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Abstract
Deficiency of vitamin D (25-hydroxycholecalciferol) has long been concerned in activation of
tuberculosis (TB). Pakistan stands fifth among 22 countries that have the highest TB incidence.
Vitamin D inﬂuences the immune response to tuberculosis and vitamin D deﬁciency has been
associated with increased risk of tuberculosis in diﬀerent populations. This study was designed to
show the relationship between vitamin D level (deficiency) and risk of tuberculosis. Eighty five
blood samples of tuberculosis patients were taken from District Head Quarter (DHQ) Hospital,
Sargodha. ORGENTEC ELISA Kit was used for vitamin D quantification. Mean vitamin D level
were 13.9± 1.68 ng/mL in control and 9.3 ±1.38 ng/mL in TB patients. Out of 85 patients 82
patients showed vitamin D level less than 12 ng/mL. Vitamin D deficiency was seen in almost
96% of patients as compared to control. Female patients (9.05±1.55 ng/mL) also have significantly
lower vitamin D level as compare to male patients (9.79±1.34 ng/mL). These findings warrant
further studies that the vitamin D supplementation may have the role in the treatment and
prevention of tuberculosis.
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impact of tuberculosis on world’s health [2].
Introduction
Tuberculosis (TB) is a transmittable bacterial
Risk due to tuberculosis to global health can
infectious disease that is top ranked among
be easily understood by the fact that one third
world’s deadliest contagious diseases [1].
of world’s population is infected with
Numbers of cases of tuberculosis are
causative agent of TB, mycobacterium
increasing in all developed, underdeveloped
tuberculosis (MTB) [3]. It infects human and
and developing countries that shows the
non-human mammals [4]. M. tuberculosis,

Published by Bolan Society for Pure and Applied Biology

236

Saleem et al.

M. bovis, M. affricanum, M. cannitii and M.
microti and some closely related organisms
make up the M. tuberculosis complex (MTB
complex). The Mycobacterium tuberculosis
mostly affects the lungs but can also affect
any part of the body such as kidney, spine and
brain [5]. In the past it was considered the
leading cause of death in United States from
infection [6]. Approximately 95% cases of
tuberculosis occur in developing countries
with highest rates seen in South East Asia,
Sub-Saharan Africa and China [7]. Pakistan
stands fifth among 22 countries that have the
highest TB incidence [8]. In Pakistan
estimated new cases were 510,000 emerging
each year, and approximately 15,000
developing drug resistant TB cases every
year [9]. World Health Organization
estimated that 9.6 million people become
infected with tuberculosis and 1.5 million
people died from tuberculosis in 2014 and
approximately 1 million children become ill
with TB and 140000 died from TB disease
[10]. China and India together accounted for
more than one-third of all new TB cases in
2008 [11]. In 2015, 10.4 million people fall
victim to TB and 1.8 million died from TB
disease [12]. Over 95% of deaths due to TB
occur in below and middle-income countries
[2].
Active form of vitamin D had a complex
action on immune system, by modulating and
inhibiting the MTB growth. Low level of
vitamin D [< 20 ng/mL] is commonly found
all over the world, especially in economically
developing countries [13]. Different findings
showed that macrophages were most
effectual in producing cathelicidin an
antimicrobial peptide LL-73 after infection
with
tuberculosis,
suggesting
that
cathelicidin from macrophages was major
component in the innate immune response
during infection [14]. In 2006, Liu suggested
that transcription of cathelicidin peptide was
mediated by the activation 25(OH) D. Toll
like receptor (TLR) activation by microbial

product result in increased the conversion of
inactive 25- hydroxyvitamin D to its active
form 1, 25-hydroxyvitamin D. Activation of
TLR may increase the production of
cathelicidin and defensin-2, these two
peptides are strongly upregulated by the 1, 25
hydroxyvitamin D [15]. Vitamin D
inﬂuences the immune response to
tuberculosis and vitamin D deﬁciency has
been associated with increased risk of
tuberculosis in diﬀerent populations. It is
clear from above discussion that there is a
strong relationship between level of vitamin
D and immune response thus affecting
progression of tuberculosis, so this study was
designed to show the relationship between
vitamin D level (deficiency) and risk of
tuberculosis.
Materials and methods
The study was carried out by collecting blood
samples of tuberculosis patients from DHQ
Hospital, Sargodha. This work was approved
by ethical review committee, Department of
Biotechnology, University of Sargodha,
Sargodha. Blood samples of eighty five
newly diagnosed patients of tuberculosis
patients between 16 to 70 years of age were
taken randomly along with eighty five
control subjects. The samples were collected
by following the exclusion criteria (Infant
and adult under 16, significant smoker,
clinically obese and patients with kidney or
thyroid disease) and inclusion criteria
(Patients above age 16, negative serology for
HIV, diagnose with TB for the first time and
smear positive for acid fast bacilli) of TB
patients. Vitamin D level less than 12ng/mL
was considered as vitamin D deficiency in
TB patients. TB patients asked to fill the
Performa about their age, sex, occupation,
job description, smoking, dietary habits and
excluded from the study those who has bone
disease, kidney problems, HIV infected
people.
TB patient’s blood was centrifuge to
separate the serum within one hour after
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collection. The patients were diagnosed by
the identification of acid fast bacilli in
sputum
samples.
The
vitamin
D
quantification was done by using ELISA
technique [16]. ORGENTEC ELISA Kit was
used for vitamin D quantification. Statistical
interpretation of data was performed using
statistical package for social sciences (SPSS).
Results were expressed as mean, standard
deviation and percentage for the categorical
data. The Independent Samples t Test was
used to compare the means of controls and

cases. P value less than 0.05 was taken as
significant.
Results
The vitamin D level was insufficient in TB
patients as well as in control group (<
20ng/mL). Mean vitamin D level in TB
patients were lowered as compare to control
group (Figure 1). Means vitamin D level in
the TB patients and control were 13.9± 1.68
ng/mL and 9.3 ±1.38 ng/mL respectively and
p-value is significant (p < 0.05) (Table 1).

Figure 1. Mean vitamin D level in TB patients and control by independent sample t- test
and p value 0.00
Table 1. Different variables in cases and control
Cases n = 85
Variables
16-65 years
Age
45
Males
Females
Mean vitamin D level
S.D
Vitamin D deficiency

40
9.35 ng/mL
1.38
96%

The TB patients were divided into four
different age groups to showed the vitamin D

Control n=85
16-70 years
40
45
13.90 ng/mL
1.68
4%
level in different criteria < 10ng/ml, between
10-12ng/mL, < 12ng/mL (Table 2). Among
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tuberculosis patients 69% had vitamin D
level less than 10ng/ml and 59 patients were
included in this group, 27% had vitamin D
level between 10-12ng/mL and 23 patients
were included in this group. Only 4% showed
the vitamin D level greater than 12ng/mL and

only 3 patients were included in this group.
Deficiency of vitamin D was seen almost in
96% tuberculosis patients. Only 4% showed
the insufficient vitamin D level. The vitamin
D deficiency was also seen greater in women
than men (Figure 2).

Table 2. Percentage of vitamin D level in ng/mL in different age groups.
Vitamin D level in ng/ml
Ages
<10 ng/ml 69%
10-12ng/ml 27% >12ng/ml 4%
14
5
2
16-30 years
34
12
1
31-45 years
9
5
0
46-60 years
2
1
0
60_75 year
Total
59
23
3

Total 100%
21
47
14
3
85

Figure 2. Mean vitamin D (ng/mL) level in men and women TB patients by independent
sample t-test and p value 0.02
important threat for developing active TB
Discussion
Tuberculosis is still the major public health
from latent TB infection. Drug resistance TB
problem worldwide [17]. The incident of
makes difficult to treat TB [21]. In earlier
tuberculosis in Sub-Saharan Africa is 350 per
ages cod liver oil was used for the treatment
100,000 as compared to Europe where the
of tuberculosis being the rich source of
incident is 50 per 100,000 and in Pakistan
vitamin D [22]. Vitamin D is made by the
231 per 100,000 [18]. Approximately 1.7
skin with the help of ultra violet radiation
million people die from TB and the incidence
which is the major source for the production
increase every year due to the increasing
of vitamin D and other nutritional sources are
global population [19]. Tuberculosis is still
yolk, fish, milk and butter. In 2014, 1.2
considered as worldwide health problem in
million people died from tuberculosis [23].
young people. It is highly infectious disease
Vitamin D enhances the antimicrobial
and is generally distributed all over the world
activity and improves the immune response
[20]. HIV infection is considered as an
to tuberculosis and its deficiency is closely
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related to increased progression to active
tuberculosis disease [24]. Several recent
studies in many populations shows the
association of vitamin D deficiency and
increased risk of tuberculosis [25]. Among
African immigrants in Australia lower serum
vitamin D level is seen in tuberculosis
patients as compared to non-tuberculosis
patients [26]. Active form of vitamin D has a
diverse action on immune system, by
regulating and inhibiting the activity in
different ways. Mycobacterium tuberculosis
is sensed by Toll like receptor (TRL2) which
improve the expression of vitamin D
receptors and CYP27B1 in monocytes. The
activation of vitamin D receptors produced
the antimicrobial peptide cathelicidin and
killed intracellular MTB. Cathelicidin shows
direct antimicrobial effects [27]. The possible
association between tuberculosis and vitamin
D was first seen before 20 years ago but
succeeding studies showed the conflicting
finding. But different studies in Gujratian
Indians, African residents in India, London
and few studies in Pakistan showed that the
low vitamin D level caused an increase in
progression of tuberculosis [28]
The results of this study are consistent with
the previous studies which were done on
Pakistan [28], and West African people had
showed that low level of vitamin D and high
prevalence of TB disease [26]. The study in
Egypt showed the plasma level of Vitamin D
lower at the time of diagnosis of pulmonary
TB [29]. The present study found that
vitamin D deficiency (VDD) was more
frequent in tuberculosis patients as compared
to the control. Severe vitamin D deficiency
(<10ng/mL) in tuberculosis patients was seen
but this deficiency was not found in healthy
persons. In this study eighty five (85)
tuberculosis patients were selected. The ages
of the patients were 16 to 65 years. The mean
vitamin D level in cases is 9.3±1.38 ng/mL
and control is 13.9±1.68 ng/mL. The mean
vitamin D level is significantly lowered in

cases as compare to the control. The P value
(p=0.00) is also highly significant (p < 0.05).
In this study it is also found that female
patients with tuberculosis have lower vitamin
D level as compare to men (As shown in
Figure 2). This finding is again consistent
with the previous studies in Pakistan which
show the statistically significance differences
of vitamin D level in women and men [30].
This could be a result of the poor sun
exposure in female tuberculosis patients [31].
Similar to the current study, reports from
Uganda [32] and Malawi [33] show that
Vitamin D deficiency is associated with
progression of tuberculosis in TB patients. In
healthy individual’s insufficient vitamin D
level were also observed. Only three healthy
individuals out of eighty five showed the
vitamin D level less than 12ng/mL. Despite
several limitation in our study such as no
information about body mass index, about
diet, exposure to sunlight, clothing and
relatively small number of participants our
findings are supported by several
experimental results which shows the low
vitamin D low in TB patients as compare to
control.
Conclusion
As compared to control subject, vitamin D
deficiency was significantly seen in
tuberculosis patients. The current study also
warranted further studies that whether the
vitamin D supplementation can have the role
in the treatment and prevention of
tuberculosis in developing countries like
Pakistan.
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