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ABSTRACT
Background: Oxidative stress may play an important role in the pathogenesis of pulmonary
tuberculosis (PTB). To our knowledge there is paucity of data on the status of oxidative stress
biomarkers among PTB patients in Gombe, North-eastern Nigeria. Our study was designed
to evaluate the oxidative stress biomarkers in pulmonary tuberculosis patients in Gombe,
North-eastern Nigeria. Aims and Objectives: To determine the serum levels of oxidative stress
biomarkers among patients with pulmonary tuberculosis in Gombe metropolis, North-eastern
Nigeria and to assess the correlation between the oxidative stress biomarkers in pulmonary
tuberculosis patients. Materials and Methods: A cross sectional comparative study was
conducted in a tertiary health care facility with 40 pulmonary tuberculosis (PTB) patients on
anti-TB drugs treatment (ATT), 40 newly diagnosed PTB patients not yet on anti-TB drugs
treatment (ATT-naïve) and 40 age- and sex-marched apparently healthy subjects (controls).
Serum total antioxidant status (TAS), total oxidant status (TOS), malondialdehyde (MDA),
nitric oxide (NO) and oxidative stress index (OSI) were determined using standard techniques.
Data was analysed using InStat® (GraphPad Software Inc., La Jolla, CA, USA). Results: Serum
levels of TOS, OSI, MDA and NO were significantly (p < 0.001) increased in PTB patients
(ATT and ATT-naïve) when compared with healthy individuals. Serum TAS and body mass
index (BMI) were significantly (p < 0.001) decreased in PTB patients when compared with
healthy individuals. Serum TOS significantly correlated with serum OSI, MDA and NO in
ATT-naïve PTB patients. Conclusion: This study observed an increased oxidative stress
biomarkers and decreased total antioxidant status in newly diagnosed pulmonary tuberculosis
patients and those on treatment. Our findings suggest that antioxidants supplementation
and improved nutrition in the management of pulmonary tuberculosis patients may go a
long way in preventing the oxidative onslaught and further complications in PTB patients.
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INTRODUCTION
Pulmonary tuberculosis (PTB) resulting from infection by
Mycobacterium tuberculosis remains to be the leading cause of
morbidity and mortality worldwide. It causes significant
health challenges to developing economies as it affects

people during their most productive years. It is a second
major cause of morbidity and mortality in the developing
countries after human immunodeficiency virus (HIV) with
the latest estimated cases of 9 million in 2011 and 1.4
million tuberculosis deaths (990,000 among HIV-negative
people and 430,000 HIV-associated TB deaths).1
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Oxidative stress (OS) due to an imbalance between
reactive oxygen species (ROS) and antioxidant defence
mechanism in favour of the former has been implicated in
the pathogenesis of many diseases including PTB.2-4 This
ratio can be altered by increased generation of reactive
oxygen species (ROS) and/or reactive nitrogen species
(RNS), or a decrease in antioxidant defense mechanisms.5
Oxidative stress induces alterations in the cell membranes
and other structures such as proteins, lipids, lipoproteins
and deoxyribonucleic acid.6
Infection by Mycobacterium tuberculosis has been proved
to induce oxidative stress by promoting increase ROS
generation by both mononuclear and polymorphonuclear
phagocytes. The M. tuberculosis is therefore capable of
initiating and facilitating oxidative damage to biomolecules
and cellular structures such as DNA, proteins and lipids.7
Weaken antioxidant status have earlier been reported in
PTB patients which might render the host to the oxidative
tissue damage. PTB is also associated with derangement
in oxidant-antioxidant balance which is essential for the
normal lung function. An increase in oxidants with decrease
in antioxidant defense might lead to development of lung
dysfunction causing tissue injury.8
To the best our knowledge, there is paucity of data on the
status of oxidative stress biomarkers among PTB patients in
Gombe, North-eastern Nigeria. The objective of this study
is to assess the oxidative stress biomarkers in pulmonary
tuberculosis patients in Gombe, North-eastern Nigeria.

MATERIALS AND METHODS
The study was across sectional comparative study that
included 40 newly diagnosed pulmonary tuberculosis (PTB)
patients not yet on anti-TB drugs treatment (ATT-naïve)
and 40 PTB patients on anti-TB drugs treatment (ATT)
attending Tuberculosis and Leprosy (TBL) Treatment
Centre of State Specialist Hospital, Gombe North-eastern
Nigeria, and 40 age- and sex-marched apparently healthy
controls. The study protocol was approved by the Ethics
and Research Committee of Gombe State Ministry of
Health. All the study subjects were counselled and were
informed about the study and informed consent was
obtained from each subject prior to the commencement
of the study. The study was conducted from June, 2018
to November, 2018.

60 years and were newly diagnosed and yet to commence
TB treatment (ATT-naïve) and those on ATT as well as
apparently healthy adults were included in the study. The
PTB patients with previous history of HIV-infection,
diabetes mellitus, hepatitis B and C positive, pregnant
women, above 60 or below 18 years of age, and those
patients with any history of chronic disease were excluded.
The heights of the subjects were measured using a
calibrated Stadiometer, model 220 (manufactured by Seca
Gmbh and Co., Germany). The subjects were weighed
with minimum clothing to the nearest 0.1kg using a
regularly calibrated health weighing scale; model ZT 120
(manufactured by Seca Gmbh and Co., Germany). Body
mass index (BMI) was calculated using the expression: BMI
(kg/m2) = Body weight (kg)/Height (m2).
From each subject, about 5 ml of venous blood sample
was collected into plain Vacutainer blood sample bottle
(Becton Dickson) and allowed to clot and later centrifuged
at 5000 rpm for 10 minutes and the clear unhaemolyzed
sera harvested into two aliquots in sterile cryovials (Delta
Lab, Barcelona, Spain). Serum total antioxidant status
(TAS) and total oxidant status (TOS) were measured by the
method of Benzie and Strain.9 oxidative stress index (OSI)
was calculated as: OSI (arbitrary unit) = [(TOS (µmol/l)/
(TAS (µmol/l)] multiplied by 100, malondialdehyde (MDA)
by Shah and Walker method10 and nitric oxide (NO) was
measured according to Norwad method.11
Statistical analysis

Data generated was analysed using InStat® (GraphPad
Software Inc., La Jolla, CA, USA). Result was expressed
as mean ± SEM. Paired comparison was made using
independent sample t-test, one way analysis of variance
(ANOVA) was used to compare three or more mean
values followed by Bonferroni’s multiple comparison
test. Correlation between biomarkers of oxidative stress
was carried out using Pearson’s linear correlation analysis.
P value of less than or equal to 0.05 (p ≤ 0.05) was regarded
as statistically significant.

RESULTS

With the aid of a structured interviewer administered
questionnaire, socio-demographic characteristics including
age, gender, marital status, tribe, occupation and educational
levels of the study subjects were obtained. Confirmed PTB
patients who were non-smokers between the age of 18 to

In the present study, the socio-demographic characteristics
of the study subjects (Table 1) indicated that most of the
subjects including the controls (15; 37.5%), PTB ATTnaïve (15; 15%) and PTB on ATT (17; 42.5%) belong to
age range of 29-39 years. Gender distribution among the
study subjects were 26 (65%), 22 (55%) and 32 (80%) for
males among the controls, PTB ATT-naïve and PTB on
ATT respectively while females were 14 (35%), 18 (45%)
and 8 (20%) among the controls, PTB ATT-naïve and PTB
on ATT respectively.
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Table 1: Socio‑demographic characteristics of
the study subjects
Characteristics
N

Control
40 (%)

Age range
18‑28
8 (20)
29‑39
15 (37.5)
40‑50
8 (20)
51‑61
9 (22.5)
Gender
Male
26 (65)
Female
14 (35)
Tribe
Hausa
16 (40)
Fulani
9 (22.5)
Yoruba
2 (5)
Igbo
2 (5)
Others
11 (27.5)
Marital status
Single
8 (20)
Married
20 (50)
Divorced
7 (17.5)
Widowed
5 (12.5)
Educational background
Primary
2 (5)
Secondary
14 (35)
Tertiary
18 (45)
Arabic only
6 (15)
Non formal
0 (0)
Occupation
Civil Servant
24 (60)
House Wife
5 (12.5)
Business
3 (7.5)
Handwork
5 (12.5)
Others
3 (7.5)
Type of family
Monogamous
26 (65)
Polygamous
14 (35)
Treatment status
Yes
0 (0)
No
40 (100)
Treatment duration
1‑2 months
0 (0)
3‑4 months
0 (0)
5‑6 months
0 (0)
> 6 months
0 (0)
Not on drugs
40 (100)

PTB
ATT‑naïve
40 (%)

PTB on
ATT
40 (%)

14 (35)
10 (25)
7 (17.5)
9 (22.5)

7 (17.5)
17 (42.5)
10 (25)
6 (15)

22 (55)
18 (45)

32 (80)
8 (20)

10 (25)
17 (42.5)
1 (2.5)
1 (2.5)
11 (27.5)

13 (32.5)
14 (35)
0 (0)
0 (0)
13 (32.5)

10 (25)
17 (42.5)
3 (7.5)
10 (25)

10 (25)
25 (62.5)
3 (7.5)
2 (5)

8 (20)
9 (22.5)
6 (15)
14 (35)
3 (7.5)

6 (15)
17 (42.5)
4 (10)
13 (32.5)
0 (0)

4 (10)
9 (22.5)
4 (10)
3 (7.5)
20 (50)

5 (12.5)
4 (10)
14 (35)
5 (12.5)
12 (30)

17 (42.5)
23 (57.5)

25 (62.5)
15 (37.5)

0 (0)
40 (100)

40 (100)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)
40 (100)

10 (25)
12 (30)
15 (37.5)
3 (7.5)
0 (0)

Data expressed as number of subjects with percentages in parenthesis; PTB
ATT‑naïve=pulmonary tuberculosis and anti‑tuberculous therapy‑naïve; PTB on
ATT=pulmonary tuberculosis on anti‑tuberculous therapy drugs.

Fulani tribe had the highest number of individuals
infected with M. tuberculosis with 17 (42.5%) and 14 (35%)
for PTB patients ATT-naïve and PTB patients on ATT
respectively), followed by Hausa with 10 (25%) and
13 (32.5%) respectively among the M. tuberculosis infected
groups. Regarding the other tribes, PTB ATT-naïve and
PTB on ATT had 11 (27.5%) and 13 (32.5%) respectively.
The least number of individuals were among the Yoruba
and Igbo with 1 (2.5%) and 0 (0%) among PTB ATTnaïve and PTB on ATT respectively. Level of education
of the study participants showed that; those with Arabic
Asian Journal of Medical Sciences | Nov-Dec 2019 | Vol 10 | Issue 6

Table 2: Comparison of body mass index (BMI)
of patients with pulmonary tuberculosis and
controls
Group
Controls
PTB ATT‑naïve
PTB on ATT

BMI (kg/m2)
23.48±1.71
14.95±3.51b
16.80±2.17a,b

Data expressed as mean±SEM; n=number of subjects; PTB ATT‑naïve=pulmonary
tuberculosis and anti‑tuberculous therapy‑naïve; PTB on ATT=pulmonary
tuberculosis on anti‑tuberculous therapy drugs; values differ significantly at ap<0.01;
b
p<0.001 by Bonferroni’s multiple comparison test.

education had the highest number of cases with 14 (35%)
and 13 (32.5%) among PTB ATT-naïve and PTB on ATT
respectively. Patients with secondary school education were
9 (22.5%) and 17 (42.5%) among PTB ATT-naïve and
those on ATT respectively. Participants with tertiary and
non-formal education were 6 (15%) and 4 (10%) among
PTB ATT-naïve and those on ATT respectively.
The mean body mass index (BMI) in PTB ATT-naïve and
PTB on ATT decreased significantly (P < 0.01; p < 0.001
respectively) compared to controls (Table 2). Mean serum
TAS in PTB ATT-naïve and PTB on ATT decreased
significantly (P < 0.01; p < 0.001 respectively) compared
to controls while serum TOS and OSI levels increased
significantly (P < 0.001) compared to similar values in
controls. In comparison between the two groups of PTB
patients, serum TOS levels in PTB ATT-naïve increased
significantly (P < 0.01) compared to PTB patients on ATT
(Table 3).
The serum nitric oxide (NO) and malondialdehyde (MDA)
of patients with pulmonary tuberculosis and controls
(Table 4) indicated significantly (P < 0.001) increased
serum MDA and NO in both PTB ATT-naïve and PTB
patients on ATT compared to controls. The serum
MDA levels were significantly (p < 0.001) increased in
PTB ATT-naïve as compared with PTB patients on ATT
(Table 4).
With the exception of serum TAS which did not correlate
with OSI (r = - 0.138, P = 0.396), serum MDA and NO
levels were positively correlated with OSI (r = 0.367,
P = 0.020; r = 0.642, p = 0.000 respectively) in PTB ATTnaïve patients (Table 5).
On the other hand, serum TOS levels were positively
correlated with serum OSI (r = 0.991, P = 0.000; Figure 1A)
and showed the same relationship with oxidative stress
measured by MDA levels (r = 0.385, P = 0.014; Figure 1B)
and serum NO levels (r = 0.644, P = 0.000; Figure 1C) in
anti-tuberculosis therapy naïve PTB patients.
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Table 3: Serum levels of total antioxidant status (TAS), total oxidant status (TOS) and oxidative stress
index (OSI) of patients with pulmonary tuberculosis and controls
Group

N

TAS (µmol/l)

TOS (µmol/l)

OSI

Controls
PTB ATT‑naïve
PTB on ATT

40
40
40

1224.00±14.65
783.42±9.17a
768.00±11.98b

4.32±0.48
15.78±1.46b
13.80±2.56a,b

0.35±0.04
2.02±0.19b
1.85±0.33b

Data expressed as mean±SEM; n=number of subjects; PTB ATT‑naïve=pulmonary tuberculosis and anti‑tuberculous therapy‑naïve; PTB on ATT=pulmonary tuberculosis on
anti‑tuberculous therapy drugs; values differ significantly at ap<0.01; bp<0.001 by Bonferroni’s multiple comparison test.

Table 4: Serum levels of nitric oxide (NO)
and malondialdehyde (MDA) of patients with
pulmonary tuberculosis and controls
Group

N

MDA (nmol/ml)

NO (µmol/l)

Controls
PTB ATT‑naïve
PTB on ATT

40
40
40

1.72±0.11
4.11±0.22b
2.56±0.15a,b

2.53±0.30
3.75±2.78b
2.93±0.24b

Data expressed as mean±SEM; n=number of subjects; PTB ATT‑naïve=pulmonary
tuberculosis and anti‑tuberculous therapy‑naïve; PTB on ATT=pulmonary
tuberculosis on anti‑tuberculous therapy drugs; values differ significantly at ap<0.01;
b
p<0.001 by Bonferroni’s multiple comparison test.

Table 5: Pearson’s analysis of the correlation
of oxidative stress index (OSI) with serum
malondialdehyde (MDA), nitric oxide (NO) and
total antioxidant status (TAS) in anti‑tuberculous
therapy‑naïve PTB patients
OSI
MDA
NO
TAS

r

p

0.367
0.642
‑ 0.138

0.020
0.000
0.396

Values are correlation coefficient (r) and P value; PTB=pulmonary tuberculosis.

DISCUSSION
Tuberculosis remains one of the top killers among infectious
diseases. It is the most feared disease in the world and it is
transmitted from person to person through aerosol from
an infected air.12 Oxidative stress (OS) due to an imbalance
between reactive oxygen species (ROS) and antioxidant
defence mechanism in favour of the former has been
implicated in the development and prognosis of PTB.13-14
The present study showed that tuberculosis is common
in the study subjects between the ages of 18 – 28 and
29 – 39 years. Our result agreed with the report of WHO1
that tuberculosis primarily affects people during their most
productive years. Similarly, higher number of tuberculosis
cases were observed among males with 22 (55%) and
32 (80%) in PTB ATT-naïve and PTB patients on ATT
treatment respectively. This result was also in tandem with
the previous report.15 Among the participants, the higher
number of PTB cases observed among the Fulani, followed
by the Hausa tribes could be attributed to the ethnicity
60

of the inhabitants of the study environment which are
predominantly Fulani and Hausa.
Low level of Western education is also another factor
promoting the spread of M. tuberculosis infection among
the study population. The highest number of PTB cases
were observed among subjects with Arabic education
with 14 (35%) and 13 (32.5%) among PTB ATT-naïve
and PTB on ATT respectively. The lowest PTB cases were
demonstrated among those that attended tertiary and nonformal education with 6 (15%) and 4 (10%) among PTB
ATT-naïve and those on ATT respectively. These findings
could be attributed to the nature of their congested rooms
with no crossed ventilation which can easily transmit the
M. tuberculosis infection by mere inhalation of the aerosols
from an infected person. Conversely, marital status,
occupation, type of family were not associated with active
TB infection in the present study.
As expected the higher number of PTB patients with severe
malnutrition as measured by BMI in the present study were
in agreement with the studies conducted in Zimbabwe.16
and Ethiopia. 15 The observed malnutrition among
PTB patients at the time of participation suggest that
malnutrition could play a pivotal role in the pathogenesis
of active tuberculosis.
The present study also showed that oxidative stress
resulting from overproduction of reactive oxygen species
(ROS) and reactive nitrogen species (RNS) have been
detected in PTB patients. The increased serum TOS
and OSI accompanied by the reduction in serum TAS
levels in PTB patients is coherent with the increased
oxidative stress found in this study. This is supported by
the fact that an ongoing oxidative stress triggered by the
enhanced generation of reactive oxygen species by activated
phagocytes overwhelmed the antioxidant capacity of the
PTB patients.17-20
The response of the macrophages disrupts the balance
between oxidant and antioxidant system in favour of
the oxidants thereby causing oxidative damage and this
may also promote tissue injury and inflammation, and
further contribute to immune suppression with impaired
antioxidant capacity in PTB patients.21 Cell membranes
Asian Journal of Medical Sciences | Nov-Dec 2019 | Vol 10 | Issue 6
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a

b

c
Figure 1: Dispersion graphs between serum total oxidant status (TOS) levels and a, oxidative stress index (OSI), b, malondialdehyde (MDA)
and c, nitric oxide (NO) levels in anti-tuberculosis therapy naïve PTB patients.

are also attacked by free radicals resulting to tissue damage
and wasting disease in PTB patients.22 Hence, our findings
further contributes to the pathogenesis of active TB
disease.
On the other hand, MDA levels were significantly increased
in patients with PTB. These results agreed with previous
literature indicating that PTB patients present with
enhanced lipid peroxidation.17, 23-24 A 2.5 fold increment of
MDA levels in PTB patients had earlier been reported.25
Nitric oxide (NO) is an important molecule that serves as a
marker of oxidative stress and as a pro-oxidant molecule. In
the present study, PTB subjects presented with significant
elevation in NO levels. Our result corroborated with the
report of previous studies.26-27
In this study, serum TOS levels were positively correlated
with OSI, MDA and NO in ATT-naïve PTB patients.
However, our results did not show a significant correlation
between serum TAS and OSI in controls, ATT-naïve PTB
and PTB patients on anti-tuberculosis therapy drugs.
Significant correlations between serum TOS levels and
each of serum MDA, NO and OSI suggests that an
ongoing oxidative stress together with persistent immune
activation due to Mycobacterial tuberculosis infectious load may
be responsible in PTB patients.28

CONCLUSION
The result indicates an increased oxidative stress biomarkers
accompanied by a decreased in total antioxidant status in
pulmonary tuberculosis patients. The excessive generation of
reactive oxygen and nitrogen species, and lipid peroxidation
could be responsible. Antioxidant supplementation and
improved nutrition in the management of pulmonary
Asian Journal of Medical Sciences | Nov-Dec 2019 | Vol 10 | Issue 6

tuberculosis patients may go a long way in preventing the
oxidative onslaught and further complications.
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