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ABSTRACT
Objectives
Colistin sulphomethate sodium (s.s.) causes cell wall damage, deformation, and bulging. It 
potentiates isoniazid or amikacin’s activity against M. tuberculosis in-vitro. Its potency as an 
adjuvant drug to combat tuberculosis warrants investigation. This study aimed to determine 
the Early Bactericidal Activity (EBA) of colistin s.s. Dry Powder Inhalation (DPI) alone and 
in combination with intravenous kanamycin in drug-susceptible, sputum smear-positive, 
adult, treatment-naïve pulmonary tuberculosis.

Methods
Ten patients were randomized to 14-days administration of colistin s.s. DPI 55 mg bd, 
intravenous kanamycin (15-20 mg/kg daily), intravenous kanamycin combined with colistin 
s.s. DPI, standard treatment (Isoniazid, Rifampicin, Pyrazinamide, and Ethambutol), or 3-days 
without treatment. Sixteen-hour overnight sputum collected daily on day 0-4, 6, 8, 10, 12, 
14 was plated in serial dilutions on selective agar plates. The EBA was expressed as the log10 
decrease in CFU/ml on day 0-2, 2-14, and 0-14.

Results
The EBA0-14 under standard treatment was 0.26 and biphasic, as in previous studies. The EBA0-2 
and EBA2-14 (standard deviation) were -0.51 (0.51) and -0.05 (0.04) for colistin s.s. DPI, 0.27 
(0.26) and 0.10 (0.04) for intravenous kanamycin, 0.08 (0.00) and 0.05 (0.03) for colistin s.s. 
DPI and intravenous kanamycin combination; 0.36 (0.39) and 0.20 for standard treatment. 
The EBA0-2 (standard deviation) for the untreated group was 0.19 (0.12). No drug-related 
serious adverse events occurred. Patients who received Colistin s.s. DPI had increased trend 
of Leicester cough scale score but steady trend of St. George Respiratory Questionnaire 
score, compared to the untreated group.

Conclusions
Colistin s.s. DPI alone demonstrated no bactericidal activity. Colistin in combination with 
intravenous kanamycin showed little bactericidal activity in two subjects studied, less than 
in two subjects on intravenous kanamycin alone. Colistin s.s. DPI was well tolerated, and 
reduced chronic cough, but did not affect patients’ respiratory health status. A full clinical 
study to corroborate this finding is planned.

INTRODUCTION 
Tuberculosis (TB) is a major global health problem. It is estimated that 20 - 25% of the world’s 
population is infected with Mycobacterium tuberculosis, often leading to active TB 1. In 2017, 
there were an estimated 10 million newly diagnosed cases of TB, and 1.6 million people 
died from the disease, making TB the leading cause of death among infectious diseases 
worldwide 2. There was an estimated 558.000 cases of rifampicin and multidrug resistant 
(RR and MDR) TB 2. MDR-TB is defined as TB resistant to at least Isoniazid and Rifampicin, 
the most powerful first-line drugs for TB 2. Reports show that MDR-TB constitutes between 
3.5% and 18% of all cases of TB, but with increasing numbers in several countries 2. In 1993 
Goble et al. reported a 56% success rate with both chemotherapy and adjunctive surgery 
for cases with MDR-TB. Their study showed a 46% mortality rate in the group with treatment 
failure 3. A previous review showed success rates of 62% and overall mortality rates of 11% 4, 
and the WHO reported a success rate of only 55% globally 2. A recent study in Korea showed 
a treatment success rate of 37% and an all-cause mortality rate of 31% 5. 

Next to developing new anti-TB drugs for MDR-TB, exploiting drugs already available for 
other infections  - repurposed drugs – combined with therapeutic drug monitoring has been 
shown to be a successful approach 6. Exploring other routes of administration for existing 
drugs is yet another option. Since most TB cases are pulmonary TB, direct administration of 
TB drugs to the lung would be rewarding. Such treatment options may include drugs, which 
act against M. tuberculosis, as an efflux pump inhibitor or causing destruction of the cell wall 
or cell membrane. In this manner other drugs may act more potently against M. tuberculosis.

Currently, colistin sulphomethate sodium is used as antipseudomonal drug. It is usually 
administered by liquid nebulization. It has a non-specific detergent-like action, or it pokes 
holes in cell membranes. There is evidence of cell wall damage, deformation and bulging. This 
may cause activity against a wide range of mycobacteria 7, especially a synergistic effect with 
other anti-TB drugs. This was shown with scanning electron micrographs of cultured isolates 
of extremely drug resistant M. tuberculosis, which were treated with 12,5 mcg/mL colistin 8. 
Recently, Lee et al. showed a synergistic effect of colistin and rifampicin in A. baumannii 9. 
Meanwhile, Bax et al. and van Breda et al. indicated that colistin could potentiate the anti-TB 
drug activity 10,11.

Inhalation of colistin sulphomethate sodium might therefore be an interesting candidate 
as additional drug for TB treatment. The TwincerTM was a device specifically designed to 
efficiently disperse high doses of dry powder formulations (e.g. antibiotics) into particle 
sizes suitable for inhalation with excellent properties for effective lung deposition. Colistin 
sulphomethate sodium Dry Powder Inhalation (DPI) has already been tested in healthy 
volunteers 12, patients with cystic fibrosis 13, and TB patients in South Africa (unpublished 
data), showed that the Colistin sulphomethate sodium DPI (Twincer inhaler) was well 
tolerated by the subjects. Recently, one report showed the use of colistin DPI next to high 
dose isoniazid for a very difficult to treat patient with XDR-TB 14.
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Early bactericidal activity (EBA) studies are a surrogate marker of outcome for anti-TB 
drugs. Current drugs with good EBA are isoniazid, rifampicin, and moxifloxacin 15. To 
investigate the added value of Colistin sulphomethate sodium DPI in an EBA study, a drug 
which has low EBA should be used as it will not mask the effect of Colistin sulphomethate 
sodium DPI. The EBA for amikacin is low 16, whilst the bactericidal activity of amikacin is very 
similar with kanamycin 17, thus kanamycin i.v. could be used for the purpose of this study. We 
aimed to investigate the EBA of Colistin sulphomethate sodium DPI alone and in combination 
with intravenous kanamycin in patients with pulmonary TB and to compare the tolerability 
and quality of life between patients who obtained inhaled colistin and controls.

METHODS
Trial design and patients
This study was a proof-of-principle study, which used a prospective, randomized, and open 
label design. Inclusion criteria were patients with pulmonary TB, age ≥ 18 years, sputum 
smear microscopy (+) (at least 1+ on the WHO scale) that was confirmed with Löwenstein-
Jensen culture, had a chest radiograph consistent with TB, rifampicin susceptible TB 
(confirmed with GeneXpert, Cepheid, CA), treatment naïve, without current treatment of any 
other antibiotic; able to produce at least 10 mL of sputum estimated from spot assessments, 
creatinin clearance > 45 mg/ml (according to Cockcroft-Gault formula), and a statement 
from the doctor/pulmonologist that the patient’s treatment could be delayed for two weeks. 
Exclusion criteria were patients currently on TB treatment, drug resistant TB, pregnancy 
(or suspicion of pregnancy), allergy to kanamycin and or other aminoglycosides, allergy 
to colistin, and patients with chest radiograph showing emphysematous parenchymal 
destruction. No formal sample size calculation was conducted because the study was an 
exploratory proof-of-principle study. The allocation ratio was 1:1 for each trial group.

We divided the patients into five groups; each group consisted of 2 patients, i.e. (1) 
Colistin sulphomethate sodium DPI 55 mg bd for 14 days, (2) Kanamycin i.v. (15-20 mg/kg, 
according to WHO guidelines) daily for 14 days, (3) Kanamycin i.v. (15-20 mg/kg, according 
to WHO guidelines) daily together with colistin sulphomethate sodium DPI 55 mg bd for 
14 days, (4) Active control/patient who obtained Fixed Drug Combination treatment which 
consists of Isoniazid, Rifampicin, Pyrazinamid, and Ethambutol (HRZE), according to WHO 
guidelines for 14 days, and (5) Without any initial treatment for 3 days. The patients were 
recruited from Lung Hospital, Yogyakarta, Indonesia. 

The study protocol followed the guidelines of the Helsinki Declaration of 2013, and was 
approved by the institutional review board at the Faculty of Medicine, Universitas Gadjah 
Mada, Yogyakarta, Indonesia (KE/FK/0395/EC). Written informed consent was obtained from 
each subject before enrollment in the study.

Test methods
Colistin was used in the form of Colistin sulphomethate sodium DPI, put in 
a Twincer. The TwincerTM is a disposable multi air classifier dry powder inhaler developed 
at the department of Pharmaceutical Technology and Biopharmacy from the University of 
Groningen. The device consists of 4 parts: a classifier plate, a discharge plate, a cover plate 
and a blister (Figure 1). The dispersion principle of the TwincerTM is based on multiple air 
classifier technology 18. The currently developed version of the TwincerTM can disperse 55 
mg of colistin sulphomethate sodium into the desired particle size range per inhalation 19.

Participants were randomly assigned following simple block randomization procedures 
to one of the five treatment groups. Allocation concealment was performed with sequentially 
numbered, sealed and stapled envelopes. These envelopes contained information about 
the treatment group, which was inserted randomly by a nurse in the Dr. Sardjito Hospital, 
who was not involved in the trial. The envelopes were kept in a safe, locked cabinet on each 
recruitment place. The allocation sequence was concealed from the doctors enrolling and 
assessing participants. After the patient gave written informed consent, the patient’s name 
and code was written on the envelope. Corresponding envelopes were opened just before 
the time of intervention by the researcher. 

The patients were hospitalized in the Dr. Sardjito Hospital TB unit for the whole period 
of study medication intake, except for group 4 as they had ambulatory care as defined in 
standard care. For group 1-4, sputum was collected for the first 16 hours of the day, daily on 
day 0-4, and afterwards every alternate day until day 14. For group 5, sputum was collected 

Figure 1. Presentation of the Twincer® as a disposable inhaler for high doses of moisture 
sensitive materials stored in a blister. The drawing shows the basic concept (prototype on the 
left side) and the first moulded version (right side), which comprises three plate-like inhaler 
parts and the blister with a long pull-off strip. 
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Figure 1. Presentation of the Twincer® as a disposable inhaler for high doses of moisture sensitive 
materials stored in a blister. The drawing shows the basic concept (prototype on the left side) and 
the first moulded version (right side), which comprises three plate-like inhaler parts and the blister with 
a long pull-off strip.
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for the first 16 hours of the day, daily on day 0-3. We calculated Colony Forming Units (CFU)/
mL of M. tuberculosis in the sputum from the collection day. Patients collected the sputum in 
pre-labeled, wide-mouthed 150-mL containers with a screw cap that were left at the bedside 
for the collection period and subsequently refrigerated until they were analysed. To ensure 
patient safety, we performed daily pulse oximetry, vital signs, physical examination, and 
adverse events monitoring. Body weight, renal function (creatinine clearance, BUN, urinalysis 
for proteinuria, decreased specific gravity, casts, and cells), liver function (ALT, AST, albumin), 
electrolytes (potassium), Oto-Acoustic-Emissions examination, and C-Reactive Protein 
were measured at day 0, day 7, and day 14 (group 1-4) or at day 0 and 3 (group 5). Patients 
were also asked to fill in Leicester cough scale and St. George Respiratory Questionnaire, 
translated in the local language (Bahasa Indonesia). After the study treatment, all subjects 
started regular treatment for TB (Fixed Drug Combination which consists of HRZE) according 
to WHO guidelines. 

Sample Analysis
Magnetic stirring was used to homogenize the sputum. As many as 0.2 g dithiothreitol, 1.56 
g sodium chloride, 0.04 g potassium chloride, 0.224 g disodium hydrogen phosphate, and 
0.04 g potassium dihydrogen phosphate were mixed with 15 ml water, and were added to 
homogenized sputum in equal volume, with a maximum volume of sputum of 10 ml. This 
mixture was vortexed for 20 seconds, and left at room temperature for 20 min for digesting. 
One ml of this mixture was taken to prepare a range of 10-fold dilutions from 100 to 10-5. 
Afterwards, 100 µl from each dilution was plated in quadruplicate on 7H11 agar plates 
(Becton Dickinson, Franklin Lakes, NJ) that contained 200 units/ml of polymixin B, 10 µg/
ml of amphotericin B, 100 µg/ml of ticarcillin, and 10 µg/ml of trimethoprim (Selectatab; 
Mast, Merseyside, United Kingdom). The plates were incubated for 3 to 4 weeks at 37°C, and 
the CFU was counted at the dilution that showed 20 to 200 visible colonies 20. The counting 
was done for every section of plates (quadruplicate) by two people independently (A.M.S. 
and a research assistant). If there were differences, the CFU was re-calculated together to 
reach consensus. A third person  - a laboratory technician - was involved if no consensus was 
reached. The mean of a maximum of four CFU counts at each day was calculated. 

The efficacy of treatments was assessed by the change in log10 CFU/ml sputum in day 2 
and 14 for each patient. The EBA on day 0 to day 14 (EBA (0-14)) was calculated as (log10 CFU/
ml sputum day 0 - log10 CFU/ml sputum day 14)/14, averaged per patient group. For a CFU 
count of 0, the log10 CFU count was set to 0. EBA (0-2), and EBA (2-14) were calculated with 
the same method. As each group only consisted of 2 study participants, no statistical test 
was conducted.

The Leicester cough scale and St. George Respiratory Questionnaire were analysed 
according to the guideline 21,22. 

RESULTS
Study population
We included 12 patients between January and July 2018; two patients were excluded 
from analysis due to heavy contamination of culture (Figure 2). The mean age of all study 
participants was 36.2 (SD: 16.6) years, BMI was 18.7 (SD: 3.1) kg/m2. The characteristics of 
study participants in each group are presented in Table 1.

Bactericidal activity
The bactericidal activity of HRZE (standard treatment) was biphasic (Table 2 and Figure 3), 
showing similar result in magnitude with HRZE in previous studies 23–25. We thereby validated 
our laboratory methodology. Table 2 indicates that the bactericidal activity of Kanamycin 
i.v. was high, and most prominent from day 0 to 2. Colistin s.s. DPI alone did not show any 
bactericidal activity, but its combination with Kanamycin i.v. showed increased bactericidal 
activity. However, compared to Kanamycin i.v. alone and the untreated group, combination 
of Colistin s.s. DPI and Kanamycin i.v. had lower EBA0-2. Change of log10 CFU/mL sputum over 
all treatment days for each group is presented in Figure 3. 

Safety
At least one adverse event considered to be related to the study medication was reported 
in 3 patients on I.V. Kanamycin, which were temporary tinnitus, vertigo, disruption of outer 
hair cell function, and 1 patient on HRZE, who experienced itch. These were generally mild 
events. The tinnitus and vertigo stopped after few minutes, disruption of outer hair cell 

Table 1. Characteristics of study participants

Characteristics
Colistin s.s. 
DPI Kanamycin i.v.

Colistin s.s. DPI 
and Kanamycin 
i.v.

Standard 
treatment 
(HRZE)

Without 
initial 
treatment

Patients, n 2 2 2 2 2
Age, mean (SD), years 50.0 (31.1) 25.5 (10.6) 24.0 (2.8) 35.5 (14.8) 46.0 (1.4)
Sex (male/female), % 50/50 50/50 100/0 0/100 100/0
Ethnicity, n (%)

Javanese

Papua 

2 (100)

0 (0)

2 (100)

0 (0)

1 (50)

1 (50)

2 (100)

0 (0)

2 (100)

0 (0)
Bodyweight, mean (SD), kg 46.8 (7.4) 49.5 (4.9) 55.5 (9.2) 46.5 (16.3) 46.0 (4.2)
Height, mean (SD), m 1.63 (0.2) 1.59 (0.09) 1.69 (0.05) 1.54 (0.05) 1.65 (0.02)
BMI, mean (SD), kg/m2 17.7 (1.5) 19.8 (4.1) 19.7 (4.4) 19.5 (5.6) 17.0 (2.0)

SD=standard deviation
All subjects completed drug intake. Because of heavy contamination in one patient of HRZE group on day 12 and 
14, two days EBACFU calculations (day 12 and day 14) were omitted. 
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function stopped after the Kanamycin administration was finished, and the itch stopped 
after 2 days, thus no emergency action was taken.

Quality of life and respiratory health status of patients
Figure 4 shows that the health-related quality of life due to reduced chronic cough increased 
steeply in the patients who obtained HRZE. Patients who obtained Colistin s.s. DPI alone, 
Kanamycin i.v. alone, and combination of Colistin s.s. DPI and Kanamycin i.v. experienced 
modest escalation of quality of life. Meanwhile, the health-related quality of life in group of 
patients who did not obtain treatment slightly declined.

Figure 5 shows that the respiratory health status of patients who received HRZE sharply 
increased from day 1 to day 3 for around 25%, and was steady afterwards. Patients who 
obtained Colistin s.s. DPI alone and Kanamycin i.v. alone experienced relatively steady 
respiratory health status, however, in the last day, patients with Kanamycin i.v. had around 
20% improvement. Combination of Colistin s.s. DPI and Kanamycin i.v. resulted in moderate 
improvement of respiratory health status. Patients without treatment experienced 
a deterioration of respiratory health status. 

Figure 2. Flow-chart of participants 
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Figure 2. Flow-chart of participants

Table 2. Early bactericidal activity determined by the fall in CFU/ml of M. tuberculosis

Days of EBA

Mean log10 CFU/ml for each group (n)

Colistin s.s. DPI (2) Kanamycin i.v. (2)
Colistin s.s. DPI and 
Kanamycin i.v. (2)

Standard 
treatment 
(HRZE) (2)

Without initial 
treatment (2)

Baseline 5.09 (0.64) 5.99 (1.56) 7.48 (0.20) 5.35 (1.46) 6.30 (1.20)
EBA (0-2) -0.51 (0.51) 0.27 (0.26) 0.08 (0.00) 0.36 (0.39) 0.19 (0.12)
EBA (0-14) -0.11 (0.11) 0.13 (0.00) 0.05 (0.02) 0.26* -
EBA (2-14) -0.05 (0.04) 0.10 (0.04) 0.05 (0.03) 0.20* -

Values are mean log10 CFU/ml sputum/day (±SD).
*SD cannot be generated because CFU/ml data of day 14 in one patient was omitted due to heavy contamination.

Figure 3. CFU counts of all treatment groups over time, expressed as log10 CFU/ml, 95% confidence 
intervals for each treatment group are represented by dotted lines. 

 

7.3.3. Safety 

At least one adverse event considered to be related to the study medication was reported in 3 
patients on I.V. Kanamycin, which were temporary tinnitus, vertigo, disruption of outer hair cell 
function, and 1 patient on HRZE, who experienced itch. These were generally mild events. The 
tinnitus and vertigo stopped after few minutes, disruption of outer hair cell function stopped after 
the Kanamycin administration was finished, and the itch stopped after 2 days, thus no emergency 
action was taken. 

7.3.4. Quality of life and respiratory health status of patients 

Figure 4 shows that the health-related quality of life due to reduced chronic cough increased steeply 
in the patients who obtained HRZE. Patients who obtained Colistin s.s. DPI alone, Kanamycin i.v. 
alone, and combination of Colistin s.s. DPI and Kanamycin i.v. experienced modest escalation of 
quality of life. Meanwhile, the health-related quality of life in group of patients who did not obtain 
treatment slightly declined. 

Figure 4. The Leicester cough scale scores for each group, per day. Higher score shows 
better health related quality of life. 
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status and 0 indicates best possible health status. 

	

of colistin and another aminoglycoside drug (amikacin) in-vitro sterilized MTB after 6 days, 
while same dose amikacin that was applied alone did not 10. Obviously the study was not 
powered to draw any firm conclusions yet, as the case mix and chance effects of disease 
activity and sputum production over time are subject to naturally occurring fluctuations 26.

When colistin sulphate was administered by nebulization, its concentration in 
the pulmonary epithelial lining fluid in rats was 1800 times higher than when it was 
administered intravenously 27, suggesting that inhalation provided higher lung concentration 
while reducing systemic concentration and side effects. Previous reports also showed that 
concentrations of intravenous colistin in serum and bronchoalveolar lavage fluid in patients 
were suboptimal 28,29. There was concern regarding the sufficient level of colistin concentration 
in lung to potentiate anti-TB drugs, considering that colistin activity in-vitro was decreased 
by pulmonary surfactant 11,30. However, one report showed that the use of 55 mg colistin s.s. 
DPI next to high dose isoniazid resulted in a favorable outcome in a patient with XDR-TB 14, 
thus indicating that this dose was adequate in generating sufficient concentration in lung.

Another advantage from drugs’ synergism is to reduce the total dose of drugs thus also 
reduce drugs’ systemic side effects. Besides, colistin in combination with other anti-TB drugs 
may be used to clear the upper airways, as the risk of building resistance for colistin is low 31.

Kanamycin had high bactericidal activity in the two participants receiving this drug 
alone, while other drugs in the aminoglycoside group, i.e. amikacin and streptomycin, 
showed low bactericidal activity in patients with pulmonary TB 16,25. However, it corresponds 
with a previous in-vitro study that streptomycin, kanamycin, capreomycin, and amikacin 
were highly bactericidal against M. tuberculosis 17. The bactericidal activity of Kanamycin was 
higher in the first days of study (day 0 to 2) than day 2 to 14. Indeed, in a mouse model with 
acute TB, high doses of amikacin or streptomycin were only bactericidal during the initial 
period of treatment 16.  Recently, the overall effect of kanamycin in MDR-TB (typically given for 
5-7 months) was actually associated with impaired outcome 32 and WHO have subsequently 
changed the treatment guidelines for MDR-TB 33.

The increased trend of Leicester cough scale score in patients who obtained Colistin s.s. 
DPI, either alone or in the combination with Kanamycin i.v., in comparison with the negative 
control (untreated group) shows that Colistin s.s. DPI contributed to reducing chronic cough 
in patients, although not as substantial as in patients who received first line TB drugs (HRZE). 
St. George Respiratory Questionnaire was designed to assess patients’ perception of their 
recent respiratory problems, and measures disturbances to patients daily physical activity 
and psycho-social function 22. Colistin s.s. DPI alone seemed to not affect patients’ respiratory 
health status, but the addition of Kanamycin i.v. improved it. The result of this questionnaire 
in this study corresponds with the result of the bactericidal activity, in which drugs that 
reduced the CFU/ml also reduced the respiratory complaints and their impacts on patients’ 
daily activities. 

In this pilot study we found that the untreated group also experienced reduction of 
the log10 CFU/ml from day 0 to 2, which was also shown in previous studies 16,34. However, 

Figure 4. The Leicester cough scale scores for each group, per day. Higher score shows better health 
related quality of life.

Figure 4. The Leicester cough scale scores for each group, per day. Higher score shows 
better health related quality of life. 

	

Figure 5. The St. George Respiratory Questionnaire scores for each group, per day. Scores are expressed 
as a percentage of overall impairment where 100 represents worst possible health status and 0 indicates 
best possible health status.

DISCUSSION
We provide evidence that in our setting using solid culture media, using dilutions to estimate 
dynamics in CFU/mL of sputum over time, EBA studies can be reliably and safely conducted. 

In this small-sized proof of principle EBA study over 14 days, Colistin sulphomethate 
sodium DPI alone demonstrated no bactericidal activity, in accordance with the study by 
van Breda et al. 11. The bactericidal activity of Colistin sulphomethate sodium DPI increased 
when it was combined with Kanamycin i.v. However, it is striking that Kanamycin i.v. alone 
had higher EBA than the combination of Kanamycin i.v. with Colistin sulphomethate sodium 
DPI, suggesting that the addition of Colistin s.s. DPI might have an antagonistic effect to 
the bactericidal activity of Kanamycin. Meanwhile, a previous study showed that combination 
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the reduction of the log10 CFU/ml for the untreated group in this study was higher than 
in other EBA studies. There might be several reasons, firstly, the sputum is more liquid in 
the last days due to administration of ambroxol/GG/acetylcystein to help patients expel their 
sputum, thus the number of bacilli was therefore reduced by dilution. However, the effect 
of these drugs also affected the other groups because we used these drugs for all patients. 
Secondly, one of the patients in this group had a sore throat, thus probably in the last days 
he could not expel sputum maximally, causing lower quality of sputum. Thirdly, there might 
have been sputum collection errors (the sputum container was not closed immediately after 
coughing sputum, the sputum container was put under a window where sunshine entered, 
or other errors that we might not have controlled for). Lastly, there may be a chance effect 
resulting from patients’ immunity resulting in a fluctuating pattern of excretion and growth 
of bacilli 16.

An EBA study for 14 days allows supervised treatment and standardized measurements 
in a relatively small number of hospitalized and highly selected individuals; however, such 
study cannot explore long-term toxicity or the sterilizing activity of a drug or regimen. 
Nonetheless, we did not observe specific toxicity of Colistin sulphomethate sodium in  
this study. 

CONCLUSION
We have shown that in our system using solid media and semi-induced sputum, we were 
able to perform an EBA study effectively. Although the number of study participants was 
too low to draw any robust conclusions, we found that bactericidal activity of Colistin 
sulphomethate sodium DPI increased when it was combined with Kanamycin i.v, but was less 
than Kanamycin i.v. alone. Colistin sulphomethate sodium DPI contributed to reduce chronic 
cough, but did not affect patients’ respiratory health status. There were no serious adverse 
events from the administration of Colistin sulphomethate sodium DPI and Kanamycin 
i.v. A future well-powered and long-term study should follow these first experiments to 
investigate further the EBA of Colistin sulphomethate sodium DPI combined with a second 
bactericidal agent, or any of the current first choice agents used to combat MDR-TB.

REFERENCES

1. Houben RMGJ, Dodd PJ. The Global 
Burden of Latent Tuberculosis Infection: 
A Re-estimation Using Mathematical 
Modelling. Metcalfe JZ, ed. PLOS Med. 
2016;13(10):e1002152. doi:10.1371/journal.
pmed.1002152

2. World Health Organization. Global 
Tuberculosis Report 2018. http://
a p p s . w h o . i n t / i r i s / b i t s t r e a m /
handle/10665/274453/9789241565646-eng.
pdf?ua=1. Accessed September 27, 2018.

3. Goble M, Iseman MD, Madsen LA, Waite D, 
Ackerson L, Horsburgh CR. Treatment of 
171 patients with pulmonary tuberculosis 
resistant to isoniazid and rifampin. N Engl 
J Med. 1993;328(8):527-532. doi:10.1056/
NEJM199302253280802

4. Samuels JP, Sood A, Campbell JR, Ahmad 
Khan F, Johnston JC. Comorbidities 
and treatment outcomes in multidrug 
resistant tuberculosis: A systematic review 
and meta-analysis. Sci Rep. 2018;8(1).  
doi:10.1038/s41598-018-23344-z

5. Jeon DS, Shin DO, Park SK, et al. Treatment 
outcome and mortality among patients 
with multidrug-resistant tuberculosis 
in tuberculosis hospitals of the public 
sector. J Korean Med Sci. 2011;26(1):33-41. 
doi:10.3346/jkms.2011.26.1.33

6. Alffenaar JW, Kosterink JG, van Altena R, van 
der Werf TS, Uges DR, Proost JH. Limited 
sampling strategies for therapeutic drug 
monitoring of linezolid in patients with 
multidrug-resistant tuberculosis. Ther Drug 
Monit. 2010;32(1):97-101. doi:10.1097/
FTD.0b013e3181cc6d6f [doi]

7. Rastogi N, Potar MC, David HL. 
Antimycobacterial spectrum of 
colistin (polymixin E). Ann l’Institut 
PasteurMicrobiologie. 1986;137A(1):45-53.

8. E.A. Nardell, A. Stoltz, A. Dharmadhikari, E.d. 
Kock, M. Mphahlele, M. Hoppentocht, A.d. 
Boer, E. Frijlink, K. Venter M v. d. W. Inhaled 
colistin: a novel approach for reducing drug-
resistant TB transmission. In: In: S. Poster (Ed.) 

International Union Against Tuberculosis and 
Lung Disease, Vancouver. ; 2013.

9. Lee HJ, Bergen PJ, Bulitta JB, et al. Synergistic 
activity of colistin and rifampin combination 
against multidrug-resistant Acinetobacter 
baumannii in an in vitro pharmacokinetic/
pharmacodynamic model. Antimicrob 
Agents Chemother. 2013;57(8):3738-3745. 
doi:10.1128/AAC.00703-13 [doi]

10. Bax HI, de Steenwinkel JE, Kate MT Ten, van 
der Meijden A, Verbon A, Bakker-Woudenberg 
IA. Colistin as a potentiator of anti-TB drug 
activity against Mycobacterium tuberculosis. 
J Antimicrob Chemother. 2015;70(10):2828-
2837. doi:10.1093/jac/dkv194 [doi]

11. van Breda S V, Buys A, Apostolides Z, 
Nardell EA, Stoltz AC. The antimicrobial 
effect of colistin methanesulfonate on 
Mycobacterium tuberculosis in vitro. 
Tuberculosis (Edinb). 2015;95(4):440-446. 
doi:10.1016/j.tube.2015.05.005 [doi]

12. Westerman EM, de Boer AH, Brun PP Le, Touw 
DJ, Frijlink HW, Heijerman HG. Dry powder 
inhalation of colistin sulphomethate in healthy 
volunteers: A pilot study. Int J Pharm. 2007;335(1-
2):41-45. doi:S0378-5173(06)00952-5 [pii]

13. Westerman EM, Boer AH De, Brun PP Le, 
et al. Dry powder inhalation of colistin in 
cystic fibrosis patients: a single dose pilot 
study. J Cyst Fibros. 2007;6(4):284-292.  
doi:S1569-1993(06)00135-4 [pii]

14. Akkerman OW, Grasmeijer F, de 
Lange WC, et al. Cross border, highly 
individualised treatment of a patient with 
challenging extensively drug-resistant 
tuberculosis. Eur Respir J. 2018;51(3). 
doi:10.1183/13993003.02490-2017

15. Gosling RD, Uiso LO, Sam NE, et al. 
The bactericidal activity of moxifloxacin in 
patients with pulmonary tuberculosis. Am 
J Respir Crit Care Med. 2003;168(11):1342-
1345. doi:10.1164/rccm.200305-682OC

16. Donald PR, Sirgel FA, Venter A, et al. 
The early bactericidal activity of amikacin 
in pulmonary tuberculosis. Int J Tuberc Lung 
Dis. 2001;5(6):533-538.



CHAPTER 7 EARLY BACTERICIDAL ACTIVITY OF COLISTIN SULPHOMETHATE SODIUM DRY POWDER INHALATION

136 137

77

17. Heifets L, Lindholm-Levy P. Comparison 
of bactericidal activities of streptomycin, 
amikacin, kanamycin, and capreomycin 
against Mycobacterium avium and 
M. tuberculosis. Antimicrob Agents  
Chemother. 1989;33(8):1298-1301.

18. de Boer AH, Hagedoorn P, Westerman EM, Le 
Brun PPH, Heijerman HGM, Frijlink HW. Design 
and in vitro performance testing of multiple 
air classifier technology in a new disposable 
inhaler concept (Twincer®) for high powder 
doses. Eur J Pharm Sci. 2006;28(3):171-178. 
doi:10.1016/j.ejps.2005.11.013

19. Grasmeijer F, Hagedoorn P, Frijlink HW, 
de Boer AH. Characterisation of high 
dose aerosols from dry powder inhalers. 
Int J Pharm. 2012;437(1-2):242-249. 
doi:10.1016/j.ijpharm.2012.08.020 [doi]

20. Donald PR, Sirgel FA, Venter A, et al. Early 
bactericidal activity of antituberculosis agents. 
Expert Rev Anti Infect Ther. 2003;1(1):141-155.

21. Birring S.S., Prudon B., Carr A.J., Singh S.J., 
Morgan M.D.L., Pavord I.D. Development of 
a symptom specific health status measure for 
patients with chronic cough: Leicester Cough 
Questionnaire (LCQ). Thorax. 2003;58(4):339-
343. doi:10.1136/thorax.58.4.339

22. Jones PW, Forde Y. The St George’s 
Respiratory Questionnaire Manual. Version 
2.3. June 2009. 2009;44(June):0-16.

23. Diacon AH, Dawson R, Hanekom M, 
et al. Early bactericidal activity and 
pharmacokinetics of PA-824 in smear-
positive tuberculosis patients. Antimicrob 
Agents Chemother. 2010;54(8):3402- 
3407. doi:10.1128/AAC.01354-09; 10.1128/
AAC.01354-09

24. Botha FJ, Sirgel FA, Parkin DP, van de Wal BW, 
Donald PR, Mitchison DA. Early bactericidal 
activity of ethambutol, pyrazinamide 
and the fixed combination of isoniazid, 
rifampicin and pyrazinamide (Rifater) in 
patients with pulmonary tuberculosis. S Afr 
Med J. 1996;86(2):155-158.

25. Jindani A, Aber VR, Edwards EA, Mitchison 
DA. The early bactericidal activity of drugs 

in patients with pulmonary tuberculosis. 
Am Rev Respir Dis. 1980;121(6):939-949.

26. Drain PK, Bajema KL, Dowdy D, et al. Incipient 
and Subclinical Tuberculosis: a Clinical Review 
of Early Stages and Progression of Infection. 
Clin Microbiol Rev. 2018;31(4):e00021-18. 
doi:10.1128/CMR.00021-18

27. Gontijo AVL, Grégoire N, Lamarche I, Gobin 
P, Couet W, Marchand S. Biopharmaceutical 
characterization of nebulized antimicrobial 
agents in rats: 2. Colistin. Antimicrob 
Agents Chemother. 2014;58(7):3950-3956. 
doi:10.1128/AAC.02819-14

28. Imberti R, Cusato M, Villani P, et al. 
Steady-state pharmacokinetics and BAL 
concentration of colistin in critically ill 
patients after IV colistin methanesulfonate 
administration. Chest. 2010;138(6):1333-
1339. doi:10.1378/chest.10-0463

29. Markou N, Markantonis SL, Dimitrakis E, 
et al. Colistin serum concentrations after 
intravenous administration in critically 
ill patients with serious multidrug-
resistant, gram-negative bacilli infections: 
A prospective, open-label, uncontrolled 
study. Clin Ther. 2008;30(1):143-151. 
doi:10.1016/j.clinthera.2008.01.015

30. Schwameis R, Erdogan-Yildirim Z, Manafi 
M, Zeitlinger MA, Strommer S, Sauermann 
R. Effect of pulmonary surfactant on 
antimicrobial activity in vitro. Antimicrob 
Agents Chemother. 2013;57(10):5151-5154. 
doi:10.1128/AAC.00778-13

31. Hoppentocht M, Hagedoorn P, Frijlink HW, 
De Boer AH. Developments and strategies 
for inhaled antibiotic drugs in tuberculosis 
therapy: A critical evaluation. Eur J Pharm 
Biopharm. 2014;86(1):23-30. doi:10.1016/j.
ejpb.2013.10.019

32. Ahmad N, Ahuja SD, Akkerman OW, et 
al. Treatment correlates of successful 
outcomes in pulmonary multidrug-resistant 
tuberculosis: an individual patient data 
meta-analysis. Lancet. 2018;392(10150):821-
834. doi:10.1016/S0140-6736(18)31644-1

33. World Health Organization. Rapid 
Communication: Key Changes to Treatment 

of Multidrug- and Rifampicin-Resistant 
Tuberculosis (MDR/RR-TB). World Health 
Organization; 2018. https://www.who.int/tb/
publications/2018/rapid_communications_
MDR/en/. Accessed February 27, 2019.

34. Sirgel F, Venter A, Mitchison D. Sources of 
variation in studies of the early bactericidal 
activity of antituberculosis drugs. J 
Antimicrob Chemother. 2001;47(2):177-182.


	Chapter 7

