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SUMMARY 
 

Vitamin D, a fat soluble vitamin, is well known for calcium homeostasis. Deficiency 

of vitamin D is not only linked with rickets or osteomalacia but with many other infectious 

and metabolic disorders. Emerging evidences suggest the relation of vitamin D deficiency in 

tuberculosis. The objectives of this study were to investigate the association of vitamin D 

deficiency with tuberculosis and to see its impact on antituberculous response.  

We recruited 260 TB patients from Gulab Devi Chest Hospital, Lahore who had yet 

not started anti TB treatment for this admission. Any patient with co morbidity or age above 

60 years was excluded. Serum 25(OH) D was measured in TB cases, contacts of TB patients 

and controls from general population. Baseline vitamin D status was significantly associated 

with TB (P<0.01). Mean vitamin D level in TB patients was 23 nmol/L which is much lower 

than TB contacts and controls from general population. 

Sputum smear sample for the presence of acid fast bacilli (AFB) was examined after 

every two weeks for all included cases, till sputum converted negative for AFB. Time to 

sputum smear conversion was calculated from the date of initiation of anti TB treatment and 

midpoint between last positive and first negative sputum smear report. Survival analysis 

indicates that patients with deficiency of vitamin D (serum 25(OH) D<25 nmol/L) required 

more time to sputum smear conversion (median days 22.5, IQR 22.5-37.5) in contrast to 

those patients with vitamin D level ≥ 25 nmol/L have median days 7.5 for sputum smear 

conversion. And this association of vitamin D with response to antituberculous treatment was 

genotype independent. 

It was also investigated whether Mycobacterium effect vitamin D metabolic pathway. 

For this we measured vitamin D metabolites 25(OH) D; 24, 25(OH) D; 4b, 25(OH) D and 1, 

25(OH) D in 35 cases and 35 controls. High activity of 4 beta-hydroxylation and 1 alpha-

hydroxylation was observed in these samples suggesting more degradation of 25(OH) D in 

TB patients, assuming Mycobacterium tuberculosis subvert vitamin D metabolic pathway. 

Association of serum 25(OH) D with TB is well reported. However, little is known about the 

role of VDB and bioavailable vitamin D. We measured VDB and serum albumin in these 

samples and bioavailable vitamin D was also calculated. The results of this study revealed a 

significant association of bioavailable vitamin D with tuberculosis. Serum VDB level differ 
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among TB cases and controls and a significant correlation of VDB with bioavailable vitamin 

D suggests that VDB protein modulates level of vitamin D in blood circulation. 

From our samples it was observed that female subjects were more deficient of 

vitamin D. So we conducted another study in which adult healthy subjects from three 

different settings were recruited (religious institutes, university students and working ladies) 

from Lahore. The determinants and clinical correltaes of vitamin D deficiency were 

investigated in these subjects. High prevalence of inadequate vitamin D level was seen in this 

studied group which was significantly associated with less sun exposure (P=0.02), less use of 

multivitamin supplements (P=0.05), winter season (P=0.01) and illiteracy (P=0.04). 

Participants with GG genotype of the rs4588 polymorphism in the gene encoding vitamin D 

binding protein had trend of lower 25(OH) D concentration. However, no statistical 

significant association was obtained between genetic determinants and inadequate vitamin D 

levels. 

High prevalence of vitamin D deficiency in pulmonary TB patients indicates that 

vitamin D is a risk factor for the development of active tuberculosis. Furthermore, its impact 

in response to antituberculous treatment also explains its significant role in the management 

of tuberculosis. As early sputum smear conversion can break the chain of infection and 

further spread of tuberculosis. Therefore, maintaining vitamin D status in TB patients might 

be helpful to control tuberculosis. The level of vitamin D can be maintained in reference limit 

by changing life style and use of multivitamin supplements. 
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INTRODUCTION 
 

Vitamins are the organic compounds which play an important role in the health, but 

these are not produced either in sufficient required amounts in the living organisms and even 

in human body or not synthesized at all so it becomes mandatory to take these compounds in 

the required amount as prepared form, as precursor or as a constituent of daily diet intake to 

maintain the optimal health. The discovery of vitamins is a breakthrough in understanding 

the relationship between diseases and health (Eggersdorfer et al., 2012). Vitamin D also 

known as sun shine vitamin was first time declared in 20th century as vitamin. Discovery of 

vitamin D is linked with studies on rickets; in 1920’s vitamin D was identified as a 

preventing agent against rickets (Steenbock and Black, 1925).  

Vitamin D is well known for calcium absorption and to maintain bone mineral 

density. The significance of vitamin D and its potential beneficiary effects on the health have 

been established by a lot of research work in the past decade. Different epidemiological 

studies showed crucial role of vitamin D in several other physiological processes including 

cellular differentiation and proliferation, immune regulation, central nervous system function 

and cardiovascular health (Forman et al., 2007). Besides its effect on calcium and 

phosphorus homeostasis vitamin D is also involved in providing immunity against microbial 

pathogens. Role of vitamin D in auto immune and metabolic disorders has also been 

established in many studies. Many research groups are working to establish the role of 

vitamin D in the management of tuberculosis and fighting against TB (Talat et al., 2010; 

Martineau et al., 2011b; Mastala et al., 2013). 
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Sources of vitamin D 

The main source of vitamin D for all living individuals is sunlight. There are 

receptors present in human skin, activated from sun rays and absorb ultra violet radiation 

(280-320 nm). The precursor molecule 7-dehydrocholecalciferol undergoes several 

transformation and subsequent isomerization, and resulting compound called vitamin D 

(DeLuca, 2004; Holick, 2007).  In addition to this cutaneous synthesis of vitamin D through 

sunlight, humans can also get vitamin D from food. Dietary sources of vitamin D can 

originate from ultraviolet radiation of the plant sterol, ergosterol, which is present in the cell 

membranes of yeast and fungus, and results in vitamin D2 (or ergocalciferol), or from animal 

sources (vitamin D3 or cholecalciferol). Naturally limited amount of vitamin D (D2 or D3) is 

present in few foods. Major food sources include cod liver oil (400 IU of vitamin D3 per 

teaspoon), salmon fish (600-1000 IU of vitamin D3 per 3.5 oz), and others include mackerel 

(Holick, 2011a). Beef liver, cheese, and egg yolks also contain limited amounts of vitamin D 

(Ovesen et al., 2002). Few mushrooms also contain limited amount of vitamin D, however 

the content of vitamin D can be increased by exposing mushrooms to UV light under 

controlled conditions (Calvo et al., 2004). 

Metabolism of vitamin D 

Vitamin D whether taken in diet or synthesized by solar light, must undergo two 

hydroxylation, one in liver and one in kidney before it becomes active hormone. Vitamin D 

once in the body bind with vitamin D binding protein (VDBP) belongs to Gc family proteins 

and also known as Gc-globulin; these proteins bind with active and inactive vitamin D and 

transport it in circulation (Speeckaert et al., 2006). Inactive vitamin D or pre vitamin D3 with 

the help of DBP proteins first travels to liver where it undergo first hydroxylation by the 
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cytochrome P450 enzyme vitamin D 25 hydroxylase (CYP2R1 and /or CYP27A1) to calcidol 

(DeLuca, 2004; Strushkevich et al., 2008). However, there are also some evidences of 

25(OH) D extra hepatic hydroxylation. Serum 25(OH) D or calcidol is the predominant form 

of vitamin D in blood circulation and have half-life of 2(OH) D is 15 days, serum 25(OH) D 

is the preferred form to measure vitamin D (Lai et al., 2010; Ross et al., 2011). The 

hydroxylation of 25(OH) D in liver is not regulated by the serum level of 25-hydroxylated 

vitamin D (Horst et al., 2005). The second hydroxylation occurs in kidneys, 25(OH) D 

travels to kidneys where it undergoes second hydroxylation by the enzyme 25-

hydroxyvitamin D 1-alpha-hydroxylase (25(OH) D-1αOHase or CYP27B1) (Sakaki et al., 

2005). Here the active hormonal form produced known as calcitriol or 1, 25(OH) D. The 

half-life of calcitriol is only 10-12 hours much shorter than 25(OH) D (Jones, 2008). Unlike 

liver hydroxylation the hydroxylation of 25(OH) D to its active form in kidneys is tightly 

regulated by calcium, parathyroid hormone, phosphorus and 1, 25(OH) D levels (Breslau, 

1988; Holick, 2007). Insufficient calcium levels in blood cause high parathyroid hormone 

(PTH) levels which regulate synthesis of calcitriol (1, 25(OH) D) that afterwards increases 

absorption of calcium from intestine for calcium homeostasis (Segersten et al., 2002). High 

levels of phosphate in blood cause down regulation of calcitriol. When phosphate levels are 

high, this causes synthesis of fibroblast growth factor-23 (FGF-23) in the bone, which 

inhibits synthesis of active vitamin D in kidneys (Shimada et al., 2004).  In addition, 

1,25(OH)2D itself regulate renal hydroxylation, the sufficient level of active metabolite 

induces the catabolic enzyme 1,25-dihydroxyvitamin D-24-hydroxylase (CYP24A1) that 

form 24,25-dihydroxy vitamin D in the kidney, further it is metabolized into inactive form 

calcitriol acid which is water-soluble and finally excreted by the kidney (DeLuca, 2004; Lips, 
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2006). The 25(OH)D-1αOHase (CYP27B1) is not only present in renal tissue, this enzyme is 

also found in non-renal tissues including skin, brain, prostate, pancreas and macrophages, 

which result in some extent of extra renal activation of vitamin D. However regulation of 

non-renal synthesis is not well known. 

Calcidol or 25(OH) D is the major circulating form and 500-1000 times greater than 

1, 25(OH) D level. Both metabolites once in circulation are mostly protein-bound. 

Predominantly 25(OH) D bound with vitamin D binding protein (VDB) and the remainder to 

albumin while 0.03% of 25(OH) D is free (Bikle et al., 1985; Powe et al., 2011). 

Factors influence synthesis of Vitamin D  

There are many other factors that influence synthesis of vitamin D in human body, 

such factors includes: season, time of sun exposure, skin pigmentation, sun protecting 

creams, culture lifestyle, and latitude have an effect on vitamin D synthesis (Holick, 2004; 

Kimlin, 2008). 

Season and latitude  

At high latitudes there is less available UVB year-round. In particular, at latitudes 

above 35°N there is not enough UVB for cutaneous synthesis for some months of the year, 

due to the zenith angle of the sun. 

Culture and life style  

The culture of any region also influences the synthesis of vitamin D. In Asian region 

women cover their bodies and in Muslim countries they also cover their face and not any part 

get exposed to sun when they come out, most of the female stay indoor; more urbanization, 

structure of houses and less exposure to sun. These all factors significantly reduce synthesis 

of vitamin D.  



5 
 

Skin pigmentation  

Many studies have proved that skin pigmentation is also a major factor that contribute 

in the synthesis of vitamin D. The pigment, melanin gives skin color and also absorb UVB, 

individuals with more melanin will produce less vitamin D then those individuals with thin 

skin less melanin produce more vitamin D. This may explain why deficiency is more 

common in dark skin people (Bonilla et al., 2014).  

Use of sun protection factor (SPF) products 

Sunscreen products absorb sun rays and prevent them to enter in skin and stimulate 

precursor molecule of vitamin D synthesis.  

Fear to get skin cancer 

There are some conflicting messages about the danger of UV, exposure to UV ray can 

cause skin cancer has encouraged people to stay indoors or apply sun protecting products 

when they come out. However this does not act to reduce damaging effect of UV but this led 

to decrease level of vitamin D in body. 

Vitamin D and calcium phosphorus absorption 

The active metabolite of vitamin D 1, 25(OH) D or calcitriol is essential to ensure 

intestinal calcium absorption. In the small intestine 1, 25(OH) D enhanced the expression of 

the epithelium calcium channel protein and calbidin (calcium binding protein, CaBP) by 

interacting with vitamin D receptor-retinoic acid x-receptor complex (VDR-RXR). In the 

absence of vitamin D only 10-15% of dietary calcium is absorbed however 1, 25(OH) D 

increased intestinal calcium absorption up to 30-40%. Similarly without vitamin D, 60% of 

phosphorus is absorbed in the small intestine but in the presence of 1, 25(OH) D the 

absorption of phosphorus can be enhanced up to 80% (Heaney et al., 2003; Holick, 2007).  
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Moreover, osteoblasts also have receptors to recognize 1, 25(OH) 2D, prompting the 

expression of the receptor activator of nuclear factor-κ ligand (RANKL). Preosteoblasts have 

receptors RANK for RANKLS, this binding is essential for the differentiation of 

preosteoclast to mature osteoclast. Holick (2007) explained that matured osteoclasts assure 

physiological bone turnover, by removing calcium and phosphorus from bone and maintain 

calcium and phosphorus levels in the blood (Fig. 1). Parathyroid hormone (PTH) manage the 

tubular reabsorption of calcium by stimulating 1, 25(OH) 2D in the kidneys (Holick, 2007; 

Vervloet et al., 2011). Therefore deficiency of vitamin D also results in high expression of 

parathyroid glands which stimulate renal 25-hydroxyvitamin D-1α-hydroxylase and manage 

serum vitamin status in normal range. This stimulation of parathyroid glands results in 

secondary hyperparathyroidism (Heaney et al., 2003; Holick et al., 2005; Holick, 2006).  

Vitamin D and public health 

Vitamin D is traditionally known for bone mineralization but in last few years 

intensive research was done to find out various other functions of 25(OH) D and its other 

metabolites. In human body most of the tissues other than liver and renal have receptors for 

1, 25(OH) D. A variety of cells also contain enzyme CYP27B1 that converts inactive major 

circulating metabolite into active form (Peterlik and Cross, 2005; Hollis and Wagner, 2006). 

Among currently identified tissue and cells containing receptors for vitamin D are 

keratinocytes, osteoblast, active lymphocytes, pancreatic cells, small intestine, and other 

organs in the body, comprising skin, brain, prostate, gonads and breast (Holick, 2003, 2004; 

Schwartz, 2005). 

Macrophages and hematopoietic target cells can also synthesize 1, 25(OH) D at 

inflammation site. Many epidemiological studies have shown inverse relation in vitamin D 
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levels and incidence of various chronic and infectious diseases. Many researchers believe 

that reduced status of 1, 25(OH) D in serum may be responsible for numerous chronic 

diseases, including autoimmune diseases, cancer, congestive heart failure, diabetes, 

hypertension and metabolic syndrome (Holick, 2007; Lee et al., 2008). 

 

 

Figure 1: Synthesis and metabolism of vitamin D (Holick, 2006). 
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Role of vitamin D in infectious diseases 

The relationship between reduced level of vitamin D and susceptibility to infectious 

agent is not new, it has been suggested many years before. The early observations were in 

rickets children who most likely experienced infections of the respiratory system called 

“rachitic lung” (Khajavi and Amirhakimi, 1977).  

 Few in vitro studies have also reported 5000 to 90,000 IU of vitamin D can inhibit 

growth of many important gram positive and gram negative bacteria including 

Staphylococcus aureus, Streptococcus pyogenes, Klebsiella pneumonia and Escherichia coli 

(Youssef et al., 2011). In 1981 a British epidemiologist R.E. Hope-Simpson proposed some 

seasonal stimulus related with solar radiations which cause epidemic influenza. Later Cannell 

and coworkers argue that association of vitamin D may be with common cold caused by 

rhinovirus and flu caused by influenza virus, they called it  “Hope-Simpson stimulus” 

(Cannell et al., 2006). Furthermore, Ginde et al. (2009) and his colleagues found association 

of reduced levels of 25(OH) D in serum with high incidence of upper respiratory tract 

infections. Different studies suggest, association of vitamin D in various infectious diseases 

for instance, tuberculosis (Wilkinson et al., 2000), respiratory tract infections and influenza 

(Karatekin et al., 2009; Roth et al., 2010), chronic obstructive pulmonary disease (Janssens et 

al., 2010), cystic fibrosis (Wolfenden et al., 2008; Pincikova et al., 2011), sepsis (Danai et 

al., 2007) and human immunodeficiency virus (Rodriguez et al., 2009). 

Tuberculosis an infectious disease 

Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis a 

slow growing, non-motile, acid fast obligate aerobe. The most effected organ is lung called 
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pulmonary TB but it can disseminate in other sites in human body including plural, central 

nervous system, lymphatic system, genitourinary organs and bone and joint (also called 

osseous TB). Pulmonary tuberculosis is contagious and any person with persistent cough for 

more than three week is suspected for pulmonary TB. Pulmonary TB patients present range 

of signs and symptoms but most commonly it include: productive and prolonged cough for 

more than three weeks, chest pain, fever, hemoptysis, night sweats, chills, loss of appetite, 

weight loss, and mucoid sputum. In extra pulmonary TB symptoms related to specific organs 

are presented. TB is predominantly an airborne disease. People with active pulmonary TB 

spit infectious aerosols when they cough, sneeze, sing, and shout. In a single sneeze people 

can expel 40,000 droplets, and depending upon the infectious dose each of this droplet can 

cause disease. People with prolong and close contact with TB patients are at high risk of 

tuberculosis.  

History of tuberculosis 

Tuberculosis is an ancient disease effecting human and animal health since last 1700 

years. Tuberculosis has been recorded in the history of Greek-Rome and Egyptian 

civilization, the evidence of tubercular decay has been established in thousands years old 

Egyptian mummies. Ancient Indians also reported TB in 1500-1600 BC; they denoted a 

Sanskrit name spondylitis to this disease. Tuberculosis was also called as phthisis, 

pulmonalis, white plaque or consumption. In 16th century TB was primary cause of death in 

Europe. A sudden increase in the TB incidence has been reported since mid-1700s that 

spreader as a pandemic throughout Western Europe in the next coming century and was at 

peak in 1800. In early 19th century a lot of scientific work was done to understand the 

etiology of tuberculosis, Jean-Antoine Villemin in 1865 demonstrate transmissibility of 
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Mycobacterium tuberculosis. In 1882, Robert Koch Prussian physician first time declared 

tubercle bacillus the causative agent of MTB.  He utilized a new staining method on sputum 

sample of TB patients and revealed M.tuberculosis the causative agent of tuberculosis. This 

development established new understanding of causation in the history of medicine. In 1890 

Robert Koch purified a protein called tuberculin however it was useless for immunization, 

though in 1908 Charles Mantoux found tuberculin an effective method to diagnose 

tuberculosis. He utilized it as an intradermic test, later he demonstrated Latent TB (non-

active TB) in asymptomatic children. 

Tuberculosis, a global burden and impact on Pakistan 

Tuberculosis is a global health problem present in all regions of world; it is the 

second leading infectious disease after HIV-AIDS that kills human, its being reported to 

cause more than two million deaths in a year. One third population across the world is likely 

to be infected with M.tuberculosis. In 1997 WHO declared tuberculosis a global public 

health emergency. Since then, major efforts have been done to eradicate this disease. In 2013, 

almost 9 million people had TB and 1.5 million died from this disease. South-East Asia and 

Western Pacific Regions accounts more than half of the 9 million people who had TB, further 

one quarter was in the African Region, which also had the highest case notification rate and 

mortality due to tuberculosis.  

Pakistan is a large and populous country where tuberculosis is a leading cause of 

morbidity and mortality. Unfortunately it has been ignored in the past (Ahmad et al., 2014). 

According to world health organization the current TB incidence in Pakistan is 231 new 

cases per 100,000 population, and rate of mortality is 62,000 (95% CI 27,000-110,000), and 

this high rate awkwardly moved Pakistan to 5th rank in the list of high burden countries 

http://en.wikipedia.org/wiki/Charles_Mantoux
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having the high incidence of  tuberculosis. Pakistan was ranked 8th in 2009 but in 2013 it is 

on 5th rank, indicating the high number of cases across the country (WHO, 2013).  

In Pakistan incidence of drug resistant TB is also very high. Unfortunately Pakistan is 

ranked 4th in the MDR-TB high burden countries. In one report of WHO in 2010 it declared 

Pakistan alone contributes 69% of the MDR-TB in its region. 

Drug resistant tuberculosis 

Although wide spread availability of antituberculous treatment is present but 

emergence of drug resistance in Mycobacterium present is a new challenge to fight against 

TB. When Mycobacterium becomes resistant to at least two major drugs of anti TB 

treatment, Isoniazid and Rifampicin with or without resistance to other first line anti TB 

drugs, it is called multi drug resistant TB or MDR-TB. Treatment of MDR-TB is expensive 

and prolonged then DS-TB (drug susceptible) and second line drugs of TB treatment have 

more side effects on human health. Further adverse form of TB is XDR-TB (extreme drug 

resistant) in this type of tuberculosis Mycobacterium tuberculosis does not respond  to 

isoniazid, rifampicin in addition to rifampicin and isoniazid it does not respond to any 

flouroquinolone and any of the injectable second line anti TB Drugs (amikacin, capreomycin, 

and kanamycin) agents (amikacin, capreomycin, and kanamycin) (WHO, 2014).  

Vitamin D and tuberculosis (History) 

About 200 year ago, Champan first reported the administration of vitamin D content, 

cod liver oil in patients suffering with “Consumption” showed improved clinical outcome. 

He observed patients supplemented with cod liver oil were exhibited most speedily, and 

showed noticeable improvement in appetite, general well-being and strength. He declared 

that cod liver oil the only remedy against tuberculosis or malady (Martineau, 2012). However 



12 
 

in this study no control group was observed and it was not confirmed the beneficiary effect of 

cod liver oil is either due to vitamin D or due to vitamin A content (Karyadi et al., 2002; 

Martineau, 2012). In 1859 the first sanatorium for TB patients was opened in Germany. Later 

heliotherapy (exposure of sunlight to enhance the synthesis of vitamin D in the skin of TB 

patients) became a popular and common modality for the synthesis of vitamin D (Mayer, 

1938; Martineau, 2012). Later, Niels Ryberg Finsen who received Nobel Prize for Medicine 

in 1903 described the importance of vitamin D in the management of tuberculosis. He 

showed short wave UV light (light from an arc lamp) was effective against cutaneous TB 

(Roelandts, 2005).  

Vitamin D provides immunity against tuberculosis 

First evidence of vitamin D providing immunity against M.tuberculosis was delivered 

in 1986 by Rook and colleagues. They treated macrophages with 1,25D and found the growth 

rate of Mtb was reduced in macrophages treated with vitamin D (Rook et al., 1986). The 

proliferation rate was further reduced after adding cytokine, IFN-γ, and CYP27B1 

(stimulator of macrophage) (Adams and Gacad, 1985). In 2006, Liu and his colleagues stated 

in monocytes the expression of VDR and CYP27B1 has been increased by the Toll-like 

receptors 2/1 (TLR2/1) after sensing M.tuberculosis (Liu et al., 2006). VDR is well known 

for transactivation of antimicrobial peptide called cathelicidin (LL37), transcriptional 

regulation of cathelicidin by active vitamin D has also been reported by others but Liu and 

co-workers showed the similar reaction can also be regulated by intracarine activation of 

25D. This power of intracranial activation by CYP27B1 was also achieved in vivo; from an 

infected bovine mammary glands some infected cells were isolated and expression of 

CYP27B1 was compared with other cells from a mock infection. High expression of 
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CYP27B1 was observed in infected cells. In another study serum samples were obtained 

from different donors having TB infection and 25(OH) D was measured in those donors. It 

was observed individual’s with lower level of vitamin D also have lower induction of LL37 

compared to those with sufficient level of vitamin D (Liu et al., 2006; Chun et al., 2011). 

Similar findings were observed in serum samples before and after supplementation of 

vitamin D (Adams et al., 2009). Kreutz et al. (1993) reported that cathelicidin or LL37 

causes fusion of the phagolysosome, this fusion is necessary for the killing of M.tuberculosis 

(Fig. 2). 

VDR directly induce transcription of LL37 via VDRE (Vitamin D response element), 

VDRE is present in the promoter of the cathecidilin gene (Gombart et al., 2009), but the 

activity of the VDR is not limited to the LL37, VDRE is also found in the promoter of γ-

defensin 2 (DEFB4) (Wang et al., 2004). This co-stimulatory mechanism activate NF-κB 

(nuclear factor kappa-light-chain-enhancer of activated B cells). The induction of defensing 

protein has also been observed after the activation of NOD2. 

NOD2 is an intracellular pathogen recognition receptor, it is regulated in various cell 

types by 1,25D. The significance of this mechanism can be understand by the fact that ligand 

of this receptor (NOD2) muramyl peptide is an important cell wall product in both gram 

positive and negative bacteria (Wang et al., 2010a). Therefore it is possible that vitamin D 

can induce antibacterial response by many other routes.  

Studies have also shown that 1,25(OH)D promotes autophagy in monocytes its 

response not only restricted to antibacterial proteins, but recent studies also indicate the role 

of vitamin D in promoting environment related to antibacterial activity. Vitamin D also 

generates reactive oxygen species (ROS) that have bactericidal effects. When monocytes 
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were treated with Mycobacterium and vitamin D it showed increased generation of reactive 

oxygen species (ROS) (Sly et al., 2001; Yang et al., 2009). In mice, nitric oxide (NO) a well-

known ROS is significant in fighting against bacteria (MacMicking et al., 1997), it is a 

thought that human may also share the similar kind of mechanism (Nicholson et al., 1996). In 

another study, effect of vitamin D status on NO expression and killing of Mycobacteria was 

established, when vitamin D deficient mice managed less well after infection with 

Mycobacterium bovis (Waters et al., 2004). However, the exact proof of similar mechanism 

in humans is not obvious but in cultured monocytes 1, 25(OH) D induced NO expression and 

suppress the proliferation rate of Mtb (Rockett et al., 1998). 

 

 

Figure 2: Mechanisms for induction of vitamin D-mediated immunity against 

                             Mycobacterium tuberculosis (Chun et al., 2011). 
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Definition of vitamin D deficiency  

At present there is no universal definition of vitamin D deficiency (Heaney, 2011). 

Different studies used different cut off values of serum 25(OH) D to define vitamin D 

deficiency and insufficiency. In 2011, Endocrine Society Clinical Practice Guidelines states 

vitamin D deficiency when  circulating 25(OH) D  level is less than 50 nmol/L or 20 ng/mL 

(to convert from ng/mL to nmol/L, multiply by 2.49) (Holick et al., 2011b). Another 

approach has been set by American Institute of Medicine (IOM) , IOM performed a very 

rigorous data analysis and came to the conclusion that 25(OH) D values between 50 and 30 

nmol/L should be considered inadequate and only values < 30 nmol/L deficient (Rosen et al., 

2012). However in different cohort studies different definitions of vitamin D were used (Del 

Valle et al., 2011; Ross et al., 2011).  

Prevalence of vitamin D deficiency  

Vitamin D deficiency is widespread, it is reported that over 1 billion people have 

either deficient or insufficient level of vitamin D (Holick and Chen, 2008). Considering sun 

as a rich source of vitamin D once it was thought that vitamin D deficiency is uncommon in 

Asian population but many studies from all over the world reported vitamin D deficiency in 

Asians (Goswami et al., 2000; Du et al., 2001; Hashemipour et al., 2004). In 2005 a 

population based study in Norway have shown vitamin D deficiency is more prevalent in 

Pakistani immigrants (Holvik et al., 2004), followed by studies from different parts of the 

country showed vitamin D deficiency in postmenopausal women and high prevalence in 

adults in Karachi (Sheikh et al., 2012). 
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Prevalence of vitamin D deficiency in TB patients 

Several studies in different populations have reported association of vitamin D 

deficiency and increased risk of tuberculosis. In a meta-analysis Nnoahem and coworkers 

concluded vitamin D deficiency is associated with high risk of tuberculosis (Nnoaham and 

Clarke, 2008). Studies in Indian population revealed that lower level of vitamin D in Asian 

population has a role in high incidence of TB in this region (Rathored et al., 2012). Another 

study in Karachi (Pakistan) indicated low level of vitamin D in TB house hold contacts (Talat 

et al., 2010). Other studies also supported vitamin D as a preventive agent against TB 

(Martineau et al., 2007, 2011b). 

Vitamin D and polymorphism  

Vitamin D receptor (VDR) 

Human vitamin D receptor is a nuclear hormone receptor encoded by the VDR gene 

located on chromosome 12q. It is the widely studied gene in vitamin D metabolism. VDR is a 

polymorphic gene and various SNPs have been reported. The most studied SNP in TB 

patients are Fok (rs2228570), Taq (rs731236), Bsm (rs1544410) and Apa1 

(rs7975232). Many studies have been done to see the effect of any genetic variation in VDR 

gene on a person’s susceptibility to tuberculosis; it was supposed that mutation in these four 

SNPs alter the effect of VDR that induce immune function. This hypothesis that genetic 

alteration of VDR is linked with TB infection was first studied by Bellamy and coworkers in 

1999. In a case control study he established an association of Taq and tuberculosis in 

Gambian population. According to his study susceptibility of active TB is more in people 

with T allele (Bellamy et al., 1999). Several other case control studies investigated 

association of polymorphism in VDR and susceptibility of tuberculosis. A meta-analysis of 
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such studies reported association of Fok with tuberculosis; they suggest most people in Asia 

with ff genotype have more risk to develop TB infection however this risk of susceptibility of 

TB was not observed in Africans or Latin Americans. They also suggest recessive allele of 

Bsm is protective against TB (Gao et al., 2010). Another meta-analysis in 2014 reported a 

potential impact of Vitamin D on TB, especially with regard to VDR polymorphism. They 

also reported that individuals with BsmI and FokI VDR polymorphisms showed higher odds 

of acquiring TB while those with the ApaI and TaqI VDR polymorphisms did not (Sutaria et 

al., 2014). 

In contrast to numerous cross-sectional studies few cohort studies reported the 

influence of vitamin status and VDR polymorphism on antituberculous treatment. In another 

study it has been observed individual’s with FF genotype of Fok and Tt genotype of Taq 

were fast respondent to antituberculous therapy and showed early sputum culture conversion 

(Roth et al., 2004), while these findings are inconsistent. Some other studies stated 

polymorphism in VDR genotype among TB patients have no effect sputum culture 

conversion time (Babb et al., 2007; Martineau, 2012). 

Vitamin D binding protein (VDB) 

Vitamin D binding protein initially known as the group specific component (Gc-

globulin) is highly expressed multifunctional protein encoded on chromosome 4.  DBP has a 

molecular weight of 58 KDa and has multiple functions, physiological range of VDB in 

plasma ranging from 300-600 µg/mL (Speeckaert et al., 2006). Once vitamin D and its 

metabolites are in circulation, it bound with DBP. This protein has high affinity with 25(OH) 

D and according to few reports approximately 99% of circulating 25(OH) D being bound 

with DBP. The half-life of DBP is short ranging from 2.5-3 days. The VDB gene is most 
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widely studied gene in vitamin D metabolic pathway. More than 120 different alleles in 

human population have been identified in this gene. The two most studied SNPs in VDB are 

rs4588 and rs7466. Polymorphism in rs4588r results in a “C” to “A” that substitutes lysine 

(AAG) rather threonine (ACG). In rs7041 trans version of T to G results in glutamic acid 

(GAG) rather aspartic acid (ACG). There are three major electrophoretic protein variants in 

VDB based on these two SNPs.  The three different isoforms of DBP arise as a result of 

polymorphism are: group specific component 1 fast (Gc-1f), group specific component 1 

slow (Gc-1s) and group specific component 2 (Gc12). These three different electrophoretic 

variations of DBP carry different combination of amino acid at these two SNPs (rs4588 and 

rs7041), GC-1f has threonine and aspartic acid (Thr-Asp); Gc1s has a threonine and glutamic 

acid (Thr-Glu) and finally Gc2 has lysine and aspartic acid (Lys-Asp), so six different 

diplotypes formed by these three proteins: 1f-1f, 1f-1s, 1s-1s, 1s-2, 1f-2, and 2-2. 

Studies have indicated the effect of different genetic variants on binding affinity of 

25(OH) D with DBP. It has been observed that Gc1f has more affinity for 25(OH) D, Gc2 

has the lowest affinity and Gc1s has intermediate affinity (Chun et al., 2008; Engelman et al., 

2008). Arnaud and Constans demonstrated that the affinity of the Gc1f allele was four times 

higher than that of the Gc2 allele and double to that of the Gc1s allele (Arnaud and Constans, 

1993). Polymorphism of vitamin D binding protein and its influence on tuberculosis has been 

investigated in different population. No significant association between TB and DBP 

polymorphism was observed in Indian and Russian population. A study on Gujrati Asians 

living in London showed association between Gc2 allele and tuberculosis however this 

association depends upon vitamin D status.  If serum vitamin D level is <20 nmol/L then 
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allele showed association suggesting intense vitamin D deficiency and presence of this allele 

may interact to increase the risk of developing of infection (Martineau et al., 2010).  

Aims and objectives 

This study was aimed to evaluate the relative contribution of vitamin D deficiency in 

tuberculosis in a sub-tropical country like Pakistan. This study was conducted to determine: 

1. The prevalence of vitamin D deficiency among a cohort of patients with newly-

diagnosed pulmonary tuberculosis in Lahore, Pakistan. 

2. Contribution of environment vs genetic determinants in vitamin D deficiency. 

3. To ascertain baseline status of vitamin D and/or polymorphisms in VDR, DBP or 

CYP2R1 influenced response to intensive-phase antituberculous therapy in TB 

patients. 

4. To ascertain any effect of vitamin D deficiency in response to treatment. 

5. To measure free and bioavailable vitamin D deficiency in these patients. 

6. To ascertain role of Mycobacterium in vitamin D metabolism. 
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MATERIALS AND METHODS 
 

Subject selection and sampling 

Study design and sampling of pulmonary TB patients 

A longitudinal study was designed in which 300 admitted cases of pulmonary TB 

were recruited from Gulab Devi Chest Hospital, Lahore from December, 2011 to November, 

2013. Gulab Devi Chest Hospital is a well-known hospital for the diagnosis and treatment of 

tuberculosis. Most of the patients visited Gulab Devi Chest Hospital were from Lahore and 

cities around, people from other parts of Punjab were also referred to this hospital for the 

treatment of tuberculosis. 

All the patients were diagnosed for pulmonary TB; diagnosis was done with the help 

of medical staff following the WHO guidelines for pulmonary tuberculosis. Patients were 

examined for clinical symptoms; fever, cough for more than two weeks, night sweats, weight 

loss, chest pain, shortness of breath, hemoptysis. Two sputa samples were sent to the 

microbiology laboratory of Gulab Devi Chest Hospital to check the presence of 

Mycobacterium tuberculosis in the sputum. Radiological evidence of pulmonary lesion was 

examined with the help of chest X-ray to see the extent of lesion in the lungs. 

Inclusion and exclusion criteria of TB patients 

A strict inclusion criterion was adopted. A detailed questionnaire was asked from 

these patients (see appendix 1), including age, socioeconomic status, any previous history of 

treatment, extent of disease was noted from chest X-ray and bacillary load was from first 

sputum examination report.  
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Only those cases of diagnosed pulmonary tuberculosis were included in the study 

who had not yet started anti TB treatment for this admission. To know about any previous 

history of anti TB treatment, different questions were asked to the patients who have been 

taking different medicines and were not aware of the names of medicines. They were asked 

about number and shape of tablets they had been taking particularly simultaneously and 

before breakfast. Only those patients were included who had no co morbidity, patients with 

any other disease in addition to pulmonary TB were not included. Any patient older than 60 

years was not included.  

Sampling 

Patients were briefly informed about the sampling procedure and consent was taken 

before sampling. Five mL of blood sample was taken from each patient with the help of 

hospital staff. Three mL of blood was transferred into serum containing vials and special care 

was taken during transferring of blood not to be hemolyzed. Two mL of blood was 

transferred in to ethylenediaminetetraacetic acid (EDTA) coated vials and gently mixed to 

avoid clotting. Samples were transported to lab within 2 hours of collection to isolate serum 

and stored at -20°C for further use. EDTA vials containing whole blood were kept at 4ºC and 

were further used for DNA extraction. Participants then initiated directly-observed 

antituberculous treatment according to WHO guidelines and were followed up 2, 4, 6 and 8 

weeks later. At each time point they were asked to provide a repeat sputum sample for 

microscopy, until either their sputum sample was smear-negative, or they were unable to 

expectorate. 

 

 



22 
 

Selection of controls 

Blood samples from TB contacts (relatives of patients), hospital staff working in TB 

wards like staff nurses, sweepers, sweeperesses etc., were taken for case control study. An 

informed consent was taken before sample collection. 

To see prevalence of vitamin D in female group; healthy adult females were screened 

for eligibility to participate in the study from January 2012 to July 2012 in Lahore, Pakistan.  

Three groups of women were sampled: students at the University of the Punjab Campus; 

students and staff at Madrasas or Islamic institutes; and employees working in offices, 

hospitals and domestic settings (maids). Exclusion criteria were: age <15 or >50 years; 

presence of symptoms or signs of active infectious disease or chronic illness; abnormal renal 

/ liver function (serum glutamate pyruvate transaminase [SGPT] ≥ 18 IU/L, serum glutamate 

oxaloacetate [SGOT] ≥16 IU/L, serum urea concentration ≥7.5 mmol/L, serum alkaline 

phosphatase concentration ≥280 IU/L); presence of Hepatitis B surface antigen (HBSAg) or 

antibodies to Hepatitis C virus (HCV) or Human Immunodeficiency Virus (HIV); and 

pregnancy. 

A detailed interview was conducted to gather details about participants lifestyle and 

social status; questions were asked about participants’ monthly income (subjects with 

monthly income <10,000 PKR were classified as having lower incomes, subjects with 

monthly income 10,000-20,000 PKR were considered to have intermediate incomes and 

subjects with monthly income >20,000 PKR were considered to have higher incomes), 

marital status, preference of food items (we asked a list of various items e.g., fish, chicken, 

mutton, vegetables, wheat, burger, pizza  and rice and from that data we subdivided into two 

groups ‘homemade food’ or ‘junk food’), milk intake, and the amount of time they spent 
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indoors and outdoors. Participants were also asked whether they used any multivitamin 

supplements. A clinical history was also taken, to identify potential participants with fever, 

cough, active infectious disease and a diagnosis of any chronic illness. We also enquired 

about history of body ache / pain, by asking about the presence of any of the following 

symptoms: lower backache or backache after long periods standing, morning stiffness, and 

joint pain. Participants were then weighed, and their height was measured: body mass index 

(BMI) was calculated as weight (kg) / height (m)2. A general clinical examination was 

performed to exclude subjects with jaundice or pedal edema. 

Sampling from controls 

Blood sample was taken from those who fulfilled the initial screening criteria. From 

median cubital vein 5 mL of blood was drawn and without any delay 2 mL was transferred in 

EDTA containing vials, 3 mL was transferred in serum vials and sent to laboratory within 

two hours of collection. Serum was isolated from clotted blood and stored at -20°C. Written 

or informed consent was obtained from all study participants before sample collection. 

Approval of this study was obtained from the Ethical Committee of the University of 

the Punjab (Ref No: SBS 873-12). 

Anti-Hepatitis C virus (HCV) test 

For screening of HCV one step test device kits were used from ABON Biopharm 

(Hangzhou, China). It is a rapid test used to detect antibodies against hepatitis C virus in 

serum or plasma. It is a qualitative one step test.  

Sample 

In this assay serum samples were used. 
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Procedure 

Test device was removed from the pouch and used immediately. It was placed at level 

surface, and 5 µL of sample was dropped in a well (S) of the test device with pipette, and 

then 2 full drops of buffer were added. Colored line(s) appeared after adding buffer.  

Hepatitis B surface antigen (HBsAg) test 

One step hepatitis B surface antigen test device of ABON Biopharm (Hangzhou, 

China) was used for screening of hepatitis B virus. 

Sample 

Serum or plasma samples can be used for this test. We used clear non hemolyzed 

serum samples. 

Procedure 

Test device was removed from the pouch and used immediately. It was placed on 

clean and level surface. With pipette 100 µL or 3 full drops of sample was dropped in a well 

(S) of the test device. Red line appeared within minutes. 

Serum urea estimation assay 

BIO-BAS (Spinreact, S.A) kit was used for this assay. 

Sample 

Serum sample was used to perform this assay. 

Procedure 

Blank, standard and test sample were prepared in 1cm light path cuvette by following 

method: One mL of working reagent (R1 +R2) (R1: TRIS 80 mmol/L, α-ketoglutarate 

6mmol/L and urease 75000 U/L; R2: Glutamate dehydrogenase (GLDH) 60000 U/L, 

Nicotinamide adenine dinucleotide (NADH) 0.32 mmol/L) and 10 µL of sample and standard 
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was added in respective tubes. Sample and reagent were mixed and first absorbance (A1) was 

read at 340nm, second absorbance (A2) was taken after 30 seconds. The difference between 

both absorbance was calculated as follows: 

                     ∆A=A2-A1 

    ∆A = Difference between two absorbance 

     A1 = Initial absorbance 

     A2 = Final absorbance 

Serum glutamate pyruvate transaminase (SGPT) assay 

BIO-BAS (Spinreact, S.A. Spain) kit was used for this assay. 

Sample 

Serum sample was used to perform this assay but serum or plasma sample can be 

used.  

Procedure 

In 1cm light path cuvette, 1mL of working reagent [4 = 1vol (R1:R2)] and 100 µL of 

serum sample were taken. Reagent and sample were mixed and incubated for 1 minute at 

37°C. The initial absorbance (A1) was taken at 340nm, absorbances were read for 3 minutes 

with 1 minute interval. For exact timing stop watch was used. The difference between 

absorbance and the average absorbance difference per minute was calculated (∆ A/min). 

Serum glutamate oxaloacetate (SGOT) assay 

For this assay BIO-BAS (Spinreact, S.A. Spain) kit was used. 

Sample 

Serum sample was used to perform this assay. 
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Procedure 

In 1cm light path cuvette, 1 mL of working reagent [4 = 1vol (R1:R2)] and 100 µL of 

serum sample were added. Reagent and sample were mixed and incubated for 1 minute at 

37°C. The initial absorbance (A1) was taken at 340nm and other readings were taken after 1 

minute interval thereafter for 3minutes. The difference between absorbance and the average 

absorbance difference per minute was calculated (∆A/min). 

Serum calcium estimation assay 

BioBas kit (Spineract, S.A. Spain) kit was used. 

Sample 

Serum or plasma sample can be used that must be separated from cells as rapidly as 

possible. For this assay we used serum samples. 

Note: Blood anticoagulants with oxalate or EDTA are not accepted since these chemicals 

strongly chelate calcium. 

Procedure 

Instrument was adjusted to zero with distilled water, 1 mL of R1 (Ethanolamine, 500 

mol/L) and 1 mL of R2 (σ-cresolphtalein, 0.62 mmol/L and 8-Hidroxyquinolein, 69 mol/L) 

were added in cuvette, 20 µL of calibrator (calcium aqueous primary standard 10 mg/dL) and 

20 µL of sample were also added in the respective tubes. Mixed and incubated for 5 minutes 

at 25ºC. Absorbance of the samples and calibrators was read against blank at 570nm. 

Calculations 

Calcium in serum sample (mg/dL) = Absorbance of sample × 10 (calibrator concentration)

                                                   Absorbance of calibrator  
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Sputum examination  

Sputum examination for acid fast bacilli 

For all selected PTB patients, sputum for acid fast bacilli (AFB) was examined and 

repeated after every two weeks (0, 2, 4, 6 and 8 week) till sputum converted negative for 

AFB or patient could not expectorate. Data from patients who attended their final follow-up 

visit late were included up to 10 weeks from initiation of antimicrobial treatment. 

Microscopy of Ziehl-Nielsen (ZN) -stained sputum samples was performed in the 

Microbiology Laboratory at the Gulab Devi Chest Hospital by trained staff using written 

standard operating procedures. These staff were blinded to participants’ vitamin D status. 

Bacillary load in baseline sputum samples was classified according to the number of AFB 

seen per high power field (HPF).  

Staining procedure 

Smear of the specimen was fixed over the glass slide by heating; slide was covered 

with carbol fuschin and heated gently until fumes appeared. Carbol fuschin was allowed to 

stand for 5 minutes, and then washed it off with water. Decolorizer (20% sulphuric acid) was 

poured over the slide and washed off with water; this step was repeated until the slide 

appeared light pink in color. Methylene blue was poured, waited for two minutes and again 

washed with water. Slide was allowed to air dry and examined under oil immersion lens.  

MTB culture and drug sensitivity testing (DST) 

Mycobacterial culture and drug sensitivity testing was done for a sub-group of 

patients who fulfilled hospital criteria for performing this test, namely those who were 

sputum-smear positive after 2 weeks of intensive-phase anti-TB treatment (WHO, 2010), and 

who had either been previously treated for tuberculosis or who were known to have had 
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contact with patients with confirmed MDR-TB. Sputum samples from patients selected for 

drug sensitivity testing were initially assessed using the GeneXpert MTB/RIF platform 

(Boehme et al., 2010). Samples which were positive for this molecular test were then 

cultured on Lowenstein Jensen medium (L-Asparagine 3.6 g/L; Monopotassium Phosphate 

2.4 g/L; Magnesium Sulphate 0.24 g/L; Magnesium Citrate 0.6 g/L; Potato Flour 30.0 g/L; 

Malachite Green 0.4 g/L; media supplemented with 12 mL glycerol and egg), and colonies 

were sent for phenotypic drug sensitivity testing using the Bactec MGIT system as described 

(Ådjers-Koskela and Katila, 2003). 

Serum 25(OH) D estimation assay 

Serum 25(OH) D concentrations were estimated by ELISA (Immunodiagnostic 

Systems, Boldon, UK); the inter-assay coefficient of variation was 11.5%, and the average 

duration of sample storage prior to 25(OH)D assay was 91.2 days.  

Procedure  

For sample preparation borosilicate glass tubes were used, tubes were labeled as cal 

(Calibrators), ctrl (control) and smp (Sample). Seven calibrators and two controls were run 

with each assay. The 25-D biotin solution (1 mL) and 25 µL of calibrator/control /sample 

were added in all tubes and mixed by vortexing for 10 seconds. Afterward, 200 µL of each 

calibrators/control/sample was introduced in the appropriate wells of the antibody coated 

plate, and covered with an adhesive plate sealer. Plate was allowed to stand at 18-25 ºC for 2 

hours. After incubation each well was washed three times with the washing solution provided 

with kit. For washing all contents of the wells was emptied by inverting the plate sharply. 

Using a multichannel pipette 250 µL of washing buffer was dispensed in all wells and 

decanted again. This process was repeated twice. 
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Before moving to next step, excess washing solution was removed by tapping plate 

firmly on an absorbent tissue. Using a multichannel pipette 200 µL enzyme conjugate was 

introduced to every well and plate was allowed to stand for 30 minutes at 18-25 ºC. After 

incubation washing step was repeated as described above. Tetramethylbenzidine (TMB) 

substrate (200 µL) was added to all wells with a multichannel pipette. Plate was covered and 

incubated at 18-25°C for 30 minutes, 100 µL of stop solution (HCl) was added to each well 

by using a multichannel pipette. Within 30 minutes after introducing the stop solution the 

absorbance of each well was measured at 450 nm (reference 650 nm). 

DNA extraction 

Whole blood was used for extraction of genomic DNA (Iranpur-Mobarakeh and 

Esmailizadeh, 2010). 

A 500 µL of whole blood in 1.5 mL microtube was poured and washed with distilled 

water. For washing 1000 µL of distilled water was added in each microtube and centrifuged 

at 7500 rpm for 2 minutes. Supernatant was discarded and 1000 µL of red cell lysis buffer 

RBCLB (0.01 M Tris-HCl having pH 7.6; 320 mM sucrose; 5 mM MgC12; 1% Triton X 

100) was added. Microfuge was shacked gently (up to homogenizing), placed at room 

temperature for 10 minutes and then spinned for 5 minutes at 7000 rpm. Supernatant was 

again discarded; red cell washing procedure was repeated with RBCLB two or three more 

times (until pellet become clear). This washing of red cells is critical and essential to 

breakdown of pellet by vortexing and washed well in red blood cell lysis buffer to remove all 

residual hemoglobin and to achieve clean white blood cells. Microfuge was placed on tissue 

paper for few seconds downward after washing step, it is important to avoid cross-

contamination at this stage between different samples. Then 400 µL of nucleic lysis buffer 
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(0.01 M Tris-HC1; 11.4 mM sodium citrate; 1 mM EDTA; and 1 % sodium dodecyl 

sulphate) was added to microfuge tube (if the pellet formed, pipette the pellet up to dissolve 

it). Moreover, 100 µL of saturated NaCl (5M) and 600 µL of chloroform were introduced 

into the same eppendorf. It was thoroughly mixed at room temperature and then centrifuged 

for 2 minutes at 7000 rpm. After centrifugation two distinct layers were formed. A 400 µL of 

upper layer was transferred to a new 1.5 mL tube and 800 µL of cold (-20°C) absolute 

ethanol was added into it. The tube was mildly shacked and vortexed. Mucus like strands of 

DNA was appeared in the solution phase.  Microfuge tube was centrifuged for 1 minute at 

12000 rpm, and then carefully supernatant was discarded. Tubes were allowed to be 

completely dried in room temperature (placed eppendorf tube downward on the tissue paper). 

When tubes became completely dried 50 µL of TE buffer (1 M Tris-HCl, pH 7.6; 2 mL of 

0.5 M EDTA, pH 8) was added and vortexed. The eppendorf tube containing DNA was kept 

at 4°C or -20°C to use afterwards.  

DNA quantification  

For the quantification of DNA absorbance of each sample was taken at wavelength of 

260 and 280 nm. The ratio of DNA and protein was also estimated (OD260/OD280). Qubit the 

most sensitive technique was also used to determine the concentration of DNA in these 

samples. 

Qubit ds DNA broad range (BR) assay 

Qubit working solution was prepared by diluting the Qubit dsDNA BR reagent 

(1:200) in Qubit dsDNA BR buffer in a clean plastic tube. Then 190 µL of working solution 

was loaded in tubes and 10 µL of standard 1 and 2 was added in tubes labelled with S1 and 

S2. Standard and working solution were mixed and incubated for 2 minutes at room 
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temperature. In an individual assay tube, 199 µL of working solution and 1 µL of DNA 

sample were added, mixed and incubated for 2 minutes at room temperature. The Qubit 2.0 

Fluorometer was calibrated with standards and results were displayed on screen.  

Quality of DNA 

To check the quality of DNA 5 µL of each sample was run on 0.9% agarose gel at 

80V for 30 minutes. 

Agarose gel (0.9%) was prepared by adding 0.9g of agarose in 0.5X tris-EDTA 

buffer. It was heated in microwave until it turned into a clear liquid. A small quantity of 

ethidium bromide (2 µL) was introduced before casting the gel in a casting tray with pre 

inserted comb and allowed to solidify. Comb was removed and tray was placed in the gel 

tank filled with 0.5X tris-EDTA. DNA sample (5 µL) pre mixed with 2 µL of gel loading dye 

[0.25% bromophenol blue and 40% (w/v) sucrose, dissolved in distilled water] were loaded 

in to the wells along with DNA marker (Gene ruler 1kb DNA ladder by Fermentas) to 

measure the size of DNA. Then voltage (80V) was applied until the tracking dye reaches the 

end of the gel. Gel was then placed on a UV trans illuminator for visualization of pink 

fluorescent sharp DNA bands. 

Dilution of DNA samples 

For polymerase chain reaction DNA samples were diluted by TE buffer, robot 

technique was utilized and final concentration of 5 ng/µL of each sample was prepared in 96 

well plates.  
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Figure 3: Apparatus of robot technique used for dilution of DNA  

 

Real Time polymerase chain reaction 

TaqMan allelic probe assays (Applied Biosystems, Foster City, CA, USA) were used 

to see allelic discrimination of vitamin D receptor gene VDR [(rs731236 Taq), (rs2228570 

Bsm); (rs1544410 Fok)]; cytochrome 25 hydroxylase CYP2R1 [(rs2060793, rs10500804, 

rs10766197)] and vitamin D binding protein VDB [(rs7041 Hae) and (rs4588 Sty)]. All 

primers used were commercially prepared (Table 1). The PCR reaction mixture contained 7.5 

μL of TaqMan Genotyping master mixture, 0.75 μL of TaqMan SNP (probes), 1 μL of 

genomic DNA (1-10 ng), and 5.75 µL nuclease free water. Thermal conditions were 

followed as; initial denaturation at 95°C for 10 minutes, 40 cycles were run at 95°C for 15 

seconds (denaturing) followed by 60°C for 1 minute (annealing/extension). PCR plates were 

read by 7900HT seq detection system ABI prism (Sioka et al., 2011; Martineau et al., 2015). 
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Table 1: TaqMan allelic assay primers and probes used in real time PCR. 

SNP ID (assay ID) Gene Primers attached with VIC and FAM 

Fluorescent material 

rs7041 (C-3133594_30) VDB 

(GC) 

GCTTTGCCAGTTCCGTGGGTGTGGC[A/C]T

CAGGCAATTTTGCTTTTAGTCGCT 

rs4588  (C_8278879-10) VDB 

(GC) 

CTTGTTAACCAGCTTTGCCAGTTCC[G/T]T

GGGTGTGGCATCAGGCAATTTTGC 

rs2060793(C-2958431_10) CYP2R1 ATATTGGGCCCACCTGGATAATCCC[A/G]

ACTCAAAGATCAGCTGATTAGCCCT 

rs10500804 (C_2958429_10) CYP2R1 ACTCCTTAGGAGCAGTGATTTCATC[G/T]T

TTTCATCTTTGAATCCTTACACAG 

rs10766197 (C-2958435_10) CYP2R1 CCAGTTAATTAGAGATCTTTAAACT[A/G]

TGCCAAGATACAGAAAGGACCAAGC 

rs731236 (C-2404008) VDR TGGACAGGCGGTCCTGGATGGCCTC[A/G]

ATCAGCGCGGCGTCCTGCACCCCAG 

rs2228570 (C-12060045_20) VDR GGAAGTGCTGGCCGCCATTGCCTCC[A/G]

TCCCTGTAAGAACAGCAAGCAGGCC 

rs1544410 (C_8716062_10) VDR GAGCAGAGCCTGAGTATTGGGAATG[C/T]

GCAGGCCTGTCTGTGGCCCCAGGAA 
Assay ID; ID for TaqMan alleleic probe assay, VDB; Vitamin D binding protein, CYP2R1; 25hydroxylase, VDR; Vitamin D receptor 

 

Vitamin D binding (VDB) protein assay 

VDB protein assay was done by using Duoset ELISA kit by R&D systems. All 

instructions provided by the manufacturer were followed. ELISA plates were prepared one 

day before running the VDB assay. 

Plate preparation 

Capture antibody was diluted to the working concentration in PBS (One vial of 

capture antibody was provided with kit, when reconstituted with 1 mL of PBS the 

concentration of capture antibody was 720 µg/mL; after reconstitution antibody was stored at 
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2-8 °C for 60 days). The working concentration of diluted captured antibody (4 µg/mL in 

PBS) was prepared and without any further delay 100 µL was coated in each well of 

microplate. Plate was sealed and incubated at room temperature for overnight. After 

incubation each well was aspirated and washed three times with washing buffer (complete 

removal of excess washing solution at every step is required to get good results). After 

washing, any remaining wash buffer was completely removed. Plates were blocked by the 

addition of 300 µL of reagent diluent in every well. Plates were incubated at least for an hour 

at room temperature. Washing was repeated as described above. The plates were now ready 

for sample addition. 

Preparation of standards 

Mother stock of DBP standard was prepared by adding 0.5 mL of reagent diluents in 

to the lyophilized standard vial provided with kit, this vial contains 120 ng/mL of DBP. 

Standard was allowed to sit for 15 minutes with gentle agitation prior to making dilutions. 

Reconstituted standards were stored at 2-8ºC. A seven point standard curve with using 2 fold 

serial dilutions was prepared; the highest standard concentration was 10,000 pg/mL.  

  Sample  

Serum sample was diluted in 30% fetal calf serum (FCS) in PBS (this dilution was 

established after spike and recovery test). A suggested 2000 fold dilution was achieved by 

adding 5 µL of neat sample in 795 µL of sample diluent (30% FCS in PBS) followed by 5 µL 

of first dilution in 795 µL of sample diluents, 20 µL of second diluent was added in 140 µL 

of sample diluent. 
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Procedure 

In a 96 well plate, 100 µL of diluted sample or standards was added and plate was 

covered with an adhesive strip and incubated for 2 hours at room temperature. After 

incubation plate was washed as describes above (plate preparation). A 100 µL of the 

detection antibody (90 µg/mL of biotinylated mouse anti-human vitamin D BP when 

reconstituted with 1 mL of reagent diluent was provided along with Kit; reconstituted 

antibody was stored at 2-8°C for 60 days. The working concentration of 500 ng/mL was 

prepared every time before use by diluting it in reagent diluents) was added to each well. 

Plate was covered and incubated for another 2 hours at room temperature. Washing was 

repeated after incubation and 100 µL of the working dilution of Streptavidin-HRP (1mL of 

streptavidine conjugated with horse reddish peroxidase was provided, that was diluted with 

reagent diluents making a final dilution of 1:200) was added to each well; plate was covered 

and incubated) for 20 minutes at room temperature. Washing was repeated after incubation 

and 100 µL of substrate solution (equal volume of substrate A and substrate B) was added to 

each well. Plate was incubated for another 20 minutes at room temperature and the 50 µL of 

stop solution (2N H2SO4) was added to each well to stop the reaction. The plate was gently 

tapped to ensure thorough mixing. Optical density of each well was determined immediately, 

using a microplate reader set to 450 nm and wavelength correction at 570 nm or 540 nm.  

Spike and recovery test for the validity of VDB assay 

Spike and recovery test of Vitamin D binding protein assay was done to establish the 

validity of test as described by manufacturer.  
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Spiking stock 

To make spiking stock, 1 mg lyophilised DBP was dissolved in 100 µL of dH2O, to 

yield stock solution of 10 mg/mL. 

Preparation of samples 

Three tubes were prepared and labelled as neat, control and spike sample. 

1. Neat serum = 485 µL of serum sample 

2. Spiked serum = 485 µL of serum sample + 15 µL of DBP stock solution (containing 300 

µg DBP)  

3. Control = 485 µL of standard curve diluent + 15 µL of DBP stock solution (containing 

300 µg DBP)  

Sample from each tube was then diluted 200,000 times (5 µL in 5 mL 10%, 30% and 

50% FCS, followed by 5 µL in 1 mL of 10%, 30% and 50% FCS) to yield 1:1 neat serum, 

spiked serum and spiked control. Each of these was then diluted 1:2, 1:4 and 1:8 to test 

linearity. VDB ELISA assay was run for these neat, spike and control samples and from 

calculation the validity of test was established. 

Serum albumin estimation 

Serum albumin was done on ARCHITECT CI8200 analyzer (Abbott Diagnostics). 

Calculation of free and bioavailable vitamin D 

 Free and bioavailable vitamin D was calculated from serum albumin, DBP and total 

25(OH) D levels. For this calculation we used equations adapted from Vermeulen et al. 

(1999) and also cited by Powe et al. (2011). See appendix 2. 
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Vitamin D metabolites 

Of 260 cases and 112 TB controls, 70 samples were selected (one to one case control 

match) for the analysis of vitamin D metabolites. Serum 25(OH) D, 1, 25(OH) 2D, 4, 25(OH) 

2D and 24R, 25(OH) 2D were analyzed by LC-MS spectrophotometry, samples were sent to 

Washington University, Seattle USA for this analysis. 

Sample size and statistical analysis  

The study was prospectively powered to estimate prevalence of profound vitamin D 

deficiency in the studied population with a 5% error margin at the 95% confidence level, 

using published algorithms (Lwanga and Lemeshow, 1991). Assuming an expected 

frequency of 79% (Talat et al., 2010) we calculated that a total of n=253 participants would 

need to be recruited. 

Statistical analysis was done by STATA IC (version 12), SPSS (version 20), and 

Graphpad prism was used to draw figures. Descriptive statistics was done to calculate 

percentages. Hardy weingberg equilibrium was calculated to see allelic frequencies.  

Median vitamin D level was compared in study groups by ANOVA, and independent 

t test was run. Univariate analysis of association of vitamin D deficiency was done by chi 

square test, those found P<0.1 on univariate analysis were considered for multivariate 

analysis. 

To determine the influence of vitamin D on time to sputum conversion, date of 

sputum smear conversion was estimated as the midpoint between the date of the last positive 

sputum smear and the date of the first negative sputum smear thereafter. Time to sputum 

smear conversion was calculated as the number of days from the date on which 

antituberculous treatment was initiated to the estimated date of sputum smear conversion. 
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Univariate analysis of associations between potential determinants of vitamin D status and 

risk of profound vitamin D deficiency was done using chi square tests; those found to 

associate with P<0.1 on univariate analysis were included in multivariate analysis, which was 

done with binary logistic regression. Analysis of determinants of time to sputum smear 

conversion was done using Cox regression. Sub-group analyses to test for gene-environment 

interactions were performed by Cox regression with the inclusion of interaction terms 

between genotype and vitamin D status (25[OH] D < 25 nmol/L vs. ≥ 25 nmol/L); for these 

analyses, the Benjamini-Hochberg procedure for multiple testing correction was applied to 

control the false discovery rate with a q value threshold of 0.2 (Benjamini and Hochberg, 

1995). For all analyses, the influence of potential genetic determinants on dependent 

variables was assessed using additive models. Interaction effects were summarised as a ratio 

of hazard ratios with 95% confidence interval and P-value. Statistical significance was 

assumed where P<0.05. 

Chi square test was run to establish any association of VDB, free vitamin D and 

bioavailable vitamin D with pulmonary TB. Correlation of these three with serum25 (OH) D 

was also observed. 

In order to explore the accuracy with which hypocalcaemia or increased serum 

alkaline phosphatase concentration could be used to identify participants with vitamin D 

deficiency, we calculated the sensitivity and specificity of hypocalcaemia (≤9.5 mg/dL) and 

raised alkaline phosphatase concentration (≥280 IU/L) for identification of serum 25(OH)D 

concentration <50 nmol/L in control group.  
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RESULTS 

 

Participant’s enrollment and follow up  

 A total of 300 newly diagnosed pulmonary TB patients were recruited from Gulab 

Devi Chest Hospital, Lahore, from August, 2012 to November, 2013. All the participants 

included in this study were sputum smear positive for AFB and fulfilled the study inclusion 

criteria. Of these 300 patients 40 were excluded from the analyses; exclusion was done due to 

post treatment sampling and some samples were seropositive for hepatitis B, C or hemolyzed 

and final analyses was done on 260 blood samples of PTB patients. Patients were followed 

up after every two weeks. Of the remaining 260 patients we were unable to follow up 10 

patients and 2 were died during this study period. CONSORT flow diagram (Fig. 4) showed 

the number of samples included in the study and follow up of all the participants. 

A total of 112 TB contacts (age matched with cases) and 140 healthy adults (age matched 

with cases) were selected.  

Demographic and clinical characteristics 

In this study the mean age of patient was 31.6 years (Standard deviation 10.5, range 

from 14 to 55 years), and 140 patients were female. Of the total 260 patients, 137 were 

recruited in summer season (April, May, June, July, August, and September) and 123 patients 

were enrolled in winter season (October, November, December, January, February, and 

March). The patients were divided in two categories with the help of incharge medical unit 

on the basis of extension of radiological lesion; either unilateral or bilateral. On chest 

radiograph 144 patients had unilateral disease. Seventy-two patients (28%) fulfilled hospital 

criteria for performing drug sensitivity testing, of whom 56 (78%) had fully-sensitive disease 
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and 16 (22%) had MDR TB and 188 patients had undetermined drug sensitivity (considered 

to be in the category of DS-TB). The demographic characteristics of both cases and control 

group and association to tuberculosis are presented in table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: CONSORT flow diagram: Participant enrollment and follow up. 
 

N=260 enrolled 

  40 excluded: 
 26 excluded due to post 

treatment sampling  
  14 due to hemolysed serum 

samples 

300 newly-diagnosed Pulmonary TB patients assessed for 
 

N=253 attending 2-week follow-up 

N=249 attending 4-week follow-up 

N=248 attending 6-week follow-up 

N=248 attending 2-week follow-up 

6 lost to follow up  
1 died 

 3 lost to follow-up 
 1 died 

 1 lost to follow up 
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Table 2: Sociodemographic and clinical characteristics of all participants. 

  TB cases 
n=260 

TB 
contacts 
n=112 

1Controls 
n=140 

P-value 

Age Mean age, years ±s.d. 31.6 ±10.5 30.60±9.3 30.50±11.2 - 
Age range, years 14 to 55 16-56 18-58 - 
≥30 years 124 (48%) 50 (45%) 68 (48%) 0.80 
<30 years 136 (52%) 52 (55%) 72 (51%) 

Sex Male, N (%) 120 (46%) 58 (52%) 76 (54%) 0.26 
Female, N (%) 140 (54%) 54 (48%) 64 (46%) 

Monthly 
income 

2Lower, N (%) 177 (68%)  70 (62%) 82 (59%) 0.01 
3Middle, N (%) 83 (32%) 42 (38%) 58 (41%) 

Month of 
recruitment 

April - September, N 
(%) 

137 (53%) 59 (53%) 79 (56%) 0.75 

October - March, N (%) 123 (47%) 53 (47%) 61 (44%) 
Sensitivity 
profile 

4Fully-sensitive 56 (22%)  NA NA  
5Multidrug-resistant 16 (6%) - -  
Undetermined 188 (72%) - -  

Extent of 
disease 

Unilateral 144 (55%) NA NA  
Bilateral 116 (45%) - -  

Sputum 
smear 

1-99 AFB per 100 HPFs 177 (68%) NA NA  
≥100 AFB per 100 HPFs 83 (32%) - -  

NA, Not applicable; AFB, Acid fast bacilli; 1Controls, Healthy controls from general population; 2Lower, 
Monthly income<10,000 PKR; 3Middle, Monthly income ≥10,000 PKR; 4Fully sensitive, DS-TB 
patients; 5Multidrug resistance, resistant to Rifampcin and isonizied.  
 
 
Serum Vitamin D level in studied groups 

   Serum 25 (OH) D level was compared among TB cases, TB contacts and adults from 

general population. A significant difference in vitamin D level among TB cases and healthy 

controls (TB contacts and controls from general population) was observed. Mean serum 

25(OH) D was very low in TB cases (27.33 nmol/L) while it was (44.30 nmol/L) in control 

group (Table 3).  

Profound deficiency of baseline vitamin D was observed in TB patients: median 

25(OH)D concentration was 23.3 nmol/L (inter-quartile range 16.0 nmol/L to 34.0 nmol/L); 

140 patients (54%) had serum 25(OH)D level below 25 nmol/L, 97 patients (37%) had 

25(OH)D level 25-49.9 nmol/L, 17 patients (7%) had 25(OH)D level 50-74.9 nmol/L, only 6 
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patients (2%) had baseline 25(OH)D level  ≥75 nmol/L. The difference in serum 25(OH) D 

level among cases and controls has also been represented in figure 5.  

Table 3: Serum vitamin D status in TB cases (N=260), controls (TB contacts) (N=112) and   
controls from general population (N=140). 

 
 TB cases TB contacts Control from 

general population 
P-value 

Serum 25(OH) D 
(nmol/L) 
Mean ± s.d 

27.33±15.38 44.30±41.51 43.27±25.61   
<0.001 

25(OH)D IQR 
(nmol/L) 

6-92 12-180 14-158 - 

<25 nmol/L, N (%) 140 (54%) 46 (41%) 42 (30%) - 
25-49.9 nmol/L, N 
(%) 

97 (37%) 32 (29%) 39 (28%) - 

50-74.9 nmol/L, N 
(%) 

17 (7%) 20 (18%) 34 (23%) - 

≥ 75 nmol/L, N (%) 6 (2%) 14 (12%) 25 (18%) - 
s.d, standard deviation; IQR, inter quartile range 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 5: Vitamin D status in the studied group: median 25(OH) D with interquartile range 

in   TB cases, contacts of TB patients and controls from general population.
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Genotyping of studied group 

 Real time PCR of all extracted and quantified DNA samples was run. The SDS 

software was used to generate graphs of allelic discrimination (the allelic discrimination plot) 

that contrasts reporter dye fluorescence. The figure 6 demonstrates the components of the 

allelic discrimination plot.  

From SDS software the graphs were generated and allelic frequencies were calculated 

for our all studied SNPs. Table 4 represents allelic frequencies of all studied SNPs. Hardy 

Weinberg equilibrium test for all SNPs was done and it was found that all allele frequencies 

were under Hardy Weinberg equilibrium. 

 

 
Figure 6: TaqMan assay and allelic discremination scatter plot. 
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Table 4: Allelic frequencies and Hardy Weingberg equation for all SNPs. 

Assay ID SNP 
Allele 
1 Freq 

Allele 
2 Freq 

1/1 
Freq 

1/2 
Freq 

2/2 
Freq 

Chi-
Squared 

P-
Value 

CYP2R1-
C_2958429_10 rs10500804 0.51 0.49 0.267 0.487 0.246 0.267 0.605 
CYP2R1-
C_2958431_10 rs2060793 0.289 0.711 0.083 0.413 0.505 0.009 0.924 
CYP2R1-
C_2958435_10 rs10766197 0.49 0.51 0.238 0.505 0.258 0.04 0.841 
GC-
C_3133594_30 rs7041 0.466 0.534 0.229 0.475 0.296 0.91 0.34 
GC-
C_8278879_10 rs4588 0.688 0.312 0.48 0.417 0.103 0.35 0.554 
VDR-
C_12060045_20 rs2228570 0.241 0.759 0.064 0.353 0.583 0.558 0.455 
VDR-
C_2404008_10 rs731236 0.622 0.378 0.382 0.481 0.137 0.219 0.64 
VDR-
C_8716062_10 rs1544410 0.515 0.485 0.253 0.522 0.224 0.933 0.334 
Assay ID for Taqman allelic assay 

 

Genotypic and allelic frequencies distribution of VDR, CYP2R1 and VDB in TB cases 

and TB contacts 

 

In the present investigation we studied polymorphism of VDR, CYP2R1 and VDB in 

TB patients and compared genotype of each SNP with control group; however genotype 

samples obtained from general population in this analysis were not included and only 

comparative analysis among patients and contacts was done. Samples of a risk group in 

general community (female group) was done and results are presented in the end of this 

section. Results of regression analysis showed no significant association between any 

genotype of VDR (rs7312236, rs154410 and rs228570), VDB (rs7041 and rs4588) and 

CYP2R1 (rs10500804, rs2060793and rs10766197) adjusted for socioeconomic status and 

vitamin D status. Results of genotypic frequencies are presented in table 5. Allelic frequency 
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of each SNP was also calculated in TB cases and control group and no significant association 

was found (Table 6). 

Table 5: Association between vitamin D pathway genotype and susceptibility to active 

tuberculosis. 

SNP Genotype TB Cases, n (%) TB contacts, n (%) 1aOR (95%CI) P-value 
rs7312236,VDR  AA 84/230 (37%) 42/100 (42%) Ref - 
 AG/GG 146/230 (63%) 58/100 (58%) 1.22(0.75-1.98) 0.42 
rs154410,VDR CC 53/235 (23%) 29/106 (27%) Ref - 
 CT/TT 182/235 (77%) 77/106 (73%) 1.23(0.71-2.09) 0.45 
rs228570,VDR GG 137/235 (59%) 68/107 (64%) Ref - 
 GA/AA 98/235 (41%) 39/107 (36%) 1.89(0.80-2.10) 0.28 
rs7041,VDB AA 55/232 (24%) 21/102 (21%) Ref - 
 AC/CC 177/232 (76%) 81/102 (79%) 0.77(0.43-1.39) 0.39 
rs4588,VDB GG 122/234 (52%) 50/107 (47%) Ref - 
 GT/TT 112/234 (48%) 57/107 (53%) 0.93(0.58-1.49) 0.77 
rs10500804,CYP2R1 GG 59/231 (26%) 22/103 (22%) Ref - 
 GT/TT 172/231 (74%) 81/103 (78%) 0.83(0.47-1.47)  0.53 
rs2060793,CYP2R1 GG 112/228 (49%) 51/101 (50%) Ref - 
 AG/AA 116/228 (51%) 50/101 (50%) 0.91(0.56-1.48) 0.72 

rs10766197,CYP2R1 AA 52/232 (23%) 19/104 (18%) Ref - 
 AG/GG 180/232 (77%) 85/104 (82%) 0.68(0.37-1.26) 0.23 
aOR, Odd ratios adjusted for monthly income and vitamin D status; Ref , Reference category; VDR, Vitamin D receptor; CYP2R1, Vitamin 
D 25-hydroxylase; VDB, Vitamin D binding protein. 
 

Table 6: Allelic frequency in TB cases and TB contacts. 
SNP Allele TB Cases,  

n (%) 
TB contacts, 
n (%) 

OR (95%CI) P-value 

rs7312236,VDR A 201/347 (58%) 83/141 (59%) Ref - 
 G 146/347 (42%) 58/141 (41%) 0.75(0.51-1.10) 0.15 
rs154410,VDR C 181/362 (50%) 83/160 (52%) Ref - 
 T 181/362 (50%) 77/160 (48%) 1.10(0.74-1.56) 0.74 
rs228570,VDR G 220/318 (69%) 102/141(72%) Ref - 
 A 98/318 (31%) 39/141 (28%) 1.16(0.75-1.80) 0.50 
rs7041,VDB A 161/338 (48%) 67/148 (45%) Ref - 
 C 177/338 (52%) 81/148 (55%) 0.90(0.61-1.34) 0.63 
rs4588,VDB G 213/325 (65%) 98/155 (63%) Ref - 
 T 112/325 (35%) 57/155 (37%) 0.90(0.61-1.35) 0.62 
rs10500804,CYP2R1 G 179/351 (51%) 75/156 (48%) Ref - 
 T 172/351 (49%) 81/156 (52%) 0.88 0.61-1.30) 0.54 
rs2060793,CYP2R1 G 218/334 (65%) 91/141 (65%) Ref - 
 A 116/334 (35%) 50/141 (35%) 0.96(0.64-1.46) 0.88 
rs10766197,CYP2R1 A 176/356 (49%) 74/159 (46%) Ref) - 
 G 180/356 (50%) 85/159 (53%) 0.89(0.61-1.35) 0.54 
OR, Odd ratio; Ref , Reference category; VDR, Vitamin D receptor; CYP2R1, Vitamin D 25-hydroxylase; VDB, Vitamin D 
binding protein 



46 
 

Association of vitamin D status and genotype of studied group 

  Mean 25(OH) D was compared among different genotypes of studied SNPs. Results 

of T-test indicate difference in mean values of serum 25(OH) D which differed among 

different genotype (Table 7).  

Results of regression analysis showed SNPs (rs7041 and rs4588) of VDB and Bsm of 

VDR have borderline significant association with 25(OH) D level. For rs4588, DBP subjects 

with minor allele had trend of high level of serum 25(OH) D with mean 25(OH) D 33.09 ± 

56.41. In rs7041 subjects with genotype AA had high levels of vitamin D although this 

association is of borderline significance. A borderline significant P value was also observed 

for subjects with GG (major allele) genotype had low level of vitamin D levels. Subjects with 

CC genotype of Bsm had significantly more vitamin D deficiency (Fig. 7). 
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Table 7: Association of genotype and serum 25(OH) D status in study group                                  

(both cases and contacts). 

 

SNP Genotype 1Mean serum 

25(OH) D ± S.D 

Serum 25(OH)D 

<25nmol/L 

OR (95%CI) 2P-

value 

rs7312236, 

VDR 

 AA 32.34± 20.80 58/126 (46%) 1.5(0.77-3.0) 0.22 

AG 31.37± 30.70 86/158 (54%) 1.08(0.56-2.10) 0.80 

GG 35.28± 36.47 26/46 (56%) Ref - 

rs154410, 

VDR 

CC 33.82± 21.32 35/82 (43%) 1.79(0.95-3.33) 0.06* 

CT 30.36± 20.35 96/182 (53%) 1.19(0.69-2.04) 0.51 

TT 36.14± 45.04 44/77 (57%) Ref - 

rs228570, 

VDR 

GG 33.66± 31.42 104/205 (51%) 0.97(0.38-2.43) 0.95 

GA 31.0 ± 21.94 61/117 (52%) 0.91(0.35-2.37) 0.86 

AA 32.13 ± 26 10/20 (50%) Ref - 

rs7041, 

DBP 

AA 32.05± 40.62 45/76 (60%) 0.57(0.31-1.03) 0.06* 

AC 33.63± 26.50 78/152 (51%) 0.78(0.47-1.29) 0.34 

CC 31.82± 19.05 48/106 (45%) Ref - 

rs4588, 

DBP 

GG 30.49 ± 18.6 85/172 (49%) 2.38(1.03-5.51) 0.04* 

GT 34.61± 28.78 70/139 (50%) 2.30(0.98-5.31) 0.05* 

TT 33.09± 56.41 21/30 (70%) Ref - 

rs10500804

,CYP2R1 

GG 33.70± 37.65 44/81 (54%) 0.72(0.38-1.34) 0.30 

GT 31.78± 24.50 89/173 (51%) 0.81(0.47-1.38) 0.44 

TT 33.34± 24.60 37/80 (46%) Ref - 

rs2060793, 

CYP2R1 

GG 33.06± 31.26 80/163 (49%) 1.26(0.49-3.23) 0.61 

AG 32.13± 26.21 81/146 (55%) 0.98(0.38-2.50) 0.96 

AA 26.68± 13.40 11/20 (55%) Ref - 

rs10766197

, CYP2R1 

AA 36.01± 40.44 36/71 (51%) 0.88(0.47-1.66) 0.70 

AG 30.93± 23.95 96/179 (54%) 0.78(0.47-1.32) 0.36 

GG 33.02± 24.18 41/86 (48%) Ref - 
1 Results of T-test; 2 Results of regression analysis; Ref, Reference category; * P-value with border line 

significance. 
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Figure 7: Genotype association with lower levels of serum 25(OH) D (median with 

interquartile range). 

 

Association between host genotype and susceptibility to active TB varies according to 

vitamin D status 

Further it was also investigated whether genotype and susceptibility of tuberculosis is 

dependent upon level of vitamin D status. To see this samples were stratified in two groups 

on the basis of vitamin D level; serum 25(OH) D <20 nmol/L and the other group serum 

25(OH) D ≥ 20 nmol/L. Before using this cut off we also stratified samples using 25 nmol/L 

and no association was obtained. Among vitamin D deficient it was observed rs7312236, 

VDR and rs154410, VDR associated with susceptibility to TB when vitamin D is lower than 

20 nmol/L. In contrast, no association between CYP2R1 and VDB genotype and 

susceptibility to TB was seen (Table 8). However on interaction analysis after adjusting for 

monthly income and baseline vitamin D status this association was not more significant. 
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Table 8: Association between vitamin D deficiency and host genotype, stratified by vitamin D status. 
 
SNP  Genotype Serum 25(OH) D ≤20 nmol/L Serum 25(OH) D >20 nmol/L   

  TB cases Control OR(95%CI) P-

value 

TB cases Control OR(95%CI) P-

value 

1aOR P 

interact

ion 

rs7312236  AA 30/102(29%) 12/24(50%) Ref - 54/128(42%) 30/76(40%) Ref - Ref - 

 AG/GG 72/102(71%) 12/24(50%) 2.40(0.96-5.94) 0.05 74/128(58%) 46/76(60%) 0.89(0.50-1.59) 0.70 1.65(0.59-4.58) 0.33 

rs154410 CC 16/105(15%) 8/25(32%) Ref - 37/130(29%) 21/81(26%) Ref  Ref - 

 CT/TT 89/105(85%) 17/25(68%) 2.61(0.96-7.07) 0.05 93/130(71%) 60/81(74%) 0.88(0.47-1.64) 0.68 2.16(0.69-6.75) 0.18 

rs228570 GG 60/105(57%) 13/25(52%) Ref - 77/130(59%) 55/82(67%) Ref  Ref - 

 GA/AA 45/105(43%) 12/25(48%) 0.81(0.33-1.94) 0.64 53/130(41%) 27/82(33%) 1.40(0.78-2.5) 0.25 0.48(0.17-1.29) 0.14 

rs10500804 GG 27/102(26%) 6/23(26%) Ref - 32/129(25%) 16/80(20%) Ref  Ref - 

 GT/TT 75/102(74%) 17/23(74%) 0.98(0.35-2.74) 0.97 97/129(75%) 64/80(80%) 0.75(0.38-1.49) 0.42 1.51(0.47-4.8) 0.48 

rs2060793 GG 48/104(46%) 11/22(50%) Ref - 64/124(52%) 40/79(51%) Ref  Ref - 

 AG/AA 56/104(54%) 11/22(50%) 1.16(0.46-2.92) 0.74 60/124(48%) 39/79(49%) 0.96(0.54-1.69) 0.89 1.02(0.37-2.78) 0.96 

rs10766197 AA 23/104(22%) 4/23(17%) Ref - 29/128(23%) 15/81(19%) Ref  Ref - 

 AG/GG 81/104(78%) 19/23(83%) 0.74(0.22-2.39) 0.60 99/128(77%) 66/81(81%) 0.77(0.38-1.55) 0.47 1.25(0.35-4.45) 0.72 

rs7041 AA 27/104(52%) 4/23(43.5%) Ref - 26/133(20%) 19/74(47%) Ref  Ref - 

 AC/CC 77/10(35%) 19/23(43.5%) 0.60(0.18-1.9) 0.39 107/133(80

%) 

55/74(45%) 1.42(0.72-2.79) 0.30 1.15(0.34-3.88) 0.81 

rs4588 GG 55/105(52%) 10/24(42%) Ref - 68/135(50%) 38/76(50%) Ref - Ref - 

 GT/TT 50/105(48%) 14/24(58%) 0.64(0.26-1.59) 0.34 67/135(50%) 38/76(50%) 0.98(0.56-1.72) 0.95 0.93(0.35-2.48) 0.89 
1Adjusted for socioeconomic status and vitamin D status. 
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Comparison of vitamin D level among different groups of tuberculosis 
 

Relation of serum 25 (OH) D status with gender of TB patients 

 Baseline vitamin D status was compared in male and female TB patients; it was found 

that none of the female patient had satisfactory level of 25(OH) D, majority of the female 

(65% of total female patients) had more deficiency of vitamin D < 25 nmol/L, 29% had 

vitamin D level in 25-49.9 nmol/L, while a small proportion 5% had insufficient level. 

However in male TB patients 5% of the total had satisfactory level of 25(OH)D only, 7% had 

levels in between 50-74.9 nmo/L, 46% of the total male patients had lower values then 50 

nmol/L but higher to 25 nmol/L and 40 % of the male patients had severe deficiency of 

25(OH)D (Fig. 8). On Chi square test a significant p value was obtained (P≤0.01). 

 

Figure 8: Baseline 25(OH) D status in TB patients   Male vs. Female (P≤ 0.01). 
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Relation of serum 25(OH) D with age of TB patients 

 Baseline vitamin D status was compared in different age group of TB patients and  

difference of vitamin D level in both groups was not statistical significant, P value was 0.78 

(Fig. 9). 

 

 
Figure 9: Baseline 25(OH) D status and age of TB patients (P=0.78). 

 

Relation of serum 25(OH) D with season of recruitment of TB patients 

 Our results indicate that baseline vitamin D level vary with season of enrollment, in 

summer season patients had greater level of vitamin D whereas in winter patients had lower 

values of 25(OH)D. In winter season 60% of the enrolled patients had severe vitamin D 

deficiency <25 nmol/L, 35% had level of vitamin D 25-49.9 nmol/L , 5% had insufficiency 

of 25(OH)D level ranging from 50-74.9 nmol/L and none of them had satisfactory level of 

vitamin D (Fig. 10). 
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Figure 10: Baseline 25(OH) D status and season of recruitment in TB patients (p=0.02). 

 

Relation of serum 25(OH) D with socioeconomic status of TB patients 

Level of vitamin D was compared in patients from different socioeconomic group and 

no significant difference was observed. People from lower class or middle class had almost 

similar kind of values (Fig. 11). 

 
Figure 11: Baseline 25(OH) D status and socioeconomic status in TB patients (P=0.78). 
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Relation of serum 25(OH) D with radiological extent of disease in TB patients 

            A significant difference in levels of vitamin D was observed depending upon the 

radiological extent of TB in our patients. Patients with bilateral extent of lesion had lower 

levels of vitamin D in comparison with patients with unilateral lesion of TB with a 

significant P value 0.04 (Fig. 12). 

 
Figure 12: Baseline 25(OH) D status and extent of disease in TB patients (P=0.04). 

 

Relation of serum 25(OH) D and bacillary load in sputum smear 

 When number of AFB in sputum smear of these patients was related with level of 

vitamin D; there was no significant difference observed in both categories. As shown in 

figure 13, 56% of the patients with ≥100 AFB/HPF had severe vitamin D deficiency (<25 

nmol/L), 32 % had level in between 25-49.9 nmol/L , 7% had levels between 50-74.9 nmol/L 

and 3% had satisfactory level of vitamin D ≥75 nmol/L. Chi square test showed non-

significant P value. 

 

0%

10%

20%

30%

40%

50%

60%

70%

25(OH)D
<25nmol/L

25(OH)D 25-
49.9nmol/L

25(OH)D 50-74.9
nmol/L

25(OH)D ≥ 
75nmol/L 

N
um

be
r o

f c
as

es
 

Unilateral

Bilateral



54 
 

 
Figure 13: Baseline 25 (OH) D status and bacillary load in sputum smear examination of TB       

patients (P=0.61). 

 

Determinants of vitamin D deficiency in TB patients 

To see the determinants of vitamin D deficiency in TB patients regression analysis 

was performed by using SPSS software, the cut off value used in this analyses was <25 

nmol/L. Table 9 represents the statistical relationship between vitamin D deficiency and 

social and genetic determinants.  
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bilateral disease (adjusted OR 1.89, 95% CI 1.49 to 4.52, P=0.025). Although BsmI 

0%

10%

20%

30%

40%

50%

60%

70%

25(OH)D
<25nmol/L

25(OH)D 25-
49.9 nmol/L

25(OH)D 50-
74.9 nmol/L

25(OH)D ≥ 75 
nmol/L 

N
um

be
r o

f c
as

es
 

1-99 AFB/HPF

≥100 AFB/HPF 



55 
 

(rs1544410) showed association in univariate analysis but when adjusted it has P value 0.054 

that is on borderline significance. 

Serum 25 (OH) D levels concentration by sex, radiological extent of diseases and 

season of recruitment has been shown in figure 14. These independent factors have 

significant association with status of 25(OH) D in TB patients.  
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Table 9: Determinants of baseline Vitamin D status (n=260). 
     Univariate Multivariate 
   N 25(OH) D <25 

nmol/L, N (%) 
OR (95%CI) P Adjusted OR (95% CI)1 P 

Phenotypic 
characteristics 

Sex Male 120 49 (41%) Ref  Ref  
Female 140 91 (65%) 2.67(1.62 to 2.45) <0.001 2.60(1.50 to 4.52) 0.001 

Season of recruitment Summer 137 66 (48%) Ref  Ref  
Winter 123 74 (60%) 1.62 (0.99 to 2.65) 0.053 1.75(1.00 to 3.04) 0.047 

Socioeconomic status2 Lower 177 96 (54%) Ref    
Higher 83 44 (53%) 0.95 (0.56 to 1.60) 0.85 - - 

Extent of disease Unilateral 144 67 (46%) Ref  Ref  
Bilateral 116 73 (63%) 1.95 (1.18 to 3.21) 0.009 1.89 (1.49 to 4.52) 0.025 

Sputum smear 1-99 AFB per 100 
HPF 

106 53 (50%) Ref    

≥100 AFB per 100 
HPF 

154 87 (56%) 0.74 (0.45 to 1.22) 0.24 - - 

Age <30 years 124 67 (54%) Ref    
≥30  years 136 73 (54%) 0.98 (0.60 to 1.60) 0.95 - - 

Genotypic 
characteristics 

rs731236, VDR AA 83 38 (46%) Ref 0.14   
AG 115 67 (58%) 1.65 (0.93 to 2.92)  - - 

GG 27 17 (63%) 2.01 (0.82 to 4.91)  - - 
rs1544410,VDR CC 53 23 (43%) Ref 0.098   

CT 128 74 (58%) 1.78 (0.94 to 3.41)   1.66(0.84 to 3.28) 0.14 
TT 54 34 (63%) 2.21 (1.02 to 4.81)   2.23(0.98 to 5.05) 0.054 

rs2228570,VDR GG 137 76 (55%) Ref 0.96   
GA 83 47 (57%) 1.04 (0.60 to 1.81)  - - 
AA 15 8 (53%) 0.92 (0.31 to 2.67)  - - 

rs2060793, CYP2R1 GG 112 62 (55%) Ref 0.81   
AG 106 62 (58%) 0.80 (0.22 to 2.94)  - - 
AA 10 5 (50%) 1.13 (0.66 to 1.94)  - - 

rs10500804, CYP2R1 GG 59 34 (58%) Ref 0.34   
GT 120 69 (58%) 0.99 (0.53 to 1.87)  - - 
TT 52 24 (46%) 0.63 (0.29 to 1.33)  - - 

rs10766197, CYP2R1 AA 52 29 (56%) Ref 0.60   
AG 124 72 (58%) 1.18 (0.57 to 2.11)  - - 
GG 56 28 (50%) 0.84 (0.37 to 1.72)  - - 

rs7041, DBP AA 55 34 (62%) Ref 0.57   
AC 106 57 (54%) 0.72 (0.37 to 1.47)  - - 
CC 71 38 (54%) 0.71 (0.34 to 1.45)  - - 

rs4588,DBP  GG 122 66 (54%) Ref 0.14   
GT 91 49 (54%) 0.99 (0.57 to 1.70)  - - 
TT 21 16 (76%) 2.71 (0.93 to 7.88)  - - 

25(OH) D, 25-hydroxyvitamin D; OR, odds ratio; Ref, referent category. AFB, acid-fast bacilli; HPF, high-power fields; VDR, vitamin D receptor; CYP2R1, vitamin D 25-hydroxylase; DBP, vitamin D 
binding protein. 1, adjusted for sex, season of recruitment, extent of disease and rs1544410 genotype. 2, lower socioeconomic status indicated by patient being in receipt of financial aid for hospital 
costs.  
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Figure 14:  Serum 25-hydroxy vitamin D concentration for n=260 study participants by sex (A), extent of disease (B) and season 

(C). P values from binary logistic regression adjusted for sex, extent of disease and season of enrolment. 
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Influence of vitamin D deficiency and genotype on response of 

antituberculous treatment 

Vitamin D deficiency and sputum smear conversion in pulmonary TB patients 

 Patients were followed up after every two weeks and at each time point sputum 

examination was done to see response of patients towards anti TB treatment. Time of sputum 

smear conversion was calculated as explained earlier in method section and effect of 

phenotypic and genotypic determinants on conversion time is presented in table 10. 

Our results of multivariate analysis revealed that there is an independent association 

between profound 25(OH)D deficiency and delayed sputum smear conversion; in vitamin D 

deficient patients adjusted HR is 4.36, 95% CI 3.25 to 6.65 and P<0.001. Other significant 

determinant found was type of tuberculosis. Isolation of multidrug resistant M.tuberculosis 

also delayed sputum smear conversion time adjusted HR is 3.35, 95%CI 1.71-6.54 and 

P<0.01 (Fig. 15). No significant association between delayed sputum smear conversion time 

and extent of radiographic lesions, socioeconomic status, bacillary load and any other 

polymorphism was found in the studied group. 

In order to investigate the possibility that the presence of undiagnosed MDR-TB may 

have confounded the relationship between low baseline vitamin D status and delayed sputum 

culture conversion, the multivariate Cox regression analysis of determinants of time to 

sputum smear conversion in the sub-group of 72 patients for whom DST results were 

available was repeated, adjusting for sex, radiological extent of disease, baseline vitamin D 

status and drug sensitivity as before. The independent association between low baseline 

vitamin D status and delayed sputum smear conversion remained strong after adjustment for 

sex, radiological extent of disease and drug sensitivity (adjusted Hazard Ratio [aHR] 4.51, 
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95% CI 1.91 to 10.70, P=0.001). The independent association between presence of MDR TB 

and delayed sputum smear conversion was also replicated in this sub-group analysis (aHR 

3.59, 95% CI 1.77 to 7.30, P<0.001). The findings of this sub-group analysis suggest that the 

association between low vitamin D status and delayed sputum smear conversion seen in the 

study population as a whole are likely to be independent of the effects of MDR TB on this 

outcome. 

 

 

 

Figure 15: Time to sputum smear conversion by baseline vitamin D status (A) and drug 

sensitivity of M. tuberculosis isolate (B). Numbers of patients with positive 

sputum smear remaining in follow-up (number at risk) at 0, 14, 28, 42 and 56 

days are shown. 
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Table 10: Determinants of time to sputum smear conversion (n=260). 
     Univariate analysis Multivariate analysis 
   N Median TTSC, days 

(IQR) 
HR (95% CI) P Adjusted HR(95%CI)1 P 

Phenotypic 
characteristics 

Sex Male 120 7.5 (7.5 - 22.5) 1.47(1.11-1.80) 0.01 1.16(0.91-1.51) 0.26 
Female 140 22.5(7.5–35) Ref - Ref - 

Socioeconomic status2 Lower 177 21(7.5–30) 0.96(0.73-1.23) 0.68 - - 
Higher 83 21 (7.5-22.5) Ref - - - 

Extent of disease Unilateral 144 7.5 (7.5-22.5) 1.38(1.07-1.78) 0.01 1.21(0.85-1.55) 0.23 
Bilateral 116 22.5 (7.5-36.5) Ref - Ref - 

Sputum smear 1-99 AFB per 100 
HPF 

106 7.5 (7.5-22.5) 0.80(0.6-1.01) 0.60 - - 

≥100 AFB per 100 
HPF 

154 22.5 (7.5-23) Ref - - - 

Age <30 years 124 21 (7.5-22.5) 1.14(0.91-1.50) 0.33 - - 
≥ 30 years 136 22 (7.5-37.5) Ref - - - 

25(OH)D <25nmol/L 140 22.5 (22.5-37.5) 4.93(3.55-6.86) <0.001 4.36(3.25-6.65) <0.001 
≥25nmol/L 120 7.5 (7.5-7.5) Ref - Ref - 

Drug sensitivity Fully-sensitive / 
unknown 

244 15 (7.5-22.5) Ref - Ref - 

 Multidrug-resistant 16 52.5 (Undefined-35) 3.92(2.12-7.24) <0.001 3.35(1.71-6.54) <0.001 
Genotypic characteristics rs731236, VDR AA 84 7.5 (7.5 -22.5) 0.87(0.71-1.06) 0.16 - - 

AG 117 21 (7.5-30) 
GG 29 22.5 (7.5-37.5) 

rs1544410,VDR CC 53 7.5 (7.5-22.5) 0.89(0.73-1.08) 0.26 - - 
CT 128 21 (7.5-35) 
TT 54 21.5 (7.5-23) 

rs2228570,VDR GG 138 15 (7.5-23) 1.04(0.84-1.28) 0.70 - - 
GA 83 22.5 (7.5-22.5) 
AA 15 7.5 (7.5-22.5) 

rs2060793,CYP2R1 AA 10 21 (7.5- 22.5) 0.88(0.69-1.11) 0.28 - - 
AG 106 21 (7.5-23) 
GG 112 21 (7.5- 23) 

rs10500804,CYP2R1 GG 59 15 (7.5- 22.5) 1.12(0.92-1.38) 0.24 - - 
GT 120 22.5 (7.5-35) 
TT 52 7.5 (7.5- 22.5) 

rs10766197,CYP2R1 AA 52 15 (7.5 -22.5) 1.13(0.92-1.38) 0.24 - - 
AG 124 22.5 (7.5-35) 
GG 56 15 (7.5 -22.5) 

rs7041,DBP AA 55 22.5 (7.5- 22.5) 1.0(0.83-1.21) 0.94 - - 
AC 106 15 (7.5-22.5) 
CC 71 7.5  (7.5 - 23) 

rs4588,DBP GG 122 21  (7.5 -23) 1.01(0.82-1.23) 0.90 - - 
GT 91 15 (7.5-22.5) 
TT 21 22.5 (15 - 22.5) 

TTSC, time to sputum smear conversion; IQR, interquartile range; HR, hazard ratio; Ref, referent category. AFB, acid-fast bacilli; HPF, high-power microscopy fields; 25(OH)D, 25-
hydroxyvitamin D; VDR, vitamin D receptor; CYP2R1, vitamin D 25-hydroxylase; DBP, vitamin D binding protein. 1, adjusted for sex, extent of disease, baseline vitamin D status and drug 
sensitivity; 2, lower socioeconomic status indicated by patient being in receipt of financial aid for hospital costs. 
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Influence of gene-environment interaction on time to sputum conversion 

Vitamin D receptor polymorphisms modify the effect of vitamin D supplementation 

on time to sputum culture conversion has been reported previously. Therefore, in this study 

we were interested to evaluate whether the strength of association between profound vitamin 

D deficiency and delayed sputum smear conversion differed according to genetic variation in 

VDR, DBP and CYP2R1. Results of the pertinent interaction analyses are presented in table 

11. Prior to correction for multiple analyses, statistically significant associations between 

profound vitamin D deficiency and delayed sputum smear conversion were found in patients 

with the GG genotype of rs2228570,VDR (adjusted HR 6.53, 95% CI 3.99 to 10.66, 

P<0.001) and in those with the GA genotype (adjusted HR 3.02, 95% CI 1.82 to 5.01, 

P<0.001) but not in those with the AA genotype (adjusted HR 4.58, 95% CI 0.56 to 37.25, 

P=0.16; P for interaction = 0.03) (Fig.16). However, this interaction did not attain statistical 

significance after correction for multiple analyses. P values for the interaction terms for all 

other genotypes were >0.05. 

 

 

 

 

 

 

 

 

 

 

Figure 16: Influence of rs2228570, VDR (FOK) genotype with low serum 25(OH) D on 
delayed sputum smear conversion in TB patients (blue line indicate 25(OH) 
D<25 nmol/L and red line for 25(OH) D≥25 nmol/L. 
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Table 11: Influence of vitamin D status on time to sputum smear conversion by genetic sub-

groups. 

 
SNP, single nucleotide polymorphism; HR, hazard ratio; 25(OH)D, 25-hydroxyvitamin D; CI, confidence interval; VDR, vitamin D 
receptor; CYP2R1, vitamin D 25-hydroxylase; DBP, vitamin D binding protein. 1, adjusted for drug sensitivity profile; 2, none of these 
were significant using a Benjamini and Hochberg procedure controlling the false discovery rate at 20%. 
 

 

 

SNP, Gene Genotype N Adjusted HR for 
25(OH)D <25 vs. 
≥25 nmol/L 
(95% CI)1 

P 
value 

HR, 
interaction 
term (95% CI) 

Pinteraction
2 

rs731236, VDR AA 84 5.87 (3.20-10.76) <0.001 0.84 
(0.56-1.24) 

0.37 
 AG 117 4.27 (2.65-6.86) <0.001 
 GG 29 5.53 (1.92-15.94) <0.001 
rs1544410,VDR CC 53 5.97 (2.73-13.04) <0.001 0.79 

(0.53-1.17) 
0.24 

 CT 128 4.45 (2.81-7.05) <0.001 
 TT 54 4.61 (2.25-9.43) <0.001 
rs2228570,VDR GG 138 6.53 (3.99-10.66) <0.001 0.61 

(0.38-0.96) 
0.03 

 GA 83 3.02 (1.82-5.01) <0.001 
 AA 15 4.58 (0.56-37.25) 0.16 
rs7041,DBP AA 55 4.81 (2.49-9.32) <0.001 1.0 

(0.69-1.45) 
0.98 

 AC 106 6.39 (3.61-11.30) <0.001 
 CC 71 3.29 (1.86-5.83) <0.001 
rs4588,DBP GG 122 3.65 (2.32-5.75) <0.001 1.09 

(0.70-1.68) 
0.69 

 GT 91 6.46 (3.60-11.59) <0.001 
 TT 21 3.92 (3.60-5.78) <0.001 
rs10500804,CYP2R1 GG 59 4.46 (2.28-8.71) <0.001 1.06 

(0.71-1.58) 
0.76 

 GT 120 4.69 (2.89-7.61) <0.001 
 TT 52 5.38 (2.35-12.31) <0.001 
rs2060793,CYP2R1 AA 10 4.47 (0.81-24.47) 0.084 0.86 

(0.54-1.36) 
0.53 

 AG 106 6.79 (3.86-11.94) <0.001 
 GG 112 4.10 (2.52-6.68) <0.001 
rs10766197,CYP2R1 AA 52 4.15 (2.08-8.29) <0.001 1.03 

(0.68-1.54) 
0.88 

 AG 124 5.12 (3.15-8.32) <0.001 
 GG 56 4.82 (2.25-10.30) <0.001 
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Vitamin D binding protein (VDB), Free and Bioavailable vitamin D and correlation 

with serum 25(OH) D 

Serum vitamin D binding protein was compared in TB cases and controls. Results 

indicate a borderline significant difference in VDB levels in both groups. Median level of 

VDB in TB cases was 354.71(interquartile range 223.5-451.2) lower than the median level of 

VDB in TB contacts was 387.1 (interquartile range 241.9-556.5). Results of VDBP in cases 

and controls have been shown in figure 17. It was also investigated any correlation between 

serum VDB and serum 25(OH) D in these samples.  

 

 

 

 

 

 

 

 

Figure 17: Serum levels of VDBP, median with interquartile range. 

       

 Free and bioavailable vitamin D was calculated from total serum 25(OH) D, VDB 

and serum albumin in cases and contacts. Results indicate that there is a significant 

difference in bioavailable vitamin D among patients and control group (Table 12). No 

significant correlation was observed between VDB level and serum 25(OH) D (r=0.204, 

P=0.08). However, negative correlation of VDB with bioavailable vitamin D was obtained 
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(r=-0.24, P=0.01). Also significant correlation was observed between serum 25 hydroxy D 

and bioavailable vitamin D (r=0.81, P=0.01). 

Table 12: VDB, free 25(OH) D and bioavailable vitamin D in TB cases and control. 

 TB cases 
 

Control P value 

VDB (µg/mL) 390.06±255.5 451.24±311.05 0.056 
Serum albumin 

(g/L) 
24.18±6.15 42.75±4.6 <0.001 

Free 25 (OH) D 
(pg/mL) 

3.0±3.07 3.7±3.2 0.10 

Bioavailable 
25(OH)D  
(ng/mL) 

0.853±1.51 1.39±1.32 0.051 

    Values represented as mean ± s.d. 

Mycobacterium dysregulate vitamin D metabolism 

Vitamin D metabolites in TB patients  

Serum 25(OH) D; 24, 25(OH) 2D3; 4b, 25(OH) 2D3 and 1, 25(OH) 2D3 were 

analyzed in 70 samples by LC Mass Spectrometery. Results of these metabolites are shown 

in table 13. 

 

Table 13: Vitamin D metabolites in pulmonary TB cases and control group. 

Metabolite TB Cases 
(n=35) 
Mean ±s.d. 

Control 
(n=35) 
Mean ±s.d. 

P-value 

25 (OH) D (nM) 25.01±12.47 35.56±17.74 0.006 
24,25 (OH) (nM) 2.05±1.4 2.84±1.77 0.03 
4b, 25 (OH) D (pM) 84.53±39.51 76.12±35.25 0.35 
1,25 (OH) D (pM) 65.13±21.17 70.97±18.84 0.22 
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Overall levels of these metabolites was reduced in TB cases in comparison with 

controls. A significant lower level of 25(OH) D was obtained. Mean level of active 

metabolite 1, 25(OH) D was also reduced in these cases. 24, 25(OH) D which is produced 

from 25(OH) D actually represent catabolic pathway of vitamin D. From these metabolites, 

the activity of enzymes involved in vitamin D metabolic pathway was calculated. Ratios 

between these metabolites was compared to get an idea about the enzyme activity in vitamin 

D pathway, however the actual enzyme activity was not measure. 

 Ratio of 4b, 25(OH) D and 25(OH) D was calculated and high ratios was observed in 

TB cases indicate high activity of CYP3A4 (Fig. 18).Ratio between 24, 25 (OH) D and 

25(OH) D was calculated and no difference was observed in cases and control (Fig. 18). 

Similarly ratio between 25(OH) D and 1, 25 (OH) D was calculated in both groups and high 

ratio was observed in TB cases. Enzyme 1 alpha hydroxylase is involved to convert 25(OH) 

D into 1, 25(OH) D (Fig. 18). Overall results indicate 4-beta hydroxylation and 1-alpha 

hydroxylation are increased, but 24-hydroxylation is not. 
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Figure 18: Serum vitamin D metabolites in TB cases (n=35) and TB contacts (n=35). A: Ratio of 4b25 (OH) D and 25(OH) D; B: 

Ratio of 24, 25(OH) D and 25(OH) D; C: Ratio of 1, 25(OH) D and 25 (OH) D.     
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Deficiency of vitamin D in adult healthy female subjects 
In our samples high prevalence of vitamin D deficiency was observed in female 

subjects. It was unlikely to observe such a dramatic low levels of serum 25 (OH) D in a sub-

tropical country like Pakistan especially when we compared control male vs female. Further 

to investigate the determinants of serum 25(OH) D among this risk group of control subjects 

we recruited 300 healthy female subjects from Lahore. After exclusion we analyzed 215 

study participants.  

Of the total 215 adult healthy female subjects the median level of vitamin D in all 

participants was 40.43 (standard deviation 34.45). Figure 19 shows the vitamin D levels in 

this group, 92 had vitamin D level lower than 25 nmol/L (43%), 64 had vitamin D from 25 to 

49.9 nmol/L (30%), 37 had vitamin D from 50-74.9 nmol/L (17%) and only 22 of total had 

vitamin D ≥75 nmol/L (10%). 

 

Figure 19: Serum 25 (OH) levels in adult healthy female subjects (N=216). 

 

43% 

30% 

17% 

10% 

<25 nmol/L 25-49.9 nmol/L 50-75 nmol/L ≥ 75 nmol/L 
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Result of social determinants associated with status of 25(OH) D cut of use (used 50 

nmol/L) are presented in table 14.  Multivariate analysis revealed independent association 

between vitamin D status and a) illiteracy (adjusted OR 4.0, 95% CI 1.03-15.52, P =0.04), b) 

sun exposure time less than 30 min per day (adjusted OR 2.13, 95%CI 1.08-4.19, P=0.02), c) 

winter season (adjusted OR 2.38, 95% CI 1.20-4.70), P=0.01) and d) lack of regular intake of 

multivitamins (adjusted OR 2.61, 95% CI 1.32-5.6, P=0.005). No significant relationship 

was found with age, marital status, socioeconomic status and place of origin. 

Considering new definition of IOM for vitamin D deficiency (less than 25 nmol/L) 

we also investigated social determinants of vitamin D deficiency using a new threshold 

value. However, in this analysis we found the same results as significant for 50 nmol/L,) a) 

education (adjusted OR 2.78, 95%CI 1.35-5.70, P =0.05), b) sun exposure time less than 30 

minutes per day (adjusted OR 2.43, 95%CI 1.30-4.60, P=0.006), c) month of recruitment 

(adjusted OR 3.35, 95%CI 1.79-6.28,  P= 0.001) and d) regular intake of multivitamins 

(adjusted OR 5.71, 95%CI 2.78-11.74, P=<0.01). Results are presented in table 15.  

We also investigated serum 25 (OH) D statuses and genotype of these female subjects 

and none of the studied SNP showed effect on level of vitamin D in adult healthy female 

subjects (Table 16).  
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Table 14:  Social determinants of 25(OH) D status in adult healthy female (n=215) vitamin D deficiency stated as 50 nmol/L 

threshold. 
Determinants  25(OH) D<50 nmol/L Univariate analysis Multivariate analysis 
   Odds ratio (95% CI) P-value  1Adjusted odds ratio (95%CI) P-value 
Age 15-30 years 90/134 (67%) Ref - Ref - 

31-45 years 66/81 (81%) 2.15(1.10-4.18) 0.02 1.63(0.74-3.58) 0.22 
Settings University students 60/92 (65%) 1.7(0.83-3.44) 0..14   

Religious institutes  45/56 (80%) 0.78(0.32-1.92) 0.60   
Employed 51/67 (76%) Ref -   

Month of recruitment January-March 85/104 (81%) 2.51(1.34-4.73) 0.004 2.38(1.20-4.70) 0.01 
April-July 71/111 (64%) Ref - Ref - 

Marital status Single 53/84 (63%) Ref - Ref - 

Married 103/131 (78%) 2.15(1.17-3.95) 0.01 1.49(0.72-3.09) 0.27 
Education Illiterate 24/27 (89%) 4.12(1.15-14.71) 0.03 4.0(1.03-15.52) 0.04 

5-10 years 68/91 (75%) 2.70(0.74-9.8) 0.13 2.71(0.68-10.72) 0.15 
11-16 years 64/97 (66%) Ref - Ref - 

Income Lower income 54/77 (70%) 1.02(0.47-2.21) 0.95   
Intermediate income 66/87 (76%) 0.70(0.35-1.66) 0.56   
Higher income 36/51 (70%) Ref -   

Preferred food item Homemade food 84/108 (78%) Ref - Ref - 

Junk food 72/107 (67%) 1.70 (0.92-13.12) 0.08 1.31(0.67-2.57) 0.42 
Body exposure Full body covered/veil 70/114 (61%) 1.60(0.93-2.75) 0.31   

Some parts exposed 86/101 (85%) Ref -   
Sun exposure time/day ≤30 min 89/116 (77%) 2.09(1.14-43.85) 0.01 2.13(1.08-4.19) 0.02 

>30 min 67/99 (68%) Ref - Ref  
Milk intake  Yes 61/92 (66%) Ref - Ref - 

No 95/123 (77%) 1.72(0.94-3.15) 0.07 1.46(0.74-2.88) 0.26 
Province/ place of origin Punjabi 109/150 (73%) Ref -   

Others3 47/65 (72%) 1.01(0.53-1.95) 0.95   
BMI <25kg/m2 87/126 (69%) Ref -   

≥25kg/m2 69/89 (77%) 1.54(0.82-2.8) 0.17   
Use of a multivitamin 
supplement 

Yes 32/78 (41%) Ref - Ref - 
No 124/137 (90%) 2.56(1.38-4.74) 0.002 2.61(1.32-5.16) 0.005 

25(OH) D, 25 hydroxy vtamin D; Ref, Reference Category; 1Others, people from NWFP (North West frontier Pakistan) and Gilgit Baltistan; 1 Adjusted for 
age,  month of recruitment, marital status, education , preferred food item, sun exposure time/day, milk intake and regular intake of  multi vitamin. 
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Table 15:  Social determinants of 25(OH) D status in adult healthy female (n=215) vitamin D deficiency stated as 25 nmol/L 

threshold. 
Determinants  25(OH) D<25 nmol/L Univariate analysis Multivariate analysis 
   Odds ratio (95% CI) P-value  1Adjusted odd ratio (95%CI) P-value 

Age 15-30 years 55/134 (41%) Ref -   

31-45 years 36/81 (44%) 1.15(0.65-2.01)  0.62   
Month of recruitment January-March  3.23(1.84-5.67) 0.001 3.35(1.79-6.28) 0.001 

April-July  Ref - Ref - 
Settings University students 29/92 (31%) 1.67(0.70-3.50) 0.24   

Religious institutes  23/56 (41%) 2.02(0.85-4.02)  0.10   
Working ladies 39/67 (58%) Ref -   

Marital status Single 34/84 (40%) Ref -   

Married 57/131 (43%) 1.13(0.65-1.97) 0.66   
Education Illiterate 15/27 (55%) 3.02(1.55-5.02)  0.01  2.78(1.35-5.70)  0.05 

5-10 years 39/91 (43%)  1.98(0.97-4.10)  0.06  1.90(0.87-4.10)  0.10 
11-16 years 37/97 (38%) Ref - Ref - 

Income Lower income 31/77 (40%) 0.74(0.34-1.55) 0.42   
Intermediate income 43/87 (49%) 0.51(0.25-1.40) 0.22   
Higher income 17/51 (33%) Ref -   

Preferred food item Homemade food 45/108 (41%) Ref - Ref - 

Junk food 46/107 (43%) 1.01(0.55-1.61)  0.84   
Body exposure Full body covered/veil 54/114 (47%) 1.55(0.90-2.61) 0.11   

Some parts exposed 37/101 (36%) Ref -   
Sun exposure time/day ≤30 min 58/116 (50%) 2.00(1.50-3.48) 0.01 2.43(1.30-4.60)  0.006 

>30 min 33/99 (33%) Ref - Ref  
Milk intake  Yes 33/92 (36%) Ref - Ref - 

No 58/123 (47%) 1.60(0.91-2.77) 0.09 1.39(0.82-2.10) 0.30 
Province/ place of origin Punjabi 63/150 (42%) Ref -   

Others1 28/65 (43%) 1.04(0.58-1.88) 0.95 0.88   
BMI <25kg/m2 45/126 (35%) Ref -   

≥25kg/m2 46/89 (51%) 1.92(0.78-3.34) 0.12   
Use of a multivitamin 
supplement 

Yes 16/78 (20%) Ref - Ref - 
No 75/137 (55%) 4.68(2.46-8.22) <0.001 5.71(2.78-11.74) <0.001 

25(OH) D, 25 hydroxy vitamin D; Ref, Reference Category; 1Others, people from NWFP (North West frontier Pakistan) and Gilgit Baltistan; 1 Adjusted for age, marital 
status, education , preferred food item, sun exposure time/day, milk intake and regular intake of  multi vitamin.
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Table 16: Genetic determinants of vitamin D status in healthy adult females. 
 

Gene, SNPs Genotype, (N)  Mean serum 25 
(OH) D± S.D. 

P-value 

VDR, rs7312361 AA, (65) 33.33±24.8 0.15 
AG/GG, (94) 41.96±44.17 

VDR, rs15444102 CC, (45) 34.75±24.20 0.44 
CT/TT, (118) 39.77±41.02 

VDR, rs22285703 GG, (107) 39.61±41.11 0.66 
GA/AA, (57) 36.91±28.73 

CYP2R1, rs105008044 GG, (44) 43.46±50.13 0.36 
GT/ TT, (115) 37.36±31.38 

CYP2R1, rs20607935 GG, (81) 40.60±43.07 0.43 
GA /AA, (79) 35.95±30.49 

Cyp2R1, rs107661976 AA, (38) 45.0±52.03 0.24 
AG/ GG, (124) 36.89±31.64 

DBP, rs70417 AA, (36) 47.05±58.85 0.15 
AC/CC, (124) 36.72±28.57 

DBP, rs45888 GG, (76) 32.6±19.57 0.053 
GT /TT, (88) 43.90±46.95 

SNP, single nucleotide polymorphism, VDR, Vitamin D receptor; DBP, Vitamin D binding protein; CYP2R1, Vitamin D 25-hydroxylase;  
1n=159, 2n=163,3 n=164,4 n=159, 5n=160, 6n=162, 7n=160, 8n=164. 
 

Hypocalcaemia and raised serum alkaline phosphatase in identifying vitamin D 

deficiency 

We also analyzed serum calcium and alkaline phosphatae as a predictor test to show 

sensitivity and specificity for serum 25(OH) D. Our results indicate hypocalcaemia (serum 

calcium concentration ≤9.5 mg/dL) had low sensitivity (77.6%) and very low specificity 

(27.1%) for identification of vitamin D deficiency (Table 17). Raised serum alkaline 

phosphatase concentration (≥280 IU/L) had low sensitivity (60.3%) and very low specificity 

(18.6%) for identification of vitamin D deficiency (Table 18). Considering the new definition 

of IOM we further analyzed sensitivity and specificity with serum 25(OH) D <25 nmol/L; 

results are presented in tables 19-20.  
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Table 17: Sensitivity and specificity of hypocalcaemia for identification of vitamin D 
deficiency defined using the 50 nmol/L 25(OH) D threshold. 

Serum 
calcium 

25(OH)D 
<50 nmol/L 

25(OH)D 
≥50 nmol/L 

Sensitivity Specificity 

≤9.5 mg/dL 121 43 
77.56% 27.12% 

> 9.5 mg/dl 35 16 

Table 18: Sensitivity and specificity of elevated serum alkaline phosphatase 
concentration for identification of vitamin D deficiency defined using the 50 
nmol/L 25(OH) D threshold. 

Serum 
alkaline 

phosphatase 

25(OH)D 
<50 nmol/L 

25(OH)D 
≥50 nmol/L 

Sensitivity Specificity 

<280 IU/L 62 11 
60.25% 18.64% 

≥ 280 IU/L 94 48 

Table 19: Sensitivity and specificity of hypocalcaemia for identification of profound 
vitamin D deficiency defined using the 25 nmol/L 25(OH) D threshold. 

 
Serum 

calcium 
25(OH)D 

<25 nmol/L 
25(OH)D 

≥25 nmol/L 
Sensitivity Specificity 

≤9.5 mg/dl 63 101 
69.23% 18.55% 

> 9.5 mg/dl 28 23 
 
Table 20: Sensitivity and specificity of elevated serum alkaline phosphatase concentration 

for identification of profound vitamin D deficiency defined using the 25 nmol/L 
25(OH) D threshold. 

 
Serum 

alkaline 
phosphatase 

25(OH)D 
<25 nmol/L 

25(OH)D 
≥25 nmol/L 

Sensitivity Specificity 

<280 IU/L 42 49 
43.2% 34.8% 

≥ 280 IU/L 32 92 
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DISCUSSION 
  

It is well recognized that sun is a major source of vitamin D and it can be assumed 

deficiency of vitamin D is less common in tropical and sub-tropical countries where sunlight 

is available in abundance for most part of the year. Deficiency of vitamin D is pandemic and 

it has been reported in European (Andersen et al., 2005), North American (Gordon et al., 

2004), Canadian population (Rucker et al., 2002) and in sub-tropical countries including 

Pakistan (Khan et al., 2013), India (Johari and Mehta, 2015), and Bangladesh (Roth et al., 

2010). Although less available sunlight is a major risk factor for vitamin D deficiency but 

there are also some social, cultural and genetic aspects that are involved in hypovitaminosis 

D in sun rich countries including Pakistan. Though vitamin D was traditionally known to 

maintain calcium absorption and for mineralization of bone but studies have showed 

significant impact of vitamin D on immune system and effect on human health. 

Epidemiological studies have proved that deficiency of vitamin D is linked with many 

infectious, metabolic (Wang et al., 2008), immune (Cantorna and Mahon, 2004) and other 

diseases (Holick and Chen, 2008). In Pakistan many studies are evident of vitamin D 

deficiency in asymptomatic healthy population however literature regarding association of 

vitamin D and different infectious diseases including tuberculosis is infrequent (Aslam et al., 

2012; Khan et al., 2013). It is interesting to see the function of vitamin D in risk and control 

of tuberculosis in a country with high incidence of tuberculosis and long sun shine hours. 

In this study we are reporting the results of a case control and a longitudinal 

prospective study evaluating profound deficiency of vitamin D in pulmonary TB patients. 

The potential interaction between vitamin D status and polymorphism in the vitamin D 
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pathway on the antituberculous therapy was investigated and independent association of 

vitamin D and antituberculous treatment was reported (Junaid et al., 2015). Impact of vitamin 

D status on polymorphism of VDR, CYP2R1 and VDB and susceptibility of tuberculosis was 

also investigated. Serum VDB, free and bioavailable vitamin D were compared among TB 

cases and contacts. It was also investigated Mycobacterium effect metabolic pathway of 

vitamin D. 

Tuberculosis and gender 

Of the total 260 TB patients included in this study we had slightly high proportion of 

female patients. The rate of tuberculosis varies in male and female subjects among countries 

but male are predominantly with high proportion across the globe. In contrast it has been 

reported that 20-30% high rate of TB in female in Pakistan (Codlin et al., 2011). Another 

study from Islamabad, Pakistan also reported high prevalence of TB in female patients in 

western provinces of Pakistan in comparison to eastern provinces. Female with high case 

notification rate of TB was found overall in country (Dogar et al., 2012) in contrast to India 

where high notification rates observed in male. In line of previous findings in Pakistan we 

also reported high proportion of female TB patients than male. The reasons of this gender 

disparity are not well known but lower values of vitamin D in female subjects may be a cause 

of high case notification rate of tuberculosis in Pakistan; as many studies have reported low 

rates of the vitamin D in female of Pakistan. 

Tuberculosis and seasonal variability 

Many contrasting reports are present regarding season variability of tuberculosis, a 

recent review was done in 11 different countries across the globe, and it was reported in most 

of the countries the seasonal variability of tuberculosis is predominantly in summer or in 
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spring season (Fares, 2011). However the exact reasons of seasonal variability are unknown. 

In the present study more samples were recruited in summer season which mean more case 

notification rate in summer. 

Tuberculosis and poor socioeconomic group 

 One third of world population is infected with tuberculosis but all of them are not 

diseased, there are some factors that affect the development of active TB among these 

people. Of these factors historically low socioeconomic status (poverty) is supposed to be an 

important factor, literature also supports this association. Low socioeconomic conditions also 

lead to the overcrowded living style, causing many individuals in a single room leading easy 

spread of air born infection of Mycobacterium tuberculosis (Zhang et al., 2007). In our 

results it was also observed that people with lower socioeconomic group are more susceptible 

to active tuberculosis. 

Anti TB drugs and lower levels of vitamin D  

For all included TB cases it has been confirmed that they had not started anti TB 

treatment for this admission; although for retreatment cases patients had history of several 

episodes of anti TB treatment but at the time of diagnosis for this admission treatment was 

not initiated prior to blood sampling. Drugs that are used to treat tuberculosis also lower 

serum 25 (OH) D concentration in body; first line TB drugs, rifampicin and isoniazid  

decrease serum vitamin D one month after therapy initiation and this decrease is maintained 

after 6 months (Coussens et al., 2014). Exclusion of those patients who started ATT 

treatment provides more strength to this study. 
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Age linked vitamin D deficiency  

For this study a strict inclusion and exclusion criteria were adopted that provides 

strength to this study. Only adult pulmonary TB patients without any co morbidity were 

included. We did not include any patients above 60 years due to the evidence of low vitamin 

D levels in later years of life. Many studies have reported with vitamin D deficiency linked 

with age, the epidermis of an older person has less capacity to synthesize pro vitamin D as 

compared to the epidermis of adult (MacLaughlin and Holick, 1985).   

Vitamin D deficiency and other diseases 

Many other studies reported that association of vitamin D deficiency is not only 

linked with osteoporosis; hypovitaminosis D is also reported in several infectious, 

immunological and metabolic disorders (Holick, 2004; Hughes and Norton, 2009; Autier et 

al., 2014). Epidemiological studies have reported vitamin D deficiency in colon cancer 

(Grant, 2002), breast cancer (Garland et al., 1990), prostate and other cancers (Holick, 2004), 

cardiovascular disease (Li et al., 2004), multiple sclerosis (Ponsonby et al., 2002), type 1 

diabetes mellitus (Luong et al., 2004) and in tuberculosis (Wilkinson et al., 2000). This strict 

exclusion was not only for TB patients but we also excluded co morbidity found in any 

control group to establish a fair relation among case vs control. 

TB patients and low levels of Vitamin D  

The current study demonstrated low levels of baseline vitamin D in TB patients in 

comparison with controls. The high prevalence of profound vitamin D deficiency that we 

report among TB patients is striking, especially given that Lahore is located at 31.5ºN, a 

latitude at which the intensity of ultraviolet radiation should be sufficient to induce cutaneous 

vitamin D synthesis year-round (Jablonski and Chaplin, 2000). The mean serum 25(OH) D 
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concentration (27.3 nmol/L) among patients in current study and in controls (44.30 nmol/L) 

was lower than that reported earlier in TB patients elsewhere in Punjab province, Pakistan 

(57.4 nmol/L) (Iftikhar et al., 2013) and lower than that was found among HIV-uninfected 

adults with active TB in Cape Town (40.5 nmol/L) a sub-tropical setting that is 

approximately equidistant from the equator (latitude 33.9ºS) (Martineau et al., 2011a). In 

both of these case-control studies, vitamin D status was found to be lower among TB patients 

when compared with controls.  

It has been assumed that low serum 25(OH) D concentrations may have preceded the 

onset of active TB, and impaired containment of latent TB infection, thereby leading to the 

development of active TB. This hypothesis is supported by findings of longitudinal studies 

conducted in Pakistan (Talat et al., 2010) and elsewhere (Mehta et al., 2013) reporting that 

vitamin D deficiency in patients at risk of active TB precedes the development of active 

disease (Junaid et al., 2015). Although we reported vitamin D a strong determinant for the 

development of TB however, there are many others strong factors which cannot be ruled out 

as explanations for this association. In future more clinical trials of vitamin D for TB 

prevention are needed in order to determine whether vitamin D deficiency is a cause, rather 

than a consequence of active TB. The co-existence of a high prevalence of vitamin D 

deficiency and high incidence of tuberculosis in sub-tropical settings such as Pakistan makes 

them appropriate for such trials to be conducted. So there is a need to do clinical trials of 

vitamin D in this population with a generous dosing. 

Factors influencing baseline vitamin D status in TB patients 

Results indicate that vitamin D deficiency was more prevalent among female vs. male 

participants; this may be attributable to sex differences in outdoor activities that leads to less 
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or more sun exposure and/or daily intake of vitamin D in diet. Similar results were also 

reported by another study in Pakistan with much lower levels of vitamin D in female and 

high susceptibility of tuberculosis (Talat et al., 2010). Female group with high risk of vitamin 

D deficiency in ambulatory patients was also reported in Aga Khan University (Zuberi et al., 

2008). There may be demographic and cultural factors such as poor socioeconomic status, 

malnutrition, traditional traits, less outdoor activities and little exposure to sunlight that 

contribute towards low levels of vitamin D in female patients.  

Findings also indicate that baseline vitamin D status is influenced by radiological 

lesion in TB patients, vitamin D deficiency was noticed in patients with bilateral disease on 

chest radiograph. In this study, patients were classified in unilateral and bilateral radiological 

lesions on the basis of chest radiography. Although there are advance techniques to classify 

pulmonary TB patients such as on the basis of cavitation but the classification in the present 

study was simple, readily verifiable and could be consistently performed used by the range of 

clinicians involved in the study with a high degree of inter-observer agreement. Furthermore 

the other techniques may explain why presence or absence of cavitation is but not universally 

found to associate with time to sputum culture conversion (Martineau et al., 2011b). This 

observational finding of low vitamin D level in bilateral lesion vs unilateral chest radiograph 

also supported by clinical trials on TB patients that showed improved radiology in those with 

vitamin D supplementation compared to the placebo (Salahuddin et al., 2013). 

 In the present study it was also noticed that none of the studied SNP is associated 

with risk of baseline vitamin D deficiency in TB patients; however only rs1544410 (Bsm) 

showed a borderline significant association (p=0.054, aOR 2.23, 95%CI 0.98-5.05). This 

may indicate a possible role of VDR gene in the metabolism of vitamin D pathway.  
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Genetics of vitamin D and susceptibility of tuberculosis 

 An inverse relation between vitamin D status and risk of tuberculosis has been 

established but in recent past years many studies was done to investigate role of vitamin D in 

tuberculosis and to find out any association of gene polymorphism in VDR and  risk of 

developing tuberculosis in different population. The hypothesis based on any change in VDR 

gene can cause defect in gene activation ultimately affecting immune function. The most 

widely studied SNPs of VDR are Fok, Taq, Bsm and Apa. Fok is located in the coding region 

of VDR while TaqI, ApaI and BsmI are located in 3′ untranslated region, which have been 

shown to be related to VDR activity or expression (Valdivielso and Fernandez, 2006). 

Results regarding polymorphism and risk of developing tuberculosis are inconsistent among 

different studies. Our findings suggest no relationship between studied polymorphism and 

susceptibility of TB in this population. Moreover, genetic influence of polymorphism was 

dependent upon status of vitamin D was also investigates. Martineau and coworkers (2010) 

suggested genetic influence is dependent upon vitamin D levels, in a case control study on 

Gujrati Asians living in London, it was reported that GC genotype of DBP has significant 

association with tuberculosis but this association was only in those patients who were 

vitamin D deficient.  

Though in current study we did not find GC polymorphism and susceptibility of 

tuberculosis but association of rs7312236 (Taq1) and rs154410 (Fok1) with risk of 

tuberculosis was found only in patients with profound vitamin D deficiency (serum 25[OH] 

D < 20 nmol/L). The significant relation in these polymorphism and susceptibility of 

tuberculosis was restricted by level of vitamin D. However on interaction analysis this was 

not more significant.  
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Vitamin D a strong determinant for delayed sputum conversion 

 Despite there is a widespread availability of antimicrobial therapy, tuberculosis 

continues to carry a significant case fatality rate. This poor response of antituberculous 

treatment might be due to certain ignored factors which interfere with treatment outcome. A 

growing body of literature is evident that vitamin D is among these factors (Martineau, 

2012). Our finding that vitamin D deficiency associates with impaired response to 

antituberculous therapy is consistent with reports from other observational studies to 

investigate vitamin D influence on TB treatment. A study from India reported an inverse 

association between serum 25(OH)D concentration and time to sputum smear conversion 

among 354 patients with multidrug-resistant tuberculosis in New Delhi, India (Rathored et 

al., 2012). Sato et al. (2012) reported a similar association among 34 patients with drug-

sensitive disease in Fukushima, Japan. More recently, Mehta et al., (2013) reported 

inadequate vitamin D level (serum 25[OH] D <75 nmol/L) associated with increased risk of 

treatment relapse in a cohort of TB patients in Tanzania. In the present study, it is reported 

that vitamin D an independent determinant of delayed sputum smear conversion in 

pulmonary TB patients (Junaid et al., 2015).  

The consistency of this association of vitamin D and sputum conversion in 

observational studies contrasts with findings of randomised controlled trials of adjunctive 

vitamin D to enhance response to antituberculous treatment, which have been more variable 

(Nursyam et al., 2006; Wejse et al., 2009; Martineau et al., 2011b; Ralph et al., 2013; 

Salahuddin et al., 2013) although it is worth noting that studies utilizing higher doses of 

vitamin D have reported acceleration of sputum smear conversion by around 2 weeks 

(Nursyam et al., 2006; Coussens et al., 2012) – similar to the 15 day difference in time to 
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conversion reported in this study. Potential reasons for the disparity between observational 

studies and clinical trials could be explained by residual confounding in observational 

studies; inappropriate dosing regimens administered in clinical trials (doses either too small 

or too widely spaced to cause sustained elevation of serum 25[OH]D concentration); or 

insufficient power to detect potentially modest effects in drug-sensitive disease. There is a 

need to develop more clinical trials with generous dosing regimens and/or larger sample sizes 

should be done to address this in future.  

Our finding that commonly-studied polymorphisms in the vitamin D receptor did not 

influence time to sputum smear conversion contrasts with studies that have variously 

reported associations with rs2228570 (FokI), (Roth et al., 2008) rs731236 (TaqI), (Babb et 

al., 2007; Roth et al., 2008) and rs1544410 (BsmI) (Rathored et al., 2012).  Moreover, we 

did not find any association between polymorphisms in CYP2R1 or DBP and treatment 

response. Based on previous findings suggesting clinically important gene-environment 

interactions in this context (Wilkinson et al., 2000; Martineau et al., 2010, 2011b) we went 

on to explore the possibility that genetic variation in the vitamin D pathway might modify the 

influence of baseline vitamin D on response to antituberculous treatment: sub-group analyses 

revealed the persistence of very strong associations between vitamin D deficiency and 

delayed smear conversion across genotypic sub-groups. Overall, our results suggest that the 

strong phenotypic influence of profound vitamin D deficiency appears to outweigh any more 

subtle effect of genotypic variation in the vitamin D pathway on response to antituberculous 

therapy (Junaid et al., 2015).  
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Low VDBP, bioavailable vitamin D and tuberculosis 

  Polymorphic vitamin D binding protein (VDBP) is another important component of 

the vitamin D pathway that is also recognized as group-specific component (Gc). Although 

the major function of VDB is to transport and preserve vitamin D, but it has been shown to 

involve in other functions such as: activation of macrophages, stimulate osteoclasts, enhance 

the chemotactic activity of C5-derived peptides, and associate with immune cell surfaces (T 

and B cells). Although some studies reported VDBP gene polymorphisms with the presence 

of tuberculosis and levels of DBP varies among different pathological conditions 

(Yousefzadeh et al., 2014). However, little is known about DBP and tuberculosis, in this 

study we sought to find out any association in TB and VDBP. Results indicate significantly 

lower levels of vitamin D binding protein in pulmonary TB patients.  

It was further questioned that whether bioavailable vitamin D also varies among these 

patients. It is unclear whether any change in level of DBP effect total 25(OH) D or other 

vitamin D metabolites. A comparative analysis was done in black and white participants, 

despite in blacks they had lower levels of vitamin D and DBP but there was not any 

difference in bioavailable vitamin D (Hollis and Bikle, 2014). Nonetheless findings of 

current study indicate significant difference of bioavailable vitamin D in cases vs control, 

suggesting DBP alters the level of bioactive form of vitamin D. This major finding fortified 

the concept of role of vitamin D and its metabolites may play a significant role in the 

development of tuberculosis. Additional research is required to evaluate whether the free/ 

bioavailable 25(OH) D index as compared to the total 25(OH) D levels is a better marker of 

25(OH) D tissue availability. 
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Mycobacterium affecting metabolism of vitamin D 

Vitamin D deficiency is associated with tuberculosis but it’s controversial whether 

deficiency of vitamin D is a cause or a consequence of TB. To answer this case control study 

was carried out to see the effect of Mycobacterium on vitamin D metabolism by determining 

the key metabolites of vitamin D metabolic pathway. Results indicate 4-beta-hydroxylation 

and 1-alpha-hydroxylation are increased, but 24-hydroxylation is not. 

CYP3A4 or 4β hydroxylase enzyme is a cytochromal P450 enzyme that is 

predominantly expressed in liver and small intestine and is also present in esophagus, colon, 

kidney, and leukocytes. Certain drugs including first line anti TB drugs (Rifampicin) induced 

the expression of this enzyme and accelerate vitamin D catabolism and lead to deficiency of 

vitamin D (Zhou et al., 2006; Wang et al., 2013).  

 CYP27B1 or 1α-Hydroxylase is also a cytochrome P450 enzyme that is involved in 

the synthesis of bioactive form of vitamin D (1, 25[OH] D). CYP27B1 is not only expressed 

in renal cells but also in macrophages. This enzyme plays a key role in the immunobiology of 

vitamin D (Conesa-Botella et al., 2009; Adams et al., 2014). In TB patients the activity of 

this enzyme is greater than controls similar to the findings of another study which reported 

high activity of 1α-hydroxylase in monocytes of active TB patients (Tung et al., 2013). 

Overall results indicate upregulated conversion of 25(OH) D to 4b, 25(OH) 2D in active TB 

suggesting degradation of 25(OH) D this might represent the attempt of organism to subvert 

the metabolism however the exact mechanism is still unknown.  

Female, a major risk group of lower vitamin D level  

In our control group more low levels of vitamin D in female group were observed. 

Female are at a greater risk of being vitamin D deficient, it was interesting to see factors 
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involved in deficiency of vitamin D in healthy adult female. Our results indicate inadequate 

vitamin D level is more prevalent in healthy female of child bearing age living in Lahore, 

Pakistan: only 10% of participants in our study had optimal vitamin D status (serum 25[OH] 

D ≥75 nmol/L), 73% were vitamin D deficient (serum 25[OH] D <50 nmol/L) and 43% were 

profoundly deficient (serum 25[OH] D <25 nmol/L). Risk of deficiency or insufficiency was 

independently associated with illiteracy, decreased sun exposure, winter season and lack of 

multivitamin use; we also found evidence that vitamin D binding protein genotype is a 

determinant of vitamin D status in this population. The use of tests for hypocalcaemia or 

raised serum alkaline phosphatase concentration was neither sensitive nor specific for the 

identification of vitamin D deficiency. It has also been reported previously that serum 

calcium do not predict serum 25(OH) D levels (Sasidharan et al., 2002).  

Our finding that a large number of healthy female participants with inadequate status 

of vitamin D is in keeping with those of other investigators, who have reported a low 

prevalence of optimal vitamin D status among women in Karachi, Pakistan, where one study 

has reported that 84% of participants had serum 25(OH) D concentrations <75 nmol/L 

(Sheikh et al., 2012); another has reported that 91% of participants had serum concentrations 

<50 nmol/L (Khan et al., 2013). Studies conducted elsewhere in Asia have reported similar 

high rates of vitamin D deficiency among women (Islam et al., 2006; Alsuwadia et al., 2013; 

Ganmaa et al., 2014). Although we showed that vitamin D deficiency was associated with 

decreased sunlight exposure, we did not demonstrate any association between veiling and 

risk of hypovitaminosis D; this finding is consistent with that from a study in Bangladesh, 

which reported that vitamin D deficiency was common among women in that setting 

irrespective of veiling (Islam et al., 2006). 
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Strength and limitations of the study  

This study has several strengths. The strong exclusion and inclusion criteria provide a 

fair relation of vitamin D deficiency and risk of tuberculosis. To the best of our knowledge 

the investigation of the influence of gene-environment interactions in the vitamin D pathway 

on response to antituberculous therapy is novel, as is our investigation of polymorphisms in 

CYP2R1 and DBP. Loss to follow-up was low (<5%) and antituberculous treatment was 

directly observed. Moreover, phenotypic and genotypic data were available to allow us to 

adjust for potential confounders of the relationship between vitamin D status and treatment 

response using multivariate analysis. We also collected detailed information on possible risk 

factors of vitamin D deficiency, including genetic determinant that has not been reported 

previously in this population. Our finding that the rs4588 (StyI) polymorphism in the vitamin 

D binding protein associates with serum 25(OH) D concentration is consistent with reports 

elsewhere in the literature (Powe et al., 2013). DBP genotype has been reported to influence 

total 25(OH) D levels by other investigators (Wang et al., 2010b). This may reflect the 

influence of differing variants affinity for 25(OH) D on its half-life in the circulation, or 

differing concentrations of DBP between individuals having different DBP genotypes. It is 

the first report about the bioavailable vitamin D in TB patients in this population that has not 

been reported before. The fact that participants were recruited from general population in 

three different settings enhances generalizability of our findings for healthy adults in local 

population. 

There are also some limitations in this study. Firstly, it was observational in nature; 

accordingly, residual confounding cannot be excluded as an explanation for the relationship 

between vitamin D deficiency and delayed smear conversion that we report. Secondly, 
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information on time to sputum culture clearance was not available to us: culture is both more 

sensitive and more specific than microscopy for the diagnosis of viable mycobacteria in 

sputum, and sputum culture conversion is the only outcome of intensive-phase treatment that 

has been shown to correlate with 2-year risk of relapse (Mitchison, 2005). Thirdly, drug 

sensitivity testing was not performed for all M. tuberculosis isolates, due to limited 

availability of resources. However, sensitivity testing was performed in patients at risk of 

drug-resistance (i.e., those who were sputum-smear positive after 2 weeks of intensive-phase 

anti TB treatment, and who had either been previously treated for tuberculosis or who were 

known to have had contact with patients with confirmed MDR-TB). These criteria are used 

in day-to-day clinical practice at Gulab Devi Chest Hospital, and have proven to be sensitive 

for the identification of patients with drug-resistant tuberculosis: thus, there is a rationale for 

assuming that patients who did not fulfil these criteria are likely to have drug-sensitive 

disease.  

In the present investigation, details of individual participant’s skin pigmentation was 

not recorded. Neither did we record the vitamin D content of multivitamin preparations nor 

do we measure serum PTH in these samples. The study was not formally powered to detect 

the influence of genetic variation in the vitamin D pathway on serum 25(OH) D 

concentrations; it is possible therefore that we lacked statistical power to detect small effect 

sizes of genetic determinants.  

Conclusions 

Vitamin D is well known for maintaining bone health and is normally referred for this 

function. Recent findings of vitamin D impact on human health have inspired many 

researchers to investigate more about this vitamin. In past few years involvement of vitamin 
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D is reported in several infectious diseases. Cathelicidin the antimicrobial compound of 

vitamin D has broad spectrum activity against gram positive bacteria, gram negative bacteria, 

fungi and viruses (Ramanathan et al., 2002). Many epidemiologic studies have established 

relationship between vitamin D and the prevalence of different infectious diseases, including 

septic shock (Danai et al., 2007), upper respiratory infection, influenza (Cannell et al., 2006), 

tuberculosis (Nnoaham and Clarke, 2008) and HIV (Dao et al., 2011). 

The aim of this research was to explore the relation in between levels of serum 

25(OH) D and patients of pulmonary tuberculosis. Many studies have indicated lower levels 

of vitamin D in TB patients. The hypothesis was that vitamin D deficiency in community 

make people more prone to get infection. Furthermore, based on our primary results and 

previous observational studies we also aimed at to investigate the role of vitamin D in 

antituberculous treatment. As the study was conducted in Lahore, Pakistan which has prolong 

sun shine hours. Both social factors and genetic determinants were considered for vitamin D 

deficiency. Although all hypothesis were not supported by results but this come out with 

some important findings. 

Firstly, profound vitamin D deficiency is highly prevalent among pulmonary TB 

patients in Lahore, Pakistan, is striking, as it is higher than previously reported. Secondly, 

vitamin D deficiency associates markedly with delayed sputum smear conversion in a 

genotype-independent manner. This finding has significant implications for TB treatment. 

Our study also adds to the growing body of literature by pointing to the inadequate vitamin D 

status as a correctable risk factor for delayed response to antituberculous therapy. Although 

results do not suggest that susceptibility of tuberculosis is dependent upon genetic 

determinant but when samples were stratified on the basis of vitamin D, showed significant 
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association of Taq and Fok. Again on interaction analysis it was no more significant but it 

suggests another study with a large genetic pool is required to further investigate host gene 

interaction and how such genes influence immunological traits and effect on risk of 

pulmonary TB.  Another salient feature of the study is having a significant difference of 

bioavailable vitamin D in TB patients and controls and high beta hydroxylation activity in 

TB cases. It would be interesting to do in vitro analysis to see further how Mycobacterium 

effect vitamin D metabolism. The insensitivity and specificity of serum calcium and alkaline 

phosphatase for identifying vitamin D are also worth mentioning, that show the significance 

of vitamin D assay. 

In this modern world of increasing drug resistance tuberculosis, and in a country like 

Pakistan where high burden of tuberculosis and case notification is increasing despite 

adopting all regulations of WHO, the effect of  sunshine vitamin D is somewhat ironic. This 

vitamin with antimycobactrial activity can be produced by human body and levels can be 

enhanced by changing life style, when naturally in Pakistan a plenty of sunshine is present. 

This vitamin, which can improve recovery of treatment, is of renewed interest and has 

potential clinical importance. Further research to establish an adjuvant therapy to combat 

tuberculosis and investigation of vitamin D mechanism at molecular level is required.  
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Appendix-1 
 

Patient data collection form 
 

I, hereby submit the patient’s data collected through questionnaire below. I declare 
that blood samples collected from the patients will be used only for research purposes and 
the patients involved in the study have all the rights to withdraw their name from the study 
if they do not have the consent.  

        Kashaf Junaid 
Ph.D. Scholar (MMG-10-06)  

 

 

FAMILY HISTORY 

Family history of TB?            Yes □  no □ Contact with TB patients?    Yes □  no □ 
 

CLINICAL ASSESMENT 
Cough Fever Expectoration 
Shortness of breath Hemoptysis Weight loss 

 
RADIOLOGICAL FINDINGS 

Unilateral    □ Bilateral    □ 

Minimal lesion □ Advance disease  □ Far advance disease  □ 
 
 

MICROBIOLOGICAL FINDINGS 
Sputum smear examination: 
Date                                     Report  
  
  
  

DATE PATIENT ID 
PERSONAL HISTORY 

Name Age  Contact number 
Address 
Permanent address 

Socioeconomic status         □ Lower class                □  Middle class       □  Upper class 

TREATMENT HISTRORY 

New case  □                                                         Retreatment case □ 

If retreatment case:   Relapse    □   Treatment failure     □     Treatment after default □ 



  
  
  
  
  
  
  
  
  
  
  
  
Sputum culture for AFB: 
Date                                     Report 
  
  
  

 
Duration and regimen of treatment 
Duration of sputum conversion 

 
PATTERN OF DRUG RESISTANCE 

Name of the Drug S(Sensitive)/R(Resistant) Name of the Drug S(Sensitive)/R(Resistant) 
Isoniazid  Ethionamide  
Rifampicin  Cycloserine  
Pyrazinamide  Thiacetazone  
Ethambutol  Aminoglycosides  
Streptomycin  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Data Collection Form 
 

Date: _______________________            I.D no: ___________________________ 
I, hereby submit the information collected from below questions and have blood 
samples taken will be used only for research purposes and the person can withdraw 
anytime he/she wants.  
 

Kashaf Junaid 
Ph.D. Scholar 

MMG10-06 
 
 
Name: _________________________Father’s name: _____________________________ 
Age: ______________________ Sex: ____________________     Cast _______________ 
Native or migrated:  ______________________ 
N.I.C number: _________________________________________ 
Permanent address: _________________________________________________________ 
___________________________________________________________________________ 
 
Marital status:      __________ Kids ______________ Siblings: ___________________ 

Years of education:   □ Nil  □Primary  □Middle    □Matric  

                         □Inter  □14 Years □16 Years   □More Then 16 Years  
Weight: ____________kg   Height: _____________________cm   

Monthly income:   □ Nil   □Less Than 10,000   □More Than 10,000    □More Than                        
20, 0000  

Nature of work: □ Remain outside most of time □ comes early & go late □ No timing 
How much hours spent outdoors and timing:  ______________________ 
How much time spent indoor: ______________________ 

Do you apply sunblock:  □ Yes       □ No   

Do you wear abbaya:      □Yes          □ No  

Color of abbaya:             □Black       □Any other color 
Dietary habits: __________________________________________________ 

Things you mostly like to eat:   □ Homemade food           □ Junk food  

How many glass of milk u take daily:  □not take regularly □0    

                                                                  □1         □2           □ more then 2   

How much you can walk daily:   □ 1 km □ 2 km □ more than 2 km 

Do you take any multivitamin supplement:  □Yes      □No  



Tablet name and dose:   _____________ 
Any infection or history of disease:  _____________________________________ 

Bone pain            □ Yes   □No  

Low back pain    □Yes    □No  

Morning stiffness □ Yes   □No 

Family history:   □Yes    □No 
Any medical record: ____________________________________________________ 

 



Appendix-2 
 
 

Derivation of Calculated Free and Bioavailable 25hydroxyvitamin D from Vermuelen et al. 
(1999). 
  
DEFINITIONS  

D = 25-hydroxyvitamin D (calcidiol), sum of both D2 and D3  
Alb = albumin  
DBP = Vitamin D binding protein, also known as Group-specific component or Gc  
[DAlb] = concentration of albumin-bound vitamin D  
[DDBP] = concentration of DBP-bound vitamin D  
[D] = concentration of free (unbound) D  
[Total] = concentration of Total 25OH-D = [DDBP] + [DAlb] + [D]  
[Bio] = concentration of Bioavailable D  
             (Bioavailable = sum of free and albumin-bound   vitamin) = [D] + [DAlb]  
Kalb = affinity constant between vitamin D and albumin = 6 x 105 M-1  

KDBP = affinity constant between vitamin D and DBP = 0.7 x 109 M-1   

EQUATIONS   

Total 25(OH)-Vitamin D  

[Total] = concentration of 25(OH)-Vitamin D in g/mol ÷ 400.5 g/mole  
 Given that  [Total] = [D] + [DAlb] + [DDBP]           

thus    [DDBP] = [Total] - [DAlb] – [D]         

Albumin  

 [Alb] = serum albumin concentration in g/L ÷ 66,430 g/mole  

 [D] + [Alb] ↔ [DAlb]  

  (Eq. 1)  

Albumin association constant Kalb  = [DAlb] ÷ ([D] ⋅ [Alb])        

Thus [DAlb] = Kalb ⋅ [Alb] ⋅ [D]            (Eq. 2)  
(NB: [Alb] in this example denotes the concentration of free non-vitamin bound albumin. 
However, given the low affinity between albumin and Vit. D, the concentrations of total albumin 



and unbound albumin are effectively equivalent ([Total Albumin] ≈ [Alb]). As a result, [Alb] 
may be estimated accurately by measurements of total serum albumin.)  
  

DBP  

[Total DBP] = concentration of serum DBP in g/L ÷ 58,000 g/mole  

[DBP] = free unbound DBP and  [DDBP] = vitamin-bound DBP  
Given that  [D] + [DBP] ↔ [DDBP]  

And    DBP association constant KDBP = [DDBP] ÷ ([DBP] ⋅ [D])  

Thus   [D] = [DDBP] ÷ KDBP ÷ [DBP]         (Eq. 3)  

Since   [Total DBP] = sum of bound and unbound DBP = [DBP] + [DDBP]   

Therefore   [DBP] = [Total DBP] – [DDBP]         (Eq. 4)  

      
Solving for Free 25(OH)-Vitamin D  

From Eqs. 3 and 4 we see that:  

    [D] = [DDBP] ÷ KDBP ÷ ([Total DBP] – [DDBP])     (Eq. 5)     

If we substitute Eq. 1 into Eq. 2, we find that:  

     [DDBP] = [Total] – (Kalb ⋅ [Alb] +1) ⋅ [D]     (Eq. 6)  
Substituting Eq. 6 into Eq. 5 produces the following:  

[D] = {[Total] – (Kalb ⋅ [Alb] +1) ⋅ [D]} ÷ KDBP ÷ ([Total DBP] – {[Total] – (Kalb ⋅ [Alb] +1) ⋅ 
[D]})    

The equation is now limited to known constants (KDBP and Kalb), measured values ([Total 
DBP], [Alb], and [Total]) and the dependent variable for free vitamin D [D]. After propagating 
products and several rearrangements we can further simplify this to fit the form of a second-
degree polynomial:  

ax2 + bx + c = 0  

Where x = [D] = the concentration of free 25(OH)-Vitamin D 
a =   KDBP ⋅ Kalb ⋅ [Alb] + KDBP    
b =   KDBP ⋅ [Total DBP] – KDBP ⋅ [Total] + Kalb ⋅ [Alb] 
+1 c =  -[Total]  



This polynomial may be solved for [D] using the quadratic equation:    

 [D] = [-b+ 𝑏2−4𝑎𝑐] ÷ 2a     
After solving for free 25(OH)-vitamin D, we may then use Eq. 2 to calculate the 

concentration of bioavailable (non-DBP bound vitamin):  

    [Bio] = [D] + [DAlb] = (Kalb ⋅ [Alb] + 1) ⋅ [D]      (Eq. 7)  
  

EXAMPLE CALCULATION  

Total 25(OH)-vitamin D = [Total] = 40 ng/mL = 1.0 x 10-7 mol/L  

Total serum DBP = [Total DBP] = 250 ug/mL = 4.3 x 10-6 mol/L  

Total serum albumin = [Alb] = 4.3 g/dL = 6.4 x 10-4 mol/L  

Kalb = 6 x 105 M-1 
KDBP = 7.0 x 108 M-1   
a = 2.7 x 1011  
b = 3325  
c = - 1 x 10-7  
Calculated concentration of free 25(OH) D = 3.01 x 10-11 mol/L = 12.1 pg/mL  

Calculated concentration of bioavailable 25(OH) D = 1.09 x 10-8 mol/L = 4.6 ng/mL  
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between profound vitamin D deficiency
and delayed sputum smear conversion in
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Abstract

Background: Both vitamin D deficiency and genetic variants in the vitamin D receptor (VDR) have been reported
to associate with delayed response to intensive-phase therapy for pulmonary tuberculosis. Studies investigating the
influence of genetic variants in vitamin D binding protein (DBP) and vitamin D 25-hydroxylase (CYP2R1) on vitamin
D status and response to antituberculous therapy are lacking.

Methods: We conducted a longitudinal study in 260 patients initiating treatment for smear-positive
pulmonary tuberculosis in Lahore, Pakistan. Vitamin D status and genotypes for polymorphisms in VDR
(rs2228570, rs731236, rs1544410), DBP (rs7041, rs4588) and CYP2R1 (rs2060793, rs10500804, rs10766197) were
determined at baseline. Sputum smear microscopy was performed at 2, 4, 6 and 8 weeks, and time to sputum smear
conversion was estimated for each participant. Analyses were conducted to determine demographic, clinical and
genetic determinants of baseline vitamin D status and time to sputum smear conversion.

Results: Profound vitamin D deficiency (serum 25[OH]D < 25 nmol/L) was highly prevalent at TB diagnosis (present
in 54 % of patients), and was independently associated with female vs. male sex (adjusted OR 2.60, 95 % CI 1.50 to
4.52, P = 0.001), recruitment in October to March inclusive (adjusted OR 1.75, 95 % CI 1.00 to 3.04, P = 0.047) and
bilateral vs. unilateral disease (adjusted OR 1.89, 95 % CI 1.49 to 4.52 P = 0.025). Profound vitamin D deficiency was
also independently associated with impaired response to antituberculous therapy (median time to sputum smear
conversion 22.5 vs. 7.5 days for patients with serum 25[OH]D <25 nmol/L vs. ≥ 25 nmol/L, respectively; aHR 4.36,
95 % CI 3.25 to 6.65, P < 0.001). No polymorphisms in VDR, CYP2R1 and DBP studied associated with either baseline
vitamin D status or time to sputum smear conversion.

Conclusions: Profound vitamin D deficiency is very common among TB patients in Lahore, Pakistan, and is
independently associated with significantly delayed sputum smear conversion. Polymorphisms in VDR, CYP2R1 and
DBP did not associate with baseline vitamin D status or response to intensive-phase treatment in this patient
group.

Keywords: Tuberculosis, Vitamin D deficiency, Vitamin D receptor, CYP2R1, Vitamin D binding protein, Single
nucleotide polymorphism

* Correspondence: kashaf_junaid@hotmail.com
1Department of Microbiology and Molecular Genetics, University of the
Punjab, Quaid-e-Azam Campus, PO Box No 54590, Lahore 54000, Pakistan
2Centre for Primary Care and Public Health, Barts and The London School of
Medicine and Dentistry, Queen Mary University of London, London E1 2AB,
UK
Full list of author information is available at the end of the article

© 2015 Junaid et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly credited. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Junaid et al. BMC Infectious Diseases  (2015) 15:275 
DOI 10.1186/s12879-015-1018-5

http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-015-1018-5&domain=pdf
mailto:kashaf_junaid@hotmail.com
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
Despite widespread availability of antimicrobial therapy,
tuberculosis continues to carry a significant case fatality
rate, estimated at 4–7 % in notified HIV-uninfected
cases [1]. An improved understanding of the risk factors
for poor response to antituberculous therapy could lead
to the development of new interventions to improve
treatment outcome.
A growing body of evidence suggests that vitamin D

deficiency may be one such factor [2]. High-dose vitamin
D was used to treat tuberculosis in the pre-antibiotic
era, [3] and vitamin D metabolites support the induction
of a broad range of antimycobacterial effector responses
in vitro [4–8]. Vitamin D deficiency associates with im-
paired response to antituberculous therapy [9–11]. Gen-
etic variants in the vitamin D receptor (VDR), which
transduces vitamin D signal to modify transcriptional re-
sponses, have also been reported to predict treatment re-
sponse [12, 13]. Polymorphisms in the vitamin D
binding protein (DBP), which transports vitamin D me-
tabolites in the circulation, and the vitamin D 25-
hydroxylase enzyme (CYP2R1), which converts ‘parent’
vitamin D to its major circulating metabolite 25-
hydroxyvitamin D (25[OH]D), influence vitamin D sta-
tus in the general population [14]. However, their poten-
tial influence on vitamin D status and response to
antimicrobial therapy in TB patients has not previously
been studied. Moreover, despite evidence that effects of
vitamin D status on the response to M. tuberculosis are
genotype-dependent, [15–17] studies investigating the
potential effect of interactions between vitamin D status
and polymorphisms in the vitamin D pathway on re-
sponse to antituberculous therapy have not previously
been performed. We therefore conducted an observa-
tional study to determine a) the prevalence and determi-
nants of vitamin D deficiency among a cohort of
patients with newly-diagnosed pulmonary tuberculosis
in Lahore, Pakistan; b) whether baseline vitamin D status
and / or polymorphisms in VDR, DBP or CYP2R1 asso-
ciated with response to intensive-phase antituberculous
therapy in these patients as main effects, and c) whether
any associations between vitamin D deficiency and re-
sponse to treatment were genotype-dependent.

Methods
Study population
Patients attending Gulab Devi Chest Hospital, Lahore,
Pakistan (Latitude 31.5° N) for treatment of smear-
positive pulmonary tuberculosis were screened for eligi-
bility to participate in the study. The following were ex-
cluded: those aged less than 14 years or more than
60 years; those who had already initiated antituberculous
therapy; those with a medical record diagnosis of type 1
or type 2 diabetes mellitus, chronic renal failure, hepatic

failure or ischaemic heart disease; and those with sero-
logical evidence of Hepatitis B, Hepatitis C or HIV infec-
tion. Those fulfilling eligibility criteria completed a
questionnaire detailing age, gender and socioeconomic
status (as indicated by whether or not they were in receipt
of financial aid for hospital costs). All participants had a
chest radiograph at baseline, which was classified as show-
ing either unilateral or bilateral disease by the consultant
chest physician in charge of their care. Participants also
gave a sputum sample (for microscopy +/− mycobacterial
culture as detailed below) and a 5 ml blood sample at
baseline. Half of this blood sample was drawn into a
serum tube, and the half was drawn into an EDTA tube.
Serum tubes were centrifuged, and serum was aspirated
and stored at −20 °C for subsequent assay of 25(OH)D
concentration. Whole blood in EDTA was stored at 4 °C
for subsequent DNA extraction. Participants whose base-
line blood sample was haemolysed were excluded from
analyses. Participants then initiated directly-observed anti-
tuberculous treatment according to WHO guidelines [18]
and were followed up 2, 4, 6 and 8 weeks later. At each
time point they were asked to provide a repeat sputum
sample for microscopy, until either their sputum sample
was smear-negative, or they were unable to expectorate.
Data from patients who attended their final follow-up visit
late were included up to 10 weeks from initiation of anti-
microbial treatment. Medical staff caring for participants
were informed of their patients’ vitamin D status at the
end of the study, and were free to manage this as they
deemed appropriate after the participant had completed
follow-up. The study was approved by the ethics commit-
tees of the School of Biological Sciences, University of
Punjab (ref SBS 873–12) and of the Gulab Devi Chest
Hospital, Lahore. All participants gave informed consent
to take part.

Laboratory methods
Microscopy of Ziehl-Nielsen (ZN) -stained sputum sam-
ples was performed in the Microbiology Laboratory at
the Gulab Devi Chest Hospital by trained staff using
written standard operating procedures. These staff were
blinded to participants’ vitamin D status. Bacillary load
in baseline sputum samples was classified according to
the number of acid-fast bacilli seen per high power field
(HPF). Mycobacterial culture and drug sensitivity testing
was done for a sub-group of patients who fulfilled hos-
pital criteria for performing this test, namely those who
were sputum-smear positive after 2 weeks of intensive-
phase anti-TB treatment, and who had either been previ-
ously treated for tuberculosis or who were known to
have had contact with patients with confirmed MDR-TB.
Sputum samples from patients selected for drug sensitiv-
ity testing were initially assessed using the GeneXpert
MTB/RIF platform [19]. Samples which were positive on
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this molecular test were then cultured on Lowenstein
Jensen medium, and colonies were sent for phenotypic
drug sensitivity testing using the Bactec MGIT system as
described [20]. Serum 25(OH)D concentrations were de-
termined by ELISA (Immunodiagnostic Systems, Boldon,
UK); the inter-assay coefficient of variation was 11.5 %,
and the average duration of sample storage prior to
25(OH)D assay was 91.2 days. Profound vitamin D de-
ficiency was defined as a serum 25(OH)D concentra-
tion <25 nmol/L. Genomic DNA was extracted from
whole blood [21] and quantified using the Nanodrop
spectrophotometer and normalised to 5 ng/μl. 10 ng
DNA was used as template for 2 μl TaqMan allelic
discrimination assays (Applied Biosystems, Foster
City, CA, USA) performed on the ABI 7900HT plat-
form in 384-well format and analysed with Autocaller
software, as previously described [22]. Pre-developed
assays were used to type polymorphisms in genes en-
coding VDR (rs2228570 [FokI], rs731236 [TaqI] and
rs1544410 [BsmI]), CYP2R1 (rs2060793, rs10500804
and rs10766197) and DBP (rs7041 [HaeIII] and
rs4588 [StyI]). Genotyping assays failed in a small
proportion of subjects, possibly as a result of poor
DNA quality. Alleles at all loci conformed to the
Hardy-Weinberg equilibrium.

Sample size and statistical analyses
The study was prospectively powered to estimate preva-
lence of profound vitamin D deficiency in the study
population with a 5 % error margin at the 95 % confi-
dence level, using published algorithms [23]. Assuming
an expected frequency of 79 %, [24] we calculated that a
total of n = 253 participants would need to be recruited.
Statistical analyses were done with SPSS (version 20.0)

and Stata IC (version 12) and figures were prepared with
GraphPad Prism (version 4.00). The date of sputum
smear conversion was estimated as the midpoint be-
tween the date of the last positive sputum smear and the
date of the first negative sputum smear thereafter. Time
to sputum smear conversion was calculated as the num-
ber of days from the date on which antituberculous
treatment was initiated to the estimated date of sputum
smear conversion.
Univariate analysis of associations between potential

determinants of vitamin D status and risk of profound
vitamin D deficiency was done using chi square tests;
those found to associate with P < 0.1 on univariate
analysis were included in multivariate analysis, which
was done with binary logistic regression. Analysis of
determinants of time to sputum smear conversion
was done using Cox regression. Sub-group analyses to
test for gene-environment interactions were per-
formed by Cox regression with the inclusion of inter-
action terms between genotype and vitamin D status

(25[OH]D < 25 nmol/L vs. ≥ 25 nmol/L); for these
analyses, the Benjamini-Hochberg procedure for multiple
testing correction was applied to control the false discov-
ery rate with a q value threshold of 0.2 [25]. For all ana-
lyses, the influence of potential genetic determinants on
dependent variables was assessed using additive models.
Interaction effects were summarised as a ratio of hazard
ratios with 95 % confidence interval and P-value. Statis-
tical significance was assumed where P < 0.05.

Results
Participant enrolment and follow-up
Three hundred patients with smear-positive pulmonary
TB fulfilling study eligibility criteria were recruited to
the study from the Gulab Devi Chest Hospital, Lahore,
Pakistan between August 2012 and November 2013. Of
these, 40 were excluded from the analysis, 26 due to
sampling after the start of antituberculous treatment and
14 due to haemolysis of blood samples. Of the remaining
260 patients, 248 completed follow-up, 10 were lost to
follow-up and 2 died (Fig. 1).

Baseline characteristics of study participants
The mean age of the 260 participants entering analysis
was 31.6 years (standard deviation 10.5 years, range 14
to 55 years), and 140 (54 %) were female. One hundred
and thirty seven patients (53 %) were enrolled in the
sunnier part of the year (April to September inclusive),
and 123 (47 %) were enrolled in the less sunny part of
the year (October to March inclusive). One hundred and
forty-four patients (55 %) had unilateral disease on chest
radiograph, and 116 (45 %) had bilateral disease.
Seventy-two patients (28 %) fulfilled hospital criteria for
performing drug sensitivity testing, of whom 56 (78 %)
had fully-sensitive disease and 16 (22 %) had MDR TB.
Vitamin D deficiency was highly prevalent at baseline:
140 patients (54 %) had serum 25(OH)D < 25 nmol/L,
97 (37 %) had serum 25(OH)D 25–49.9 nmol/L, 17
(7 %) had serum 25(OH)D 50–74.9 nmol/L and only 6
(2 %) had serum 25(OH)D ≥75 nmol/L (Table 1). Me-
dian 25(OH)D concentration was 23.3 nmol/L (inter-
quartile range 16.0 to 34.0 nmol/L).

Determinants of baseline vitamin D status
Phenotypic and genotypic determinants of baseline vita-
min D status are presented in Table 2. Multivariate ana-
lysis revealed independent associations between profound
vitamin D deficiency (serum 25[OH] D < 25 nmol/L) and
female sex (aOR 2.60, 95 % CI 1.50 to 4.52, P = 0.001); re-
cruitment between October and March, inclusive (aOR
1.75, 95 % CI 1.00 to 3.04. P = 0.047); and bilateral disease
(aOR 1.89, 95 % CI 1.49 to 4.52, P = 0.025; Fig. 2). No in-
dependent associations were observed between baseline
vitamin D status and age, socio-economic status, degree
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of smear-positivity at baseline or any polymorphism
studied.

Determinants of time to sputum smear conversion
Phenotypic and genotypic determinants of time to
sputum smear conversion are presented in Table 3.
Multivariate analysis adjusting for sex, radiological ex-
tent of disease, baseline vitamin D status and drug
sensitivity revealed independent associations between
delayed sputum smear conversion and profound vita-
min D deficiency at baseline (aHR 4.36, 95 % CI 3.25
to 6.65, P < 0.001). Isolation of a multidrug-resistant
organism on sputum culture was also independently
associated with delayed sputum smear conversion
(aHR 3.35, 95 % CI 1.71 to 6.54, P < 0.001)(Fig. 3).
No independent associations were observed between
delayed sputum smear conversion and socio-economic
status, radiographic extent of disease, age or any poly-
morphism investigated.
In order to investigate the possibility that the pres-

ence of undiagnosed MDR-TB may have confounded
the relationship between low baseline vitamin D status
and delayed sputum culture conversion, we repeated
the multivariate Cox regression analysis of determinants
of time to sputum smear conversion in the sub-group
of 72 patients for whom DST results were available,
adjusting for sex, radiological extent of disease, baseline
vitamin D status and drug sensitivity as before. The

independent association between low baseline vitamin D
status and delayed sputum smear conversion remained
strong after adjustment for sex, radiological extent of dis-
ease and drug sensitivity (adjusted Hazard Ratio [aHR]
4.51, 95 % CI 1.91 to 10.70, P = 0.001). The independent
association between presence of MDR TB and delayed
sputum smear conversion was also replicated in this sub-
group analysis (aHR 3.59, 95 % CI 1.77 to 7.30, P < 0.001).
The findings of this sub-group analysis suggest that the as-
sociation between low vitamin D status and delayed spu-
tum smear conversion seen in the study population as a
whole are likely to be independent of the effects of MDR
TB on this outcome.

Influence of gene-environment interaction on time to
sputum conversion
We have previously reported that polymorphisms in
the vitamin D receptor modify the effect of vitamin D
supplementation on time to sputum culture conver-
sion [17]. We were therefore interested to determine
whether the strength of association between profound
vitamin D deficiency and delayed sputum smear con-
version differed according to genetic variation in
VDR, DBP and CYP2R1. Results of the pertinent
interaction analyses are presented in Table 4. Prior to
correction for multiple analyses, statistically significant
associations between profound vitamin D deficiency
and delayed sputum smear conversion were found in

Fig. 1 Participant enrolment and follow-up
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patients with the GG genotype of rs2228570,VDR (ad-
justed HR 6.53, 95 % CI 3.99 to 10.66, P < 0.001) and
in those with the GA genotype (adjusted HR 3.02,
95 % CI 1.82 to 5.01, P < 0.001) but not in those with
the AA genotype (adjusted HR 4.58, 95 % CI 0.56 to
37.25, P = 0.16; P for interaction = 0.03). However, this
interaction did not attain statistical significance after
correction for multiple analyses. P values for the
interaction terms for all other genotypes were >0.05.

Discussion
To our knowledge, this is the first study to investigate po-
tential interactions between vitamin D status and poly-
morphisms in the vitamin D pathway on the response to
antituberculous therapy. We report that profound vitamin
D deficiency is highly prevalent among newly-diagnosed
TB patients in Pakistan, and that it is strongly and inde-
pendently associated with markedly delayed sputum
smear conversion. By contrast, polymorphisms in genes
encoding VDR, DBP and CYP2R1 did not influence either
vitamin D status or response to antituberculous therapy as
main effects.
The high prevalence of profound vitamin D deficiency

that we report among TB patients is striking, especially

given that Lahore is located at 31.5° N, a latitude at
which the intensity of ultraviolet radiation should be suf-
ficient to induce cutaneous vitamin D synthesis year-
round [26]. The mean serum 25(OH)D concentration
among patients in our study (27.3 nmol/L) was lower
than that reported in TB patients elsewhere in Punjab
province, Pakistan (57.4 nmol/L), [27] and lower than
that found among HIV-uninfected adults with active TB
in Cape Town (40.5 nmol/L), [28] a sub-tropical setting
that is approximately equidistant from the equator (lati-
tude 33.9°S). In both of these case–control studies, vita-
min D status was found to be lower among TB patients
vs. controls. We hypothesise that low serum 25(OH)D
concentrations may have preceded the onset of active
TB, and impaired containment of latent TB infection,
thereby leading to the development of active TB. This
hypothesis is supported by findings of longitudinal stud-
ies conducted in Pakistan [24] and elsewhere [11]
reporting that vitamin D deficiency in patients at risk of
active TB precedes the development of active disease.
However, reverse causality or residual confounding can-
not be ruled out as explanations for this association, and
trials of vitamin D for TB prevention are needed in
order to determine whether vitamin D deficiency is a
cause, rather than a consequence, of active TB. The co-
existence of a high prevalence of vitamin D deficiency
and high incidence of tuberculosis in sub-tropical set-
tings such as Pakistan and South Africa makes them ap-
propriate settings for such trials to be conducted. We
also noted that vitamin D deficiency was more prevalent
among female vs. male participants in our study; this
may be attributable to sex differences in sun exposure
and/or dietary vitamin D intake.
Our finding that vitamin D deficiency associates with

impaired response to antituberculous therapy is consist-
ent with reports from other observational studies to in-
vestigate this question. Rathored et al. reported an
inverse association between serum 25(OH)D concentra-
tion and time to sputum smear conversion among
354 patients with multidrug-resistant tuberculosis in
New Delhi, India [9]. Sato et al. reported a similar as-
sociation among 34 patients with drug-sensitive dis-
ease in Fukushima, Japan [10]. More recently, Mehta
et al. reported that vitamin D insufficiency (serum
25[OH]D <75 nmol/L) associated with increased risk
of treatment relapse in a cohort of TB patients in
Tanzania [11]. The consistency of this association in
observational studies contrasts with findings of rando-
mised controlled trials of adjunctive vitamin D to en-
hance response to antituberculous treatment, which
have been more variable, [17, 29–32] although it is
worth noting that studies utilising higher doses of vita-
min D have reported acceleration of sputum smear
conversion by around 2 weeks [29, 33] – similar to the

Table 1 Demographic and clinical characteristics of study
participants at baseline (n = 260)

Age Mean age, years (s.d.) .31.6 (10.5)

Age range, years 14 to 55

Sex Male, N (%) 120 (46 %)

Female, N (%) 140 (54 %)

Socioeconomic statusa Lower, N (%) 177 (68 %)

Higher, N (%) 83 (32 %)

Month of recruitment April - September, N (%) 137 (53 %)

October - March, N (%) 123 (47 %)

Sensitivity profile Fully-sensitive 56 (22 %)

Multidrug-resistant 16 (6 %)

Undetermined 188 (72 %)

Extent of disease Unilateral 144 (55 %)

Bilateral 116 (45 %)

Sputum smear 1–99 AFB per 100 HPF 177 (68 %)

≥100 AFB per 100 HPF 83 (32 %)

Serum
25-hydroxyvitamin D
concentration

Median, nmol/L (IQR) 23.3 (16.0 to 34.0)

<25 nmol/L, N (%) 140 (54 %)

25.0 to 49.9 nmol/L, N (%) 97 (37 %)

50.0 to 74.9 nmol/L, N (%) 17 (7 %)

≥75.0 nmol/L, N (%) 6 (2 %)

AFB acid-fast bacilli, HPF high-power microscopy fields
aLower socioeconomic status indicated by patient being in receipt of financial
aid for hospital costs
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Table 2 Determinants of baseline Vitamin D status (n = 260)

Univariate Multivariate

N 25(OH)D <25 nmol/L,
N (%)

OR (95 % CI) P Adjusted OR
(95 % CI)a

P

Phenotypic
characteristics

Sex Male 120 49 (41 %) Ref Ref

Female 140 91 (65 %) 2.67 (1.62 to 2.45) <0.001 2.60(1.50 to 4.52) 0.001

Season of recruitment Summer 137 66 (48 %) Ref Ref

Winter 123 74 (60 %) 1.62 (0.99 to 2.65) 0.053 1.75 (1.00 to 3.04) 0.047

Socioeconomic statusb Lower 177 96 (54 %) Ref

Higher 83 44 (53 %) 0.95 (0.56 to 1.60) 0.85 - -

Extent of disease Unilateral 144 67 (46 %) Ref Ref

Bilateral 116 73 (63 %) 1.95 (1.18 to 3.21) 0.009 1.89 (1.49 to 4.52) 0.025

Sputum smear 1–99 AFB per 100 HPF 106 53 (50 %) Ref

≥100 AFB per 100 HPF 154 87 (56 %) 0.74 (0.45 to 1.22) 0.24 - -

Age <30 years 124 67 (54 %) Ref

≥30 years 136 73 (54 %) 0.98 (0.60 to 1.60) 0.95 - -

Genotypic
characteristics

rs731236, VDR AA 83 38 (46 %) Ref 0.14

AG 115 67 (58 %) 1.65 (0.93 to 2.92) - -

GG 27 17 (63 %) 2.01 (0.82 to 4.91) - -

rs1544410,VDR CC 53 23 (43 %) Ref 0.098

CT 128 74 (58 %) 1.78 (0.94 to 3.41) 1.66 (0.84 to 3.28) 0.14

TT 54 34 (63 %) 2.21 (1.02 to 4.81) 2.23 (0.98 to 5.05) 0.054

rs2228570,VDR GG 137 76 (55 %) Ref 0.96

GA 83 47 (57 %) 1.04 (0.60 to 1.81) - -

AA 15 8 (53 %) 0.92 (0.31 to 2.67) - -

rs2060793, CYP2R1 GG 112 62 (55 %) Ref 0.81

AG 106 62 (58 %) 0.80 (0.22 to 2.94) - -

AA 10 5 (50 %) 1.13 (0.66 to 1.94) - -

rs10500804, CYP2R1 GG 59 34 (58 %) Ref 0.34

GT 120 69 (58 %) 0.99 (0.53 to 1.87) - -

TT 52 24 (46 %) 0.63 (0.29 to 1.33) - -

rs10766197, CYP2R1 AA 52 29 (56 %) Ref 0.60

AG 124 72 (58 %) 1.18 (0.57 to 2.11) - -

GG 56 28 (50 %) 0.84 (0.37 to 1.72) - -

rs7041, DBP AA 55 34 (62 %) Ref 0.57

AC 106 57 (54 %) 0.72 (0.37 to 1.47) - -

CC 71 38 (54 %) 0.71 (0.34 to 1.45) - -

rs4588,DBP GG 122 66 (54 %) Ref 0.14

GT 91 49 (54 %) 0.99 (0.57 to 1.70) - -

TT 21 16 (76 %) 2.71 (0.93 to 7.88) - -

25(OH)D 25-hydroxyvitamin D, OR odds ratio, Ref referent category, AFB acid-fast bacilli, HPF high-power fields, VDR vitamin D receptor, CYP2R1 vitamin D
25-hydroxylase, DBP vitamin D binding protein
aadjusted for sex, season of recruitment, extent of disease and rs1544410 genotype. blower socioeconomic status indicated by patient being in receipt of financial
aid for hospital costs
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15 day difference in time to conversion reported in this
study. Potential reasons for the discrepancy between ob-
servational studies and clinical trials could be explained
by residual confounding in observational studies; in-
appropriate dosing regimens administered in clinical tri-
als (doses either too small or too widely spaced to
cause sustained elevation of serum 25[OH]D concentra-
tion); or insufficient power to detect potentially modest
effects in drug-sensitive disease. At least three more tri-
als with generous dosing regimens and/or larger sam-
ple sizes are in progress (ClinicalTrials.gov references
NCT01657656, NCT01580007 and NCT00507000),
and their results are awaited with interest.
Our finding that commonly-studied polymorphisms

in the vitamin D receptor did not influence time to
sputum smear conversion contrasts with studies that
have variously reported associations with rs2228570
(FokI), [34] rs731236 (TaqI), [13, 34] and rs1544410
(BsmI) [9]. Moreover, we did not find any association be-
tween polymorphisms in CYP2R1 or DBP and treatment

response. Based on our previous findings suggesting clin-
ically important gene-environment interactions in this
context [15–17] we went on to explore the possibility that
genetic variation in the vitamin D pathway might modify
the influence of vitamin D status on response to antituber-
culous treatment : sub-group analyses revealed the persist-
ence of very strong associations between vitamin D
deficiency and delayed smear conversion across genotypic
sub-groups. Overall, our results suggest that the strong
phenotypic influence of profound vitamin D deficiency
appears to outweigh any more subtle effect of genotypic
variation in the vitamin D pathway on response to anti-
tuberculous therapy.
Our study has several strengths: our investigation of

the influence of gene-environment interactions in the
vitamin D pathway on response to antituberculous ther-
apy is novel, as is our investigation of polymorphisms in
CYP2R1 and DBP. Loss to follow-up was low (<5 %) and
antituberculous treatment was directly observed. More-
over, phenotypic and genotypic data were available to

Fig. 3 Time to sputum smear conversion by baseline vitamin D status (a) and drug sensitivity of M. tuberculosis isolate (b). Numbers of patients
with positive sputum smear remaining in follow-up (number at risk) at 0, 14, 28, 42, 56 and 70 days are shown

Fig. 2 Serum 25-hydroxyvitamin D concentration for n = 260 study participants by sex (a), extent of disease (b) and season (c). P values from
binary logistic regression adjusted for sex, extent of disease, season of enrolment and BsmI vitamin D receptor genotype
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Table 3 Determinants of time to sputum smear conversion (n = 260)

Univariate analysis Multivariate analysis

N Median TTSC,
days (IQR)

HR (95 % CI) P Adjusted
HR (95 % CI)a

P

Phenotypic
characteristics

Sex Male 120 7.5 (7.5–22.5) 1.47 (1.11–1.80) 0.01 1.16 (0.91–1.51) 0.26

Female 140 22.5 (7.5–35) Ref - Ref -

Socioeconomic statusb Lower 177 21 (7.5–30) 0.96 (0.73–1.23) 0.68 - -

Higher 83 21 (7.5–22.5) Ref - - -

Extent of disease Unilateral 144 7.5 (7.5–22.5) 1.38 (1.07–1.78) 0.01 1.21(0.85–1.55) 0.23

Bilateral 116 22.5 (7.5–36.5) Ref - Ref -

Sputum smear 1–99 AFB per 100 HPF 106 7.5 (7.5–22.5) 0.80 (0.6–1.01) 0.60 - -

≥100 AFB per 100 HPF 154 22.5 (7.5–23) Ref - - -

Age <30 years 124 21 (7.5–22.5) 1.14 (0.91–1.50) 0.33 - -

≥30 years 136 22 (7.5–37.5) Ref - - -

25(OH)D <25 nmol/l 140 22.5 (22.5–37.5) 4.93 (3.55–6.86) <0.001 4.36(3.25–6.65) <0.001

≥25 nmol/l 120 7.5 (7.5–7.5) Ref - Ref -

Drug sensitivity Fully–sensitive / unknown 244 15 (7.5–22.5) Ref - Ref -

Multidrug–resistant 16 52.5 (Undefined–35) 3.92 (2.12–7.24) <0.001 3.35 (1.71–6.54) <0.001

Genotypic
characteristics

rs731236, VDR AA 84 7.5 (7.5–22.5) 0.87 (0.71–1.06) 0.16 - -

AG 117 21 (7.5–30)

GG 29 22.5 (7.5–37.5)

rs1544410,VDR CC 53 7.5 (7.5–22.5) 0.89 (0.73–1.08) 0.26 - -

CT 128 21 (7.5–35)

TT 54 21.5 (7.5–23)

rs2228570,VDR GG 138 15 (7.5–23) 1.04 (0.84–1.28) 0.70 - -

GA 83 22.5 (7.5–22.5)

AA 15 7.5 (7.5–22.5)

rs2060793,CYP2R1 AA 10 21 (7.5–22.5) 0.88 (0.69–1.11) 0.28 - -

AG 106 21 (7.5–23)

GG 112 21 (7.5–23)

rs10500804,CYP2R1 GG 59 15 (7.5–22.5) 1.12(0.92–1.38) 0.24 - -

GT 120 22.5 (7.5–35)

TT 52 7.5 (7.5–22.5)

rs10766197,CYP2R1 AA 52 15 (7.5–22.5) 1.13 (0.92–1.38) 0.24 - -

AG 124 22.5 (7.5–35)

GG 56 15 (7.5–22.5)

rs7041,DBP AA 55 22.5 (7.5–22.5) 1.0 (0.83–1.21) 0.94 - -

AC 106 15 (7.5–22.5)

CC 71 7.5 (7.5–23)

rs4588,DBP GG 122 21 (7.5–23) 1.01 (0.82–1.23) 0.90 - -

GT 91 15 (7.5–22.5)

TT 21 22.5 (15–22.5)

TTSC time to sputum smear conversion, IQR interquartile range, HR hazard ratio, Ref referent category, AFB acid–fast bacilli, HPF high–power microscopy fields,
25(OH)D 25–hydroxyvitamin D, VDR vitamin D receptor, CYP2R1 vitamin D 25–hydroxylase, DBP vitamin D binding protein
aadjusted for sex, extent of disease, baseline vitamin D status and drug sensitivity; blower socioeconomic status indicated by patient being in receipt of financial
aid for hospital costs
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allow us to adjust for potential confounders of the rela-
tionship between vitamin D status and treatment re-
sponse using multivariate analysis.
Our study also has some limitations. First, it was ob-

servational in nature; accordingly, residual confounding
cannot be excluded as an explanation for the associ-
ation between vitamin D deficiency and delayed smear
conversion that we report. Second, information on time
to sputum culture clearance was not available to us:
culture is both more sensitive and more specific than
microscopy for the detection of viable mycobacteria in
sputum, and sputum culture conversion is the only out-
come of intensive-phase treatment that has been shown
to correlate with 2-year risk of relapse [35]. Third, drug
sensitivity testing was not performed for all M. tubercu-
losis isolates, due to limited availability of resources.
However, sensitivity testing was performed in patients
at risk of drug-resistance (i.e. those who were sputum-
smear positive after 2 weeks of intensive-phase anti-TB

treatment, and who had either been previously treated
for tuberculosis or who were known to have had con-
tact with patients with confirmed MDR-TB). These cri-
teria are used in day-to-day clinical practice at Gulab
Devi Chest Hospital, and have proven to be sensitive
for the identification of patients with drug-resistant
tuberculosis: thus, there is a rationale for assuming
that patients who did not fulfil these criteria are
likely to have drug-sensitive disease.

Conclusion
In conclusion, we report that profound vitamin D defi-
ciency is highly prevalent among pulmonary TB patients
in Lahore, Pakistan, and that this associates with mark-
edly delayed sputum smear conversion in a genotype-
independent manner. Our study adds to the growing
body of literature pointing to inadequate vitamin D sta-
tus as a correctable risk factor for delayed response to
antituberculous therapy.

Table 4 Influence of vitamin D status on time to sputum smear conversion by genetic sub–groups

SNP, Gene Genotype N Adjusted HR for 25(OH)D <25
vs. ≥25 nmol/L (95 % CI)a

P HR, interaction term (95 % CI) Pinteraction
b

rs731236, VDR AA 84 5.87 (3.20–10.76) <0.001 0.84 (0.56–1.24) 0.37

AG 117 4.27 (2.65–6.86) <0.001

GG 29 5.53 (1.92–15.94) <0.001

rs1544410,VDR CC 53 5.97 (2.73–13.04) <0.001 0.79 (0.53–1.17) 0.24

CT 128 4.45 (2.81–7.05) <0.001

TT 54 4.61 (2.25–9.43) <0.001

rs2228570,VDR GG 138 6.53 (3.99–10.66) <0.001 0.61 (0.38–0.96) 0.03

GA 83 3.02 (1.82–5.01) <0.001

AA 15 4.58 (0.56–37.25) 0.16

rs7041,DBP AA 55 4.81 (2.49–9.32) <0.001 1.0 (0.69–1.45) 0.98

AC 106 6.39 (3.61–11.30) <0.001

CC 71 3.29 (1.86–5.83) <0.001

rs4588,DBP GG 122 3.65 (2.32–5.75) <0.001 1.09 (0.70–1.68) 0.69

GT 91 6.46 (3.60–11.59) <0.001

TT 21 3.92 (3.60–5.78) <0.001

rs10500804,CYP2R1 GG 59 4.46 (2.28–8.71) <0.001 1.06 (0.71–1.58) 0.76

GT 120 4.69 (2.89–7.61) <0.001

TT 52 5.38 (2.35–12.31) <0.001

rs2060793,CYP2R1 AA 10 4.47 (0.81–24.47) 0.084 0.86 (0.54–1.36) 0.53

AG 106 6.79 (3.86–11.94) <0.001

GG 112 4.10 (2.52–6.68) <0.001

rs10766197,CYP2R1 AA 52 4.15 (2.08–8.29) <0.001 1.03 (0.68–1.54) 0.88

AG 124 5.12 (3.15–8.32) <0.001

GG 56 4.82 (2.25–10.30) <0.001

SNP single nucleotide polymorphism, HR hazard ratio, 25(OH)D 25–hydroxyvitamin D, CI confidence interval, VDR vitamin D receptor, CYP2R1 vitamin D
25–hydroxylase, DBP vitamin D binding protein
aadjusted for drug sensitivity profile; bnone of these were significant using a Benjamini and Hochberg procedure controlling the false discovery rate at 20 %
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