosis) and they were found to
be effective for treating patients, without any signi�cant side effects. Comparing the MB doses of these
topical preparations with our results, 1000 µg ml-1 concentration of MB inhibited 82% of the
Mycobacterium tuberculosis complex isolates in our study. If the two borderline resistant clinical isolates
(<400 GU and >100 GU) are accepted as susceptible, the rate of inhibition rises to 94% at 1000 µg ml-1

concentration. We know that Mycobacterium tuberculosis complex may also cause mucosal and
cutaneous infections. So, topical drugs containing much higher MB concentrations (e.g. at 1000 µg ml-1)
may be used to treat local cutaneous infections due to Mycobacterium tuberculosis complex [43]. In our
study only one (4%) MDR isolate (No.:5) was found resistant to MB at all concentrations and second
MDR isolate (No.:3) was resistant to MB at 0.2, 2, and 20 µg ml-1 critical concentrations.   



Page 8/14

The agar proportion method is the accepted “gold” standard for �rst-line antimicrobial susceptibility
testing of Mycobacterium tuberculosis complex isolates. But this method is labour intensive and requires
a calculation by counting colonies. In this method, if there is ≥ 1% growth on the drug-containing medium
as compared to the drug-free medium, the organism is considered resistant [41, 42]. The MGIT 960 AMDS
uses a similar broth proportion method and the system is currently recommended by the WHO as the gold
standard for second-line drug susceptibility testing [44]. Since the aim of this study is to investigate MB as
a novel and alternative (second-line) anti-tuberculosis drug, MGIT 960 AMDS was included in the study. In
a multicentre study, levo�oxacin, amikacin, capreomycin, and ethionamide drugs were investigated and
the overall agreement between the agar proportion method and the MGIT 960 AMDS was found to be
96.4% [45]. Thus, the AMDS system is not only practical but also has a good agreement with the
proportion method.

5. Conclusions
Since resistance development has emerged as a signi�cant problem in the treatment of tuberculosis, the
discovery of new anti-tuberculosis drugs has gained importance. In this study, we showed that 35% of
isolates were inhibited by MB even at the lowest dose (0.2 µg ml-1) and 82% of the isolates were
susceptible to the highest concentration (1000 µg ml-1) of MB.  When the critical concentration was
accepted as 400 GU (1/100 of the control), MB was effective on 94% of the isolates at the MB
concentration of a topical drug form. We believe that MB may become an alternative anti-tuberculosis
agent especially in the topical form of this drug. As an advantage, various topical and parenteral forms of
FDA-approved MB preparations are available on the market. Thus, it could be easier to treat different
types of tuberculosis disease using these drug forms because of their well-known side effects and dosing
regimens [48]. As a second advantage, MB is a cheap and naive drug which is not in routine use for any
infection.  If we can con�rm our results with more in vivo and in vitro experiments, MB could become an
alternative anti-tuberculosis drug in the future.
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Figure 1

Antimicrobial susceptibility testing principle for methylene blue *MGIT 960 tubes containing bacteria and
0.2, 2, 20, and 1000 µg ml-1 methylene blue were prepared. **The �orescence levels indicating the
bacterial growth were online monitored using Automated Mycobacterial Detection System. ***MB:
Methylene blue ****MGIT: Mycobacteria Growth Indicator Tube
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Figure 2

MGIT 960 antibiogram tubes containing increasing concentrations of methylene blue *MGIT 960 tubes
containing 0.2, 2, 20, and 1000 µg ml-1 methylene blue and growth control (left to right).
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