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A B S T R A C T   

The CYP2R1 gene express the enzyme 25-hydroxylase, involved in the synthesis of major circulating vitamin D 
metabolite 25-hydroxyvitaminD [25(OH)D]. CYP2R1 gene variants have been reported to be associated with 
altered 25(OH)D level and associated with the development of active disease including tuberculosis (TB). The 
aim of the present study was to understand the association of rs10741657 (G/A) and rs2060793(A/G) CYP2R1 
gene polymorphisms with tuberculosis susceptibility/protection in 104 Healthy controls (HCs) and 105 pul-
monary tuberculosis (PTB) patients and to understand the influence of gene variants on 25(OH)D levels in South 
Indian population. Genotyping was performed by polymerase chain reaction trailed by restriction fragment 
length polymorphism (PCR-RFLP) method. Plasma samples were used for 25(OH)D level estimation by ELISA 
method. In rs10741657, under a dominant model (GG vs AG + AA), “AG” and “AA” genotypes as well as in 
rs2060793 under an overdominant model (GA vs GG + AA), “GA” genotype were significantly associated with 
protection to pulmonary tuberculosis. Based on sex, rs10741657 “AG” was significantly associated with pro-
tection and “GG” was significantly associated with susceptibility to TB in males. A sufficient vitamin D level was 
found with rs10741657 “AA” and “AG” genotypes and “GG” genotype associated with 81.8% of vitamin D 
deficiency in PTB individuals. In conclusion, rs10741657 “AG” and “AA” genotypes were associated with higher 
25(OH)D levels and protection to TB. The lower 25(OH)D levels associated with rs10741657 “GG” genotype 
individuals may be recommended for higher vitamin D supplementation for better outcome from the disease. 
Further studies with large sample size are needed to confirm this study finding.   

1. Introduction 

Tuberculosis (TB) is a health hazard and ranks one among the top 10 
causes of death.The main etiological agent responsible for this disease is 
Mycobacterium tuberculosis. Globally, 10 million people fell ill with 1.3 
million TB deaths among HIV-negative people in 2018. India (27%) 

stands topmost among eight countries which accounted for two-third of 
global TB burden (Global TB, 2019). Case-control studies reported in-
dependent association of vitamin D deficiency with tuberculosis, but 
such studies have limitations due to them being cross-sectional in na-
ture. However, many genetic studies done earlier supported the role of 
vitamin D deficiency and its association with tuberculosis susceptibility. 
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Studies with Twins reported the association of genetic factors with 
serum 25-hydroxyvitaminD [25(OH)D] levels (Snellman et al., 2009; 
Karohl et al., 2010). Several candidate gene polymorphisms such as 
vitamin D-binding protein (GC), vitamin D receptor (VDR), vitamin D 
1α-hydroxylase (CYP27B1), 24-hydroxylase (CYP24A1), and 25-hydrox-
ylase (CYP2R1) are reported to be associated with serum 25(OH)D levels 
(Bu et al., 2010; McGrath et al., 2010). Moreover, genome-wide asso-
ciation studies (GWAS) have shown that candidate gene polymorphisms 
to be associated with 25(OH)D levels (Ahn et al., 2010; Wang et al., 
2010). 

CYP2R1 gene (codes: 25-hydroxylase) belongs to cytochrome-P450 
(CYP) family located on the short arm of Chromosome 11(11p15.2; 
http:// www.ncbi.nlm.nih.gov/ gene/120227) and involved in the 
synthesis of major circulating vitamin D metabolite 25(OH)D and 
determine vitamin D status. A study conducted on Jordanian population 
and among North Indian population reported that Cyp2R1 rs10741657 
and rs2060793 polymorphism heterozygous genotype “GA” to be asso-
ciated with vitamin D deficiency and increased disease risk (Lafi et al., 
2015; Haldar et al., 2018). In contrary the study conducted in Pakistani 
population found no association with TB, however, they identified that 
female participants to be more susceptible to vitamin D deficiency due to 
less exposure to sun compared to males. Moreover, they reported that 
delayed sputum conversion is genotype independent (Junaid et al., 
2015). In addition, it has been reported that DNA methylation in vitamin 
D pathway genes lead to the development of pulmonary tuberculosis 
(Wang et al., 2018). 

Our earlier studies reported the association of vitamin D receptor 
(VDR) gene promoter and 3’UTR polymorphisms to be associated with 
pulmonary tuberculosis (Selvaraj et al., 2000; Selvaraj et al., 2004; 
Selvaraj et al., 2008; Harishankar et al., 2018). However, the association 
of vitamin D pathway gene variants with pulmonary tuberculosis has not 
yet been studied. Hence, we performed this study to understand whether 
CYP2R1 gene polymorphisms rs10741657 (G/A) and rs2060793 (A/G) 
are associated with susceptibility/protection to pulmonary tuberculosis 
and to determine the influence of gene variants on 25(OH)D levels in 
South Indian population. 

2. Materials and methods 

2.1. Study population 

Healthy Control Group consisted of individuals of college students, 
laboratory personnel and volunteers who are asymptomatic for TB. In 
our study, 104 of them were healthy control and 105 Pulmonary 
tuberculosis patient group were positive for pulmonary tuberculosis by 
X-Ray and confirmed by culture test for Mycobacterium tuberculosis. Both 
the study groups were recruited from the National Tuberculosis 
Research Centre (NIRT), Chennai, India. This study has been approved 
by the ethical committee of NIRT and written consent was obtained from 
all participants of the study. All the individuals in this study represent 
the indigenous group of the South Indian population living in and 
around Chennai. 

2.2. Genomic DNA isolation 

Genomic DNA was extracted from granulocytes by simple salting out 
procedure as described earlier (Miller et al., 1988). At the end, genomic 
DNA was dissolved in Tris-EDTA (TE) buffer (pH 8.0) and purity was 
checked at 260/280 nm by using Nanodrop “ND1000” spectrophotom-
eter and stored at − 80 ◦C until use. Genotyping was done by polymerase 
chain reaction followed by restriction fragment length polymorphism 
(PCR-RFLP) method for CYP2R1 rs10741657(G/A) and rs2060793(A/ 
G) polymorphisms (Lafi et al., 2015; Haldar et al., 2018). The 25(OH)D 
levels were estimated from stored plasma samples. 

2.3. Genotyping of rs10741657 

Amplification of 288 base pairs (bp) was done by PCR using forward 
primer (FP): 5’-GGGAAGAGCAATGACATGGA-3′ and reverse primer 
(RP) 3’-GCCCTGGAAGACTCATTTTG-5′. After amplification, the PCR 
product was digested with 3 units of MnII restriction enzyme (New En-
gland Biolabs) at 37 ◦C overnight in a total volume of 20 μl. The ho-
mozygous “GG” genotype gave rise to 3 bands of 151 bp, 105 bp, and 32 
bp fragment size, while infrequent “AA” genotype gave rise to 2 bands of 
256 bp and 32 bp fragment size and the heterozygous genotype “AG” 
yielded 4 bands of 256 bp, 151 bp, 105 bp and 32 bp fragment size (Lafi 
et al., 2015). 

2.4. Genotyping of rs2060793 

The PCR product 820 bp was amplified using FP:5’-TTCTA-
GAGGCTGCCCACATTCCTT-3′ and RP: 3’-GTTGCAAAGGCAGGGTT-
GATCT − 5′ and digested with 3 U of HinfI restriction enzyme (New 
England Biolabs) at 37 ◦C for overnight incubation. The homozygous 
“GG” genotype gave rise to 3 bands of 645 bp, 102 bp, and 73 bp frag-
ment size, while infrequent “AA” genotype gave rise to 2 bands of 747 bp 
and 73 bp and the heterozygous genotype “GA” yielded 4 bands of 747 
bp, 645 bp, 102 bp and 73 bp size (Haldar et al., 2018). 

2.5. 25(OH)D level estimation 

Epitope diagnostics (EDI), total 25(OH) vitamin D enzyme immu-
noassay (EIA) kit (EDI, San Diego, CA 92121, USA) was used to estimate 
plasma 25(OH)D levels as per protocol. The detection range of the kit is 
0–150 ng/ml. The rs10741657 (G/A) and rs2060793 (A/G) gene vari-
ants were correlated with plasma 25(OH)D levels. 

2.6. Statistical analysis 

The allele, genotype, and haplotype frequencies were predicted 
using the SNP stats software. For associations involving genotypes, p- 
values with an odds ratio for gender and age were calculated by logistic 
regression under codominant, dominant, recessive and overdominant 
models. Pearson χ2 test was used to check if the genotype frequencies fall 
under Hardy–Weinberg equilibrium. Odds ratio with 95% confidence 
intervals and the p-value table with Yates correction were estimated 
using Epi info version 6.04 (Sole et al., 2006). Based on lowest value of 
Akaike information criterion (AIC) and Bayesian information criterion 
(BIC), dominant model for rs10741657 and overdominant model for 
rs2060793 polymorphism was selected. The 25(OH)D levels between 
different genotypes in the same group was analyzed by paired “t” test 
and different group by independent “t” test. A p-value ≤0.05 was 
considered statistically significant. 

3. Results 

The genotype frequencies were under Hardy Weinberg equilibrium 
in both the polymorphisms. 

3.1. rs10741657 (G/A) and rs2060793 (A/G) polymorphism 

In rs10741657, the major allele ‘G’ was present among 59% in HCs 
and 71% in TB patients whereas ‘A’ allele was found 41% in HCs and 
29% in patients. Under the dominant model (GG vs AG + AA), “AG” and 
“AA” genotypes were significantly associated with protection to pul-
monary tuberculosis [OR: 0.37(0.20–0.70); p = 0.0017] (Table 1). 

In rs2060793, the major allele ‘G’ was present among 58% in HCs 
and 65% in TB patients. Allele ‘A’ was found in 42% of HCs and 35% in 
patients. Under overdominant model (GA vs GG + AA), ‘GA’ genotype 
associated significantly with protection to pulmonary tuberculosis [OR: 
0.47(0.24–0.94); p = 0.031] (Table 2). 
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3.2. Cyp2R1 polymorphisms among male and female 

Among male and female individuals, age-adjusted difference be-
tween genotype frequencies based on sex, were determined in HCs and 
PTB patients. 

In rs10741657 polymorphism, the males with heterozygous geno-
type “AG” significantly associated with TB protection [OR; 0.44 
(0.20–0.95; p = 0.035). Moreover, in males, the homozygous genotype 
“GG” associated with TB susceptibility [OR; 2.65(1.17–6.03; p = 0.017), 
while a trend towards susceptibility was observed in females [OR; 2.88 
(0.95–8.85); p = 0.062] (Table 1). 

In rs2060793, no significant association was observed with TB. 
However, in “GG” genotype odds ratio was associated with susceptibility 

in female [OR: 2.5(0.69–9.22) and male [OR: 1.69(0.66–4.39) in-
dividuals. In addition, a protective odds ratio was found with “GA” ge-
notype [Male: 0.58(0.23–1.44); female: 0.31 (0.08–1.21) (Table 2). 

When the genotype frequencies was analyzed for heterogeneity be-
tween male and female, it revealed that males were associated with 
more susceptibility compared with females in both the polymorphisms 
(OR > 2). 

Table 1 
Allele and Genotype frequencies of Cyp2r1 rs10741657 polymorphism and its 
association with vitamin D status in HCs and PTB patients.  

Test of 
Analysis 

Allele/ 
Genotypes 

Allele/Genotype 
frequencies 

Odds 
ratio 
(95%CI) 

p-value 

HCs PTB 

Allele G 0.59 
(122)$ 

0.71 
(150)$   

A 0.41 
(86)$ 

0.29 
(60)$ 

Genotype 
Association  

n¼104 n¼105   
GG 0.30(31) 0.51(54) 1  
AG 0.58(60) 0.40(42) 0.37 

(0.20- 
0.70)# 

0.0017# 

AA 0.12(13) 0.09(09) 

Gender 
Association 

Female n¼52 n¼24   
GG 0.33(17) 0.58(14) 2.88 

(0.95- 
8.85) 

0.062 

AG 0.52(27) 0.29(07) 0.38 
(0.12- 
1.19) 

NS 

AA 0.15(08) 0.13(03) 0.79 
(0.15- 
3.77) 

NS 

Male n¼52 n¼81   
GG 0.27(14) 0.50(40) 2.65 

(1.17- 
6.03) 

0.017 

AG 0.63(33) 0.43(35) 0.44 
(0.20- 
0.95) 

0.035 

AA 0.10(05) 0.07(06) 0.75 
(0.19- 
3.04) 

NS 

25(OH)D 
Status 

Genotypes 25(OH)D Levels Odds 
ratio 
(95%CI) 

p-value 
<20ng/ 
ml 

>20ng/ 
ml 

HCs  n¼11 n¼14   
GG 0.273(3) 0.0(0) UD* 0.072 
AG 0.545(6) 0.786 

(11) 
0.33 
(0.04- 
2.47) 

0.389 

AA 0.182(2) 0.214(3) 0.81 
(0.07- 
8.32) 

1 

PTB  n¼11 n¼9   
GG 0.818(9) 0.0(0) UD* 0.0003 
AG 0.182(2) 0.667(6) 0.11 

(0.01- 
1.21) 

0.065 

AA 0.0(0) 0.333(3) 0.00(0.0- 
1.75) 

0.074 

# Based on dominant model (GG vs AG + AA), age and sex adjusted odds ratio 
value and p-value mentioned. n represents number of individuals studied. * 
Undefined; $ Numbers in parenthesis denotes allelic counts. In Genotype fre-
quencies, numbers in parenthesis denotes number of individuals positive for that 
genotype. Among gender and 25(OH)D status, Epi Info was used to derive p- 
value with Yates correction and odds ratios (OR) with 95% confidence intervals. 

Table 2 
Allele and Genotype frequencies of Cyp2r1 rs2060793 polymorphism and its 
association with vitamin D status in HCs and PTB patients.  

Test of Analysis Allele/ 
Genotypes 

Allele/Genotype 
frequencies 

Odds  
ratio 
(95%CI) 

p-value 

HCs PTB 

Allele G 0.58 
(83)$ 

0.65 
(102)$   

A 0.42 
(61)$ 

0.35 
(54)$ 

Genotype 
Association  

n¼72 n¼78   
GG 0.31(22) 0.46(36)   
GA 0.54(39) 0.39(30) 0.47 

(0.24- 
0.94)@ 

0.031@ 

AA 0.15(11) 0.15(12)         

Gender 
Association 

Female n¼35 n¼20   
GG 0.29(10) 0.50(10) 2.50 

(0.69- 
9.22)  

GA 0.51(18) 0.25(05) 0.31 
(0.08- 
1.21) 

NS 

AA 0.20(07) 0.25(05) 1.33 
(0.30- 
5.87)  

Male n¼37 n¼58   
GG 0.32(12) 0.45(26) 1.69 

(0.66- 
4.39) 

NS 

GA 0.57(21) 0.43(25) 0.58 
(0.23- 
1.44) 

AA 0.11(04) 0.12(07) 1.13 
(0.27- 
5.06) 

25(OH)D 
Status 

Genotypes 25(OH)D Levels Odds 
ratio 
(95%CI) 

p- 
value <20ng/ 

ml 
>20ng/ 
ml 

HCs  n¼7 n¼6   
GG 0.0 (0) 0.500 

(3) 
0.00 (0.0- 
1.78) 

0.070 

GA 0.857 
(6) 

0.500 
(3) 

6.00 
(0.28- 
246) 

0.266 

AA 0.143 
(1) 

0.0 (0) UD* 1 

PTB  n¼9 n¼11   
GG 0.445 

(4) 
0.454 
(5) 

0.96 
(0.11- 
8.07) 

1 

GA 0.333 
(3) 

0.364 
(4) 

0.88 
(0.09- 
8.00) 

1 

AA 0.222 
(2) 

0.182 
(2) 

1.29 
(0.09- 
18.20) 

1 

@ Based on overdominant model (GA vs GG + AA), age and sex adjusted odds 
ratio value and p-value mentioned. n represents number of individuals studied. * 
Undefined; $ Numbers in parenthesis denotes allelic counts. In Genotype fre-
quencies, numbers in parenthesis denotes number of individuals positive for that 
genotype. Among gender and 25(OH)D status, Epi Info was used to derive p- 
value with Yates correction and odds ratios (OR) with 95% confidence intervals. 
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3.3. Haplotype frequency 

Among haplotypes such as GG, AA, GA, and AG no significant result 
was found with haplotype frequencies between HCs and PTB patients. 
Among those with “GG” frequency was found higher (HCs: 53.8%; PTB: 
63.3%) followed by “AA” (HCs: 35.5%; PTB: 23%), “GA” (HCs: 6.2%; 
PTB: 8.5%) and “AG” (HCs: 4.5%; PTB: 5.2%). However, sex within 
haplotypes revealed “GA” and “GG” haplotypes to be associated with TB 
susceptibility in males [GG: OR; 3.21 (0.92–11.23); GA: OR; 4.67 
(0.32–67.34)] compared with females. 

3.4. 25(OH)D levels among variant genotypes of Cyp2R1 polymorphisms 

Among genotypes of rs10741657 polymorphism, the higher 25(OH) 
level was found with “AA” genotype and the lower level was associated 
with “GG” genotype in HCs and PTB patients. When the 25(OH) level 
was compared between variant genotypes, significantly higher level was 
found with “AG” and “AA” genotypes compared with “GG” genotype 
(“GG vs “AG“: HCs, p=0.026; PTB, p<0.0001; “GG“ vs “AA“: HCs, 
p=0.036; PTB, p=0.0091). In addition, a significantly higher level was 
observed with “AA“ genotype compared with “AG“ genotype of PTB 
patients (“AG” vs “AA”; p = 0.012) (Fig 1A). 

In variant genotypes of rs2060793 polymorphism, higher 25(OH) 
level was found with “AA” genotype and lesser level was observed with 
“GG” genotype of PTB patients. No significant difference was observed 
in 25(OH) level among genotypes in HCs and PTB patients (Fig 1B). 

3.5. Cyp2R1 gene variants among deficient and sufficient 25(OH)D levels 

The rs10741657 and rs2060793 polymorphic gene variants were 
compared between <20 ng/ml (deficient) and > 20 ng/ml (sufficient) 
vitamin D status. In rs10741657 polymorphism, individuals with “AG” 
(OR: 0.11 (0.01–1.21), p = 0.065) and “AA” genotypes (OR: 0.00 
(0.0–1.75), p = 0.074) were associated with sufficient 25(OH)D level in 
PTB patients (“AG”: 66.7%; “AA”: 33.3%). Moreover, “GG” genotype 
was significantly associated with deficient 25(OH)D level (81.8%) in 
PTB patients (p = 0.0003) while a similar trend was observed in HCs (p 
= 0.072). In addition, none of the individuals were positive for sufficient 
level in “GG” genotype (Table 1). Hence, we observed undefined odds 
ratio in both the study groups. However, there no significant association 

found with rs2060793 gene variants with deficient and sufficient 25 
(OH)D level in HCs and PTB patients (Table 2). 

4. Discussion 

Nutritional deficiency, particularly vitamin D is reported to be 
associated with TB in various ethnic populations (Gibney et al., 2008; 
Nnoaham and Clarke, 2008). Several studies such as twin, family-based 
studies, candidate gene analysis and genomic-wide association studies 
(GWAS) confirmed the association of genetic factors with 25(OH)D 
levels and accounts from 23 to 80% (Snellman et al., 2009; Karohl et al., 
2010; Shea et al., 2009; Bu et al., 2010; McGrath et al., 2010; Ahn et al., 
2010; Wang et al., 2010). In addition, ethnic variations also have been 
reported (Signorello et al., 2011). Polymorphisms in CYP2R1 gene has 
been reported to be associated with 25(OH)D deficiency (Ahn et al., 
2010; Lafi et al., 2015). Since the association of CYP2R1 gene variants 
with TB has not yet studied in our population, we attempted to under-
stand if rs10741657(G/A) and rs2060793(A/G) polymorphisms were 
associated with pulmonary tuberculosis and to determine the influence 
of CYP2R1 polymorphic variants on 25(OH)D levels in our population. 

Our study revealed that in rs10741657(G/A) polymorphism, a sig-
nificant protective association was found with “AG” and “AA” genotypes 
under a dominant model (GG vs AG + AA) with pulmonary tuberculosis 
[OR: 0.37(0.20–0.70); p = 0.0017] (Table 1). A similar protective as-
sociation was found with heterozygous ‘GA’ genotype of rs2060793 (A/ 
G) polymorphism under overdominant model (GA vs GG + AA) [OR: 
0.47(0.24–0.94); p = 0.031] (Table 2). Based on gender, a protective 
association was observed with rs10741657 “AG” genotype in males [OR; 
0.44(0.20–0.95; p = 0.035). Moreover, “GG” genotype was associated 
with risk for TB in male [OR; 2.65(1.17–6.03); p = 0.017] and similar 
trend was found in female [OR; 2.88(0.95–8.85); p = 0.062] (Table 1). 
Haplotypes within sex revealed that “GA” [OR; 4.67 (0.32–67.34)] and 
“GG” [OR; 3.21 (0.92–11.23)] to be associated with TB susceptibility in 
males compared with females. In the study conducted among Jordanian 
and Denmark population, a similar protective association was found 
with “AG” and “AA” genotypes of rs10741657 polymorphism and a risk 
was associated with “GG” genotype (Lafi et al., 2015; Nissen et al., 
2014). Longitudinal and Case-control studies conducted in Lahore re-
ported no association in rs2060793 (A/G) polymorphic variants with 
TB, however the similar protective trend was found with “GA” genotype 

Fig. 1. Vitamin D levels among gene 
variants in HCs and PTB patients A. 25 
(OH)D levels among rs70141657 gene vari-
ants in HCs (GG, n = 3; AG, n = 17; AA, n =
5) and PTB (GG, n = 9; AG, n = 8; AA, n = 3) 
patients. Results are expressed as mean ±
SD. p value analyzed by paired’t’ test among 
same group. In HCs: p* = 0.036; p@ = 0.026. 
In PTB: p* = 0.0091; p@ < 0.0001 and p# =

0.012. B. 25(OH)D levels among rs2060793 
gene variants in HCs (GG, n = 3; GA, n = 9; 
AA, n = 1) and PTB (GG, n = 9; GA, n = 7; 
AA, n = 4) patients.   
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(Junaid et al., 2015; Junaid et al., 2016). 
Our earlier studies revealed that vitamin D receptor (VDR) gene 

variants to be associated with vitamin D levels and upregulated the 
expression of antimicrobial peptide cathelicidin (CAMP) which enhance 
the intracellular killing of M. tuberculosis in macrophages (Selvaraj et al., 
2009). Similarly, we studied the influence of CYP2R1 gene variants on 
vitamin D level in HCs and PTB patients. In both study groups, a 
significantly higher 25(OH)D level was found with “AA” and “AG” ge-
notypes compared with “GG” genotype in rs10741657(G/A) poly-
morphism while no significant difference was found with rs2060793(A/ 
G) polymorphism. Based on the analysis between vitamin D status being 
below (deficient) or above (sufficient) 20 ng/ml (Table 1), In 
rs10741657 “GG” genotype 81.8% of PTB individuals significantly (p =
0.0003) associated with vitamin D deficiency (<20 ng/ml) and a similar 
trend was observed with 27.3% in HCs (p = 0.072). None of the in-
dividuals were found with sufficient level and the odds ratio was found 
to be undefined in both the study groups. Whereas, among rs10741657 
“AG” genotype, 66.7% of PTB individuals were found to have sufficient 
25(OH)D levels and 18.2% were found to have 25(OH)D deficiency 
(Odds ratio [OR]: 0.11(0.01–1.21); p = 0.065). In rs10741657 “AA” 
genotype, 33.3% of the PTB individuals were found with sufficient 25 
(OH)D levels and none of them had deficient level (OR:0.0[0.0–1.75]; p 
= 0.0740). A similar trend was found in HCs but the difference not found 
significant (Table 1). Similar to our finding, rs10741657 “AA” and “AG” 
genotypes were associated with increased 25(OH)D level in Jordanian 
population (Lafi et al., 2015), in a genome-wide association study con-
ducted in Chinese population (Wang et al., 2010) and from a study re-
ported from a German population (Ramos-Lopez et al., 2007). The 
longitudinal study conducted in Lahore revealed that genetic variants of 
rs2060793 (A/G) polymorphism didn’t associate with vitamin D status 
as found in our study (Junaid et al., 2015). Moreover, they that response 
to anti-tuberculosis treatment was not associated with rs2060793 gene 
variants and that vitamin D deficiency was observed in 55% of “GG” 
genotype, 58% and 50% among “GA” and “AA” genotype individuals. In 
addition, they reported that delayed sputum conversion was associated 
with vitamin D deficiency in a genotype independent mode (Junaid 
et al., 2015). 

Studies reported the control of gene expression by epigenetic which 
involves DNA methylation of cytosine in a CpG dinucleotide (Guasta-
fierro et al., 2017). It has been shown that hypermethylation in cyto-
chrome 450 gene promoter leads to suppression of vitamin D levels (Zhu 
et al., 2013). A study identified methylation pattern in the promoter 
region of vitamin D pathway genes, including CYP2R1 and its associa-
tion with lower vitamin D levels. The results identified 55 different 
methylated CpG sites between cases and controls. Moreover, among 23 
treatment outcome related CpG sites 5.9% associated with CYP2R1 gene 
(Wang et al., 2018). Another study reported that CYP2R1 baseline 
methylation inversely correlated with 25(OH)D levels and hyper DNA 
methylation needed higher vitamin D supplementation to optimize the 
level (Zhou et al., 2014). The individuals with lower 25(OH)D level in 
rs10741657 “GG” genotype in this study might have hypermethylation 
in CpG sites compared with “AA” and “AG” genotype individuals. The 
observational studies reported that vitamin D deficiency associated with 
poor response to anti-TB therapy. In a North Indian study conducted in 
354 multi-drug resistant TB patients found negative correlation between 
25(OH)D level and sputum conversion time (Rathored et al., 2012). A 
similar result was found with Japanese study conducted in 34 drug- 
sensitive cases (Sato et al., 2012). Moreover, vitamin D in-sufficiency 
is reported to be associated with treatment relapse in a cohort of TB 
patients in Tanzania (Mehta et al., 2013). In addition, studies using 
higher dosage of vitamin D are found to be associated with accelerated 
sputum conversion in around 14 days (Nursyam et al., 2006; Coussens 
et al., 2012). However, inconsistency was observed with randomised- 
controlled trails compared with observational studies due to improper 
vitamin D dosing regimens and small sample size. The above studies 
suggest that the deficient 25(OH)D level found with rs10741657 “GG” 

genotype might be associated with hypermethylation which could lead 
to the development of disease severity and delayed response to anti-TB 
treatment. This study has limitations due to ethnic variation and small 
sample size, which could be a predominant limiting factor to hinder the 
detection of minor associations that needs to be resolved by expanding 
the study with larger sample size. 

In conclusion, rs10741657 “AG” and “AA” genotypes were signifi-
cantly associated with protection to TB under a dominant model (GG vs 
AG + AA). A similar protective association was found with heterozygous 
rs2060793 ‘GA’ genotype under overdominant model (GA vs GG + AA). 
Based on gender, males were associated with more susceptibility 
compared with females. In rs10741657 “GG” genotype was significantly 
associated with TB risk in male and similar trend was found in females. A 
sufficient vitamin D level was found with rs10741657 “AA” and “AG” 
genotypes while in “GG” genotype, 81.8% of PTB individuals signifi-
cantly were associated with vitamin D deficiency and such individuals 
may be recommended for higher vitamin D supplementation to optimize 
the level for a better outcome from the disease. Further studies with 
larger sample size are needed to confirm the association of these gene 
variants with vitamin D level and its association with TB outcome. 
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