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ABSTRACT

Background and Objectives: Tuberculosis is one of the major health problems in Bangladesh as well as other regions
of the world. The aim of this clinical trial was to investigate combined effects of vitamin C and anti-tuberculosis drugs in
tuberculosis patients.

Materials and Methods: A total of 32 tuberculosis patients were enrolled in the study through random sampling and
separated into intervention (vitamin C and anti-tuberculosis drugs) and control (only anti-tuberculosis drugs) groups,
where the intervention group was treated with 1000 mg of vitamin C daily in addition to anti-tuberculosis drugs and the
control group was treated with only anti-tuberculosis drugs for 28 days. In the second stage, the microbial count of
tuberculosis patients was assessed using sputum smear test for control and intervention groups after a 7-d time interval.

Results: Smear test of the patient first week showed that the microbial loads comparatively decreased compared to the
test of the second week using combined treatment of vitamin C and anti-tuberculosis drugs for the intervention group
(p=0.034). In contrast, the control group included p=0.000, p=0.341 and p=0.346 for the second, third and fourth-week

tests with no significance.

Conclusions: Combined effects of vitamin C and anti-tuberculosis drugs in TB patients.
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Introduction

Nowadays, tuberculosis (TB) is one of the major health
issues and top ten causes of the worldwide death in 2015
(1). Nearly one-third of the global population is infected
with Mycobacterium tuberculosis (2). Every year, more
than 9 million individuals contract active TB with over 2
million deaths (3). More than 90% of the global TB cases
and deaths occur in developing countries, where 75% of the
cases are in the most economically productive age group of
15-54 years old (4). According to world health organization
(WHO Global TB report 2016), incidence and prevalence
of all forms of TB in 2015 were 225 and 382 per 100,000
population, respectively (5). Basics of TB care includes
active drugs, case management and direct monitoring

therapy (6). Combination of drugs was suggested more
than 40 years ago, allowing for a successful treatment of
the vast majority of patients; however, this protocol
includes major drawbacks; such as necessity for prolonged
treatments, side effects, drug interactions and inadequate
efficacies against latent MTB germs (7).

Vitamin C simulates a variety of intracellular stresses
and includes a wide range of regulatory effects on MTB
gene expression and physiology, resulting in growth
inhibition (8). High concentrations of vitamin C sterilize
cultures of drug-susceptible and drug-resistant of M.
tuberculosis and combinations of vitamin C with first-line
TB drugs of isoniazid and rifampin decreased bacterial
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burden in the lungs of M. tuberculosis-infected patients (9).
Another study detected correlations between the high
vitamin C contents of medicinal plant extracts and their
activities against M. tuberculosis (10). In Bangladesh, TB
is one of the most serious health concerns, with new cases
being discovered every day. Anti-TB treatments are usually
used to cure the infection within long treatment courses.
Vitamin C seems to include effects on M. tuberculosis. As
a result, it is noteworthy to investigate if combinations of
vitamin C with medications are more successful in
treatment of TB. Various combinations of medications and
medicinal plants have been used in treatment of TB
patients worldwide. Clinical trials on the combined effects
of vitamin C and anti-TB medications are, limited,
particularly in Bangladesh. Therefore, the goal of this study
was to investigate effects of vitamin C in combination with
anti-TB medicines on M. tuberculosis, how rapidly patients
recovered and early healing in TB patients.

Materials and Methods

Study design and participants

Information were collected from TB patients, who were
diagnosed with TB recently. An experimental comparative
study was carried out on TB patients to investigate effects
of vitamin C with anti-TB drugs in TB patients. In general,
Personal information, disease occurrences and, socio-
demographic information were collected. This clinical trial
was carried out in TB patients from Santosh Bokkhobyadhi
Clinic, Tangail-1902, Bangladesh. Patients with TB from
various regions of Tangail have been enrolled in this trial
study. In this study, M. tuberculosis strains were isolated
from routine TB patients. Permissions were received by the
physicians and patients were classified into the following
categories as inclusion criteria: new suspected pulmonary
TB, suspected treatment failure, suspected recurrence and
treatment default. Individuals, who did not have TB, were
excluded from the study. Patients’ clinical data were
routinely collected and documented in research forms. The
present randomized control trial (RCT) study was approved
by the Board of Ethical Review Committee with the ethical
approval number of MBSTU/FTNS/42/842/2019. Consort
flowchart of the study is as follows.

[ Assessed for eligibility (1=46) ]

Randomized (n=46)

Excluded (n=14)
Not meeting inchasion criteria (n=9)
Refuzed to participate (1=3)

[ Treatment Assignment (n=32)

Allocated to control Allocated to intervention
group (n=16) ocation group (n=16)

[ Completed the task (a=16) | [ Followwp | { Completed the task (a=16) |

}

[ Analyzed (n=16) ] [ Analysis ] [

Analyzed (n=16) ]

Flowchart 1. Patient selection and follow-up chart (consort
flowchart of the study)
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Sample size calculation

In the current study, sample size was calculated using
Raosoft sample size calculator (11) with a recommended
sample size of 46 individuals based on 5% margin of error,
95% confidence level and 3.6% response distribution or TB
prevalence rate in Bangladesh (12). Despite the fact that 46
participants were selected for the trial, 14 patients were
disqualified after screening based on the exclusion criteria.
Hence, 32 patients were assigned to the treatment group
and completed study follow-up and analysis. Overall, TB
patients, who attended Santosh Bokkhobyadhi Clinic in
Tangail-1902, Bangladesh, within 3-m data collecting
period were included in this study.

Data collection tools

A semi-structured questionnaire was developed to
collect relevant information of the participants. After pre
testing, a modified validated questionnaire was used to
collect socio-demographic and anthropometric data through
face-to-face interviews with the participants passively and
cautiously, not affecting the participants. Collected
questionnaires were checked every day after interviewing
and rechecked carefully after completion of data collection.
Data were edited if discrepancies occurred. Furthermore,
microbial-sputum test results were collected for analysis.

Assessment of anthropometric measurement

Participants with minimal cloths and bare feet were
weighed three times using bathroom weighing scale and the
average weight was calculated and recorded to the nearest
0.5 kg. Standing height was measured using stature
meter for height measurement scales with no shoes and the
average height was calculated and recorded to the nearest
0.5 cm. Body mass index (BMI) was calculated by dividing
the weight in kilograms by the square of height in meters
(13).

Experimental design

In the first stage, information were collected from the
TB patients and 32 participants were subdivided into
intervention group [vitamin C and anti-tuberculosis drugs
(ATD)] and control group (ATD), where the intervention
group was treated orally with 1000 mg of vitamin C
capsules daily on a specific time in addition to ATD and
the control group was treated with ATD alone. In the
second stage, the microbial count of TB patients was
carried out using sputum smear test (14, 15) in control and
intervention groups after a 7-d time interval.

Sputum smear test

The microbial count of TB patients was carried out
using sputum smear test (14, 15). In general, characteristics
of cid-fastness is based on the presence of mycolic acids in
the mycobacterial cell wall. Primary stain (auramine) binds
cell-wall mycolic acids. Intense decolourization (strong
acids and alcohol) does not release primary stain from the
cell wall and the mycobacteria retain the fluorescent bright-
yellow color of auramine. Potassium permanganate is used
to quench fluorescence in the background; however, it
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provides little contrast for focusing and stains are therefore
sometimes preferred; of which, blue ink may be the best.

Materials and equipment

In this study, alcohol sand jars, Bunsen burner/spirit
lamps, diamond/lead pencils, filter papers, forceps, lens
paper/soft tissue paper, plastic bags of waste disposal,
bamboo/wooden sticks or wire loops, fluorescence
microscope with objectives of 20/25 and 40x (ideally
specific for fluorescence microscopy) and eyepieces of
10x, slide staining racks, slide boxes, timers, staining
reagents, staining bottles of, 250 ml with spouts, beakers
for rinsing water, sinks and water supplies and disinfectant
solutions were used.

Reagents and solutions

Auramine staining (0.1%), acid-alcohol decolorizing
(0.5%), counterstaining and potassium permanganate
(0.5%) solutions, as well as blue ink (10%) were used.

Preparation of smears

First, the working area was disinfected and slides were
labelled appropriately using laboratory register serial
numbers marked on the sputum containers and slides.
Second, slides were proceeded close to the flame of a
Bunsen burner or spirit lamp. For direct sputum smears, a
small portion of purulent or mucopurulent materials was
selected using stick/loop and transferred onto the slide.
Third, material was carefully spread over an area of nearly
2-3 x 1-2 cm using repeated circular movements without
touching the edge of the slide. This technique continued
until no thick parts remained. Then, smear was air-dried at
room temperature with no heat use. When humidity was
high, gentle warming was used. After drying, slide was
held using forceps and fixed by passing slowly through the
flame of a spirit lamp or quickly through a flame of a
Bunsen burner for three times. In general, smears were not
overheated.

Staining method

Slides were set upwards on a staining rack over a sink,
nearly 1 cm apart. A fresh filter paper was placed into a
small funnel over the slides and the funnel was filled with
auramine staining solution. Thus, solution was filtered
through the paper covering slides completely for 20 min.
Slides were tilted to drain off extra stain solution. Then,
slides were rinsed well with indirect distilled water or clean
tap water. Acid solution was poured over the smears,
covering them completely for 3 min. Slides were tilted to
drain off extra acid-alcohol solution. Slides were gently
rinsed with distilled water or clean tap water. Then, smears
were flooded with potassium permanganate or blue ink
solution for 1 min. Slides were tilted to drain off extra
counterstain solution and gently rinsed with distilled water
or clean tap water. Then, slides were removed from the
rack and dried.
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Statistical analysis

Descriptive statistics were calculated for the variables
and statistical analysis was carried out using SPSS
Software v.25.0 (IBM, Armonk, New York, USA). Results
were expressed as mean =SD (standard deviation).
Moreover, ANOVA and T-test were used for statistical
analysis. In general, p<0.05 was considered statistically
significant.

Results

Socio-demographic characteristics and BMI statuses of
the participants

A majority of the participants were men (56.3%) rather
than women (43.8%). More than 6% of TB patients were
under the age of 20 years old with 21.9% aged 20-40 years
old, 40.6% aged 40-60 years old and 31.3% aged 60-80
years old as the most common age groups. Statistics
revealed that 43.80% of the patients were smokers, whereas
more than 56% were non-smokers. Nearly 59.38% of TB
patients were underweight, 31.25% had a normal BMI and
9.37% were overweight.

Table 1. Frequency distribution of the age categories and
smoking statuses of the participants

Frequency Percentage (%)
Gender Category
Female 14 43.8
Male 18 56.3
Total 32 100.0
Age category (year)
<20 2 6.30
20-40 7 21.90
40-60 13 40.60
60-80 10 31.30
Total 32 100
Smoking status
Smoker 14 43.80
Non-smoker 18 56.30
Total 32 100
BMI category
<18.50 19 59.38
18.50-24.99 10 31.25
>25.00 3 9.37
Total 32 100

Effects of vitamin C in intervention (vitamin C and
anti-tuberculosis drugs) and control (anti-tuberculosis
drugs) groups of TB patients

Participants were detected with more TB bacteria in
ATD-only treatment group than vitamin C and ATD group
(Table 2). Week 2 of drug therapy included significant
associations with the dependent variable (p = 0.018),
whereas Weeks 3 and 4 included no significant associations
(p = 0.341 and p = 0.226). Patients with TB, who received
a combination of vitamin C and ATD medication showed
decreases in TB germs from Week 1 to Week 4. The
dependent variable included significant correlations with
Weeks 2 and 3 treatments (p = 0.009 and p = 0.034,
respectively), whereas Week 4 treatment was not
significant (p = 0.533).
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Table 2. Microbial count for the intervention (vitamin C and anti-tuberculosis drugs) and control (anti-tuberculosis drugs

only) groups

Statement (Respondent’s sputum test results) Weeks N Minimum  Maximum Mean £ SD
Control groups 1st 16 20 350 147.31+115.2
Intervention groups 6 310 155.31+110.9
Control groups 2nd 14 310 126.5+110.2
Intervention groups 0 250 116.12+99.2
Control groups 3rd 7 290 111.5+106.9
Intervention groups 0 180 69.94+70.8
Control groups 4th 1 240 94.38+88.6
Intervention groups 0 110 26.06£39.1

Table 3. Regression coefficients for the intervention (vitamin C and anti-tuberculosis drugs) and control (anti-tuberculosis

drugs only) groups

Model (respondent’s Weeks Unstandardized coefficients Standardized coefficients t P value
Sputum test results) Beta Std. Error Beta

Constant Constant 12.688 4.652 2.727 0.018
Constant 17.127 5.499 3.114 0.009
Control groups 2nd weeks 1.052 0.200 1.007 5.273 0.000
Intervention groups 1.768 0.231 1.579 7.657 0.000
Control groups 3rd weeks 0.289 0.291 0.268 0.991 0.341
Intervention groups -1.023 0.427 -0.653 -2.398 0.034
Control groups 4th weeks -.325 0.255 -0.278 -1.276 0.226
Intervention groups 0.172 0.268 0.061 0.642 0.533

Discussion

The present study was carried out on TB patients (n =
32) in a selected hospital to investigate effects of vitamin C
and anti-TB drugs (vitamin C and ATD) in TB patients.
Vitamin C has been treated as a functional food, which
have clinically verified and documented with health
benefits for the prevention, management and treatment of
chronic diseases (16). Studies have shown that
supplementation with vitamin C can prevent and treat
respiratory infections (17) and increase immune responses
(18). Vitamin C possibly prevents neutrophil oxidation that
plays critical roles against a variety of microbial pathogens
and needs dietary vitamin C intakes, optimizing cell and
tissue levels (17, 19). Vitamin C and N-acetylcysteine
(NAC) include significant effects on the antibacterial
activity of ATD against M. tuberculosis (20). The current
study investigated that when vitamin C was used in
combination with anti-TB medications, microbiological
counts of the patients decreased more quickly. However,
microbial counts of the patients, who used ATD only
decreased more slowly. Various studies have been shown
various results for TB patients. These studies used vitamin
C with drugs, medicinal plants or other combinations to
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treat TB patients. Based on the certain studies, ethanolic
extracts of P. granatum and P. harmala demonstrated anti-
TB effects equivalent to that isoniazid and rifampin did as
promising candidates for innovative and safe natural TB
treatments (21). Data showed that the minimum inhibitory
concentration (MIC) of vitamin C for the prevention of M.
tuberculosis development was 1 mM (22), while other
studies declared that high vitamin C concentrations were
needed to show their positive effects (23). Another study
demonstrated that when ascorbic acid-containing media
were used at greater doses (10 and 100 mM), no
microorganism growths were reported in TB patients (24),
supporting the present study. The present study revealed
that vitamin C with ATD significantly (p < 0.05) decreased
microbial counts of M. tuberculosis up to Week 3 of
treatment. Whereas, patients treated with drugs only
demonstrated non-significant results, indicating positive
effects of this combined treatment. However, other studies
verified that good antioxidant therapies might be beneficial
and nutritional antioxidant supplements might be unique
strategies to assist TB patients recuperate faster (25).
However, induction of Fenton reaction has been suggested
by Vilcheze and his colleagues as an explanation for
vitamin C favorable supplementary effects against M.
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tuberculosis (22). Such prooxidant activity has been seen in
mycobacteria under various circumstances (26, 27). The
present study revealed that vitamin C with ATD
significantly (p < 0.05) decreased microbial counts of M.
tuberculosis up to Week 3 of treatment. Whereas, treatment
of patients with drugs only showed non-significant results,
indicating positive effects of this combined treatment.
These finding were partially supported by findings from a
previous study; where, vitamin C supplementation
improved TB patient healing processes as evidenced by a
greater sputum conversion rate after eight weeks (p = 0.02)
(28). Comparing between the intervention and control
groups, it can clearly be identified that the microbial counts
in TB gradually decreased with the intake of vitamin C and
anti-TB drugs. However, further studies are necessary to
describe functions of vitamin C in clinical care of TB,
particularly in ideal dosages for therapeutic benefits with
no toxicities.

Conclusions

The study model was significant for the intervention
group, who were treated with vitamin C and ATD up to
Week 3 of the treatment, compared to the control group. It
is concluded that the combined therapy of drugs and
vitamin C included dramatic effects on TB, playing
important roles in early healing of TB.
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