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Background & objectives: Sahariya, a primitive tribe of Central India, has shown significantly increased
incidence of pulmonary tuberculosis (PTB). Our previous study on Sahariya showed a significant
association of −403G>A single nucleotide polymorphism (SNP) of CCL5 with susceptibility to PTB.
Hence, this study was aimed to analyze a genotype-phenotype relationship of this disease-associated SNP
to develop a potential diagnostic marker for TB in this tribe.
Methods: The present study was carried out on 70 plasma samples from Sahariya tribe, wherein the
plasma CCL5 level was determined using a commercially available ELISA kit.
Results: The level of CCL5 decreased significantly in patients who were on therapy/completed their
therapy [inactive TB patient/inactive PTB (IPTB)], particularly with AA genotype of −403G>A (P=0.046).
The level, with AA genotype, was also found to gradually decrease in sputum 3+ and 1+/2+ than in
sputum-negative samples. Similarly, the CCL5 level was found to be higher in sputum-positive/active TB
patients than in IPTB group and healthy controls.
Interpretation & conclusions: Our results suggested that the CCL5 level was influenced collectively not
only by the genotypes of −403G>A SNP and bacillary load but also by the treatment. Thus, CCL5 may be
considered for the development of a diagnostic marker and also as an indicator of recovery.
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The Central Indian State, Madhya Pradesh, is
home to a large number of tribes, Sahariya being one
of them. According to the Census, 1981, Sahariya has
been identified as ‘aboriginal’ and then categorized
as ‘primitive tribe’1. They live in an environment,
highly endemic to various infectious diseases such as
tuberculosis (TB) which was evident from our surveys

during 2005-2012, revealing a high incidence of TB in
Sahariya, as compared to their non-tribal neighbours2-4.
They have recently been categorized as particularly
vulnerable tribal groups5.
TB which, in 2016, caused approximately
1.3 million deaths and affected an estimated
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10.4 million people6, is a multi-factorial disease
and its pathogenesis depends on the host genetics
and gene-environment/pathogen interaction. This is
strengthened by the fact that only 10 per cent of the
Mycobacterium tuberculosis-infected individuals
develop TB7. A successful host inflammatory response,
to invading microbes, results in granuloma formation,
which benefits the host8 and provides niche for
M. tuberculosis persistence9. This granuloma formation
depends on the recruitment of activated macrophages10
and T-cells11 to the site of infection which is mediated
by chemokines. CCL5 or regulated on activation,
normal T-cell expressed and secreted (RANTES) is
a Th1 chemokine that promotes T-cell activation and
proliferation and helps in chemotaxis of memory
T-cells to the site of infection12. Several reports have
shown the association of chemokines, particularly
CCL5, secreted by the macrophages, with pathogenesis
or susceptibility to TB, due to their important role
in the regulation of T-cell activation and expression
during M. tuberculosis infection13. It is likely that
polymorphisms in this gene, which may cause altered
regulation of CCL5, can influence the pathogenesis of
the disease. Our earlier study carried out in Sahariya
tribe showed a significant association of −403G>A
(rs2107538) of CCL5 with TB susceptibility, alone or in
combination with other polymorphisms14. Considering
the possible role of CCL5 in TB pathogenesis, this
study was conducted to establish a genotype-phenotype
relationship for −403G>A polymorphism of CCL5 to
develop a potential diagnostic marker or therapeutic
target for Sahariya tribe of Central India.
Material & Methods
Sample collection: A total of 70 individuals,
comprising age-matched 44 clinically diagnosed
TB patients [mean age±standard deviation (SD):
37.39±6.99 yr] and 26 unrelated healthy controls
(mean age±SD: 37.5 ± 6.19 yr), were selected according
to different genotypes of −403G>A SNP from samples
of our study, where 210 TB patients and 210 healthy
controls of Sahariya tribe were genotyped14. These
samples were previously recruited from Sheopur
district, Madhya Pradesh, India, for the study through
a field-based sampling programme. The TB patients
were diagnosed and categorized into two groups; active
pulmonary tuberculosis (APTB) patients and inactive
pulmonary tuberculosis (IPTB) patients. The APTB
group included patients who were sputum/culture
positive and were not on therapy. Further, at the
Revised National Tuberculosis Control Programme
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(RNTCP) Unit, Sheopur District Hospital, sputum
samples were categorized as sputum 1+, 2+ or 3+ on
the basis of an earlier described method15. However,
the IPTB category of TB patients included the patients
who were on therapy or who had completed their DOTs
course. These IPTB patients were not relapse cases and
were sputum negative at the time of sampling. The
recruited 44 TB patients were equally represented in
each category. The TB patients included in the study
were also negative for the HIV tests. Peripheral blood
(3 ml) was collected in ethylenediaminetetraacetic acid
(EDTA) vials from every member of the Sahariya tribe
(TB patients and healthy controls) who voluntarily
participated in the study. The blood was stored at 4°C
for ½ h, and then plasma was separated and stored at
−20°C for further analysis. Both sputum and blood
samples were collected from TB patients and controls
of Sahariya tribe after obtaining their prior informed
consent for participation in the study and after clearance
from the Institutional Ethics Committee of Jiwaji
University, Gwalior, India. The study was carried out
during the period from November 2010 to March 2014
in the department of Molecular and Human Genetics,
Centre for Genomics, Jiwaji University, Gwalior.
SNP typing of −403G>A SNP of CCL5: The genotypic
data used in this study were generated by SNP typing
of −403G>A of CCL5 using amplification-refractory
mutation system (ARMS) PCR in our previous study14.
Measurement of plasma CCL5 level: The TB patients
were analyzed on the basis of their (i) sputum positivity
or disease status, and (ii) genotypic status for −403G>A
polymorphism of CCL5. The details of the samples are
given in Table I. The samples were analyzed for CCL5
using commercially available Single Analyte ELISA
Kit (QIAGEN, Germany) using Sandwich ELISA
method, following the manufacturer’s protocol. The
minimum detectable dose (MDD) of human RANTES
ranged from 1.7 to 6.6 pg/ml and the mean MDD was
2.0 pg/ml. The concentration of CCL5 in different
plasma samples was determined using an ELISA
reader (Molecular Devices, California, USA) and the
data were generated using SoftMax Pro 6.2 software
(Molecular Devices, California, USA) and presented in
picograms.
Statistical analysis: The data generated from ELISA
were analyzed using SigmaPlot software version
11.0 (Systat Software Inc., CA, USA). The data
were summarized with the median as a measure of
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Table I. Comparison of plasma CCL5 level in different
sub‑categories of tuberculosis patients and healthy controls
stratified on the basis of their genotypic status
TB categories with
different genotypes (n)

Median (IQR) plasma
CCL5 levels (pg/ml)

P*
value

AA (6)

27.6 (12.4‑51.4)

0.196

AG (10)

68.0 (38.8‑133.3)

GG (10)

34.2 (5.95‑126.7)

Healthy controls (26)

1+/2+ (15)
AA (5)

61.6 (22.7‑150.2)

AG (5)

152.8 (49.4‑237.2)

GG (5)

34.2 (13.1‑113.5)

0.259

3+ (14)
AA (4)

47.4 (6.95‑256)

AG (4)

54.6 (13‑225.9)

GG (6)

127.1 (32.45‑170.45)

0.424

APTB (29)
AA (9)

61.6 (13.4‑150.2)

AG (9)

91.8 (22.3‑237.2)

GG (11)

53.6 (25.4‑170)

0.520

IPTB (15)
AA (5)

9.2 (3.4‑31)

AG (5)

29.8 (12.8‑200.7)

GG (5)

107 (39‑177.4)

0.046

Overall TB patients (44)
AA (14)

31 (7.9‑82.5)

AG (14)

29.8 (12.4‑53.3)

GG (16)

80.3 (31.7‑163.5)

0.150

Kruskal‑Wallis test. APTB, active pulmonary TB patients;
IPTB, inactive pulmonary TB patients; IQR, interquartile
range; TB, tuberculosis

range (IQR), 12.4-51.4], while with AG genotype, it
was higher, median 68.0 pg/ml (IQR, 38.8-133.3).
Similar results were also found in TB patients (without
stratification for disease status/bacilli load), median
31 pg/ml (IQR, 7.9-82.5), median 29.8 pg/ml (IQR,
12.4-53.3) and median 80.3 pg/ml (IQR, 31.7-163.5)
for AA, AG and GG genotypes, respectively.
The results of genotype-phenotype relationship
with disease status showed significantly lower levels
of CCL5 in IPTB group with AA genotype, median
9.2 pg/ml (IQR, 3.4-27.6) as compared to AG, median
29.8 pg/ml (IQR, 12.8-200.7) and GG, median
107 pg/ml (IQR, 39-177.4) genotypes (P=0.046).
The distribution of plasma CCL5 levels was also
analyzed for each genotype within the APTB group.
The results showed that plasma levels of CCL5 did
not differ significantly for any of the genotypes;
however, the levels were higher in sputum-positive
TB patients (APTB) with AA genotype, median
61.6 pg/ml (IQR, 13.4-150.2) as compared to IPTB
group, median 9.2 pg/ml (IQR, 3.4-27.6) and healthy
controls, median 27.6 pg/ml (IQR, 12.4-51.4)
(Table II). Further, the sub-categories of TB patients,
stratified on the basis of disease status/bacilli load,
were compared for plasma CCL5 levels on the basis of
genotypic status to determine the genotype-phenotype
relationship with bacilli load. In contrast to the
results of genotype-phenotype relationship in healthy
controls, high levels of plasma CCL5 were observed in
samples with AA genotype in 1+/2+ sputum positive,
median 61.6 pg/ml (IQR, 22.7-150.2) and 3+ sputum-

*

central tendency and the quartiles as a measure of
dispersion. The data were compared using Student’s
t test (when N was not <15) and Mann-Whitney U-test
(when N was <15) to determine significant differences
between the groups, while the related groups were
compared using Kruskal–Wallis test.
Results
The results of genotype-phenotype relationship
without stratification showed that the plasma CCL5
level did not differ significantly (P=0.196) in healthy
controls with respect to all the three genotypes
(Table I). However, low levels of CCL5 were found
with ‘AA’ genotype, median 27.6 pg/ml [interquartile

Table II. Comparison of plasma CCL5 level in different
categories of tuberculosis patients and healthy controls
TB categories with
different genotypes (n)

Median (IQR)
plasma CCL5
levels (pg/ml)

P

Healthy controls (26)

46.3 (14.6‑88.5)

1+/2+ (15)

61.6 (13.6‑173.4)

P=0.808a
P=0.349b
P=0.751c

3+ (14)
APTB (29)
IPTB (15)
Overall TB patients (44)

75 (23.3‑170.4)
71.6 (21.2‑170.9)
30.8 (12.4‑107)
50.4 (14.5‑150.6)

Student’s t test for difference between total TB patients
and healthy controls; bKruskal‑Wallis P for the difference
between APTB, IPTB and healthy controls; cKruskal‑Wallis
P for the difference between 1+/2+, 3+, IPTB and
healthy controls. APTB, active pulmonary TB patients;
IPTB, inactive pulmonary TB patients; IQR, interquartile
range; TB, tuberculosis
a
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positive categories of TB patients, median 47.4 pg/ml
(IQR, 6.95-256), but the difference was not significant
(Table I).
Further, the comparison of plasma CCL5 levels
between TB patients and healthy controls, without
stratification of genotypes, showed increased levels of
CCL5 inTB patients, median 50.4 pg/ml (IQR, 14.5-150.6)
as compared to healthy controls, median 46.3 pg/ml
(IQR, 14.6-88.5) (Table II). No significant differences
were found when plasma CCL5 levels were compared
in stratified TB patients for disease status and healthy
controls although the levels were higher in APTB group,
median 71.6 pg/ml (IQR, 21.2-170.9), including both
1+/2+ and 3+ sputum-positive TB patients individually,
median (IQR); 61.6 pg/ml (13.6-173.4) and 75 pg/ml
(23.3-170.4), respectively, than in IPTB group, median
30.8 pg/ml (IQR, 12.4-107) and healthy controls, median
46.3 pg/ml (IQR, 14.6-88.5).
Discussion
CCL5 plays an important role during
M. tuberculosis infection by regulating and activating
the recruitment of macrophages and further activation
of T-cells16. Several studies have shown the association
of various polymorphisms of CCL5 with TB, maybe
because these genetic variations, particularly, the
promoter polymorphisms, are responsible for altered
expression/levels of the protein14,17-20. Among various
polymorphisms of CCL5, −403G>A has been found
to be significantly associated with TB susceptibility
in Sahariya tribe14, alone or in combination
with other polymorphism. We investigated the
genotype-phenotype relationship of CCL5 in TB
patients after stratification with disease status/bacilli
load and in healthy controls of Sahariya tribe of India.
There are few reports on Sahariya tribe showing an
association of genetic polymorphisms of vitamin
D receptor21, chemokines14 and HLA genes22 with
pulmonary tuberculosis (PTB), but not on genotypephenotype relationship of CCL5 in PTB.
The plasma CCL5 level was higher in APTB group,
including both sputum 1+/2+ and 3+ TB patients with
AA, AG and GG genotype as compared to healthy
controls. However, the data were not statistically
significant. A significant difference in plasma CCL5
level was found with the genotypes in IPTB patients
who were on therapy or had completed their therapy.
In such patients, the expression level was significantly
lower with AA genotype. These results indicated that
expression of CCL5 was also influenced by the pathogen
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as it remained high during the infection and supported
our previous findings that AA genotype was a risk
factor for disease development14. It also suggested that
the plasma CCL5 level was affected significantly with
AA genotype during treatment. However, no correction
for multiple testing was applied. These results were
further supported by the study of Almeida et al23, where
the plasma level of CCL5 was reported to significantly
decrease in treated patients for anti-mycobacterial
therapy, as compared to active TB patients and healthy
controls. However, the high levels of plasma CCL5 in
active TB patients in the present study further implied
that higher CCL5 level could result in high bacillary
load as high levels of CCL5 can saturate the receptors
and desensitize the cells to the migration signals24.
Vesosky et al25 showed that the CCL5-knockout mice
localized fewer antigen presenting cells (APCs) and
chemokine receptor-positive T-cells to the lungs and
showed altered cell trafficking to M. tuberculosis
granulomas. These results seem to be in corroboration
with a previous report, showing an association of
two haplotypes of −403G>A with TB susceptibility,
which acts opposite to each other by up- and
down-regulating CCL5 transcription17. Similarly, other
reports have shown that CCL5 can potently suppress
the HIV infection at low concentrations, but with
high concentration, it can actually enhance the HIV
infection26,27. In contrast, in coronary artery disease
(CAD) patients, AA genotype was found to be related
with low levels of CCL5 and GG genotype was found
to be related with high levels of CCL5, while the level
was balanced with AG genotypes. On the other hand,
−28C/G SNP had no association with CAD risk and had
no genotype-related phenotype differences18. However,
−403A was reported to have no accelerating effect in
HIV28. In contrast, an in vitro study reported increased
transcriptional activity of CCL5, with −403A allele
as compared to −403G allele19. Previous studies also
suggested that −28C was associated with increased
expression20 and −403A was associated with reduced
expression of CCL518, which further implied that the
production of CCL5 below and above this optimal
range of concentrations might be associated with
impaired function of this chemokine17,29. This impaired
function of CCL5 may affect the granuloma formation
which is the pre-requisite for M. tuberculosis removal
through impaired recruitment of immune cells. Thus,
these studies suggest that gene polymorphisms have
a definite involvement in TB pathogenesis through its
effect on either up- or down-regulated expression of
the gene.
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The results of the present study showed that
although CCL5 plasma levels neither differed
significantly in healthy controls nor in TB patients
with respect to all the three genotypes, the level was
decreased with AA genotypes as compared to AG and
GG genotypes in both the groups. It indicates that
although the level of CCL5 may not be influenced by
variants of −403G>A in controls and TB patients, the
expression level with this variant genotype responds
differently to the bacillary load and therapy. However,
there is a lack of definite understanding as to how the
level of CCL5 is regulated with different genotypes
and bacillary load. This could be due to either limited
sample size or lack of analysis on correlation with other
polymorphisms. For e.g., −28C/G have been found to
be associated with increased level of CCL528. These
lacunae limit the generalization of our findings. Hence,
further, studies with a large sample size and with more
efficient technologies are needed to establish CCL5 as a
diagnostic and therapeutic marker for TB, particularly,
in this highly endemic Sahariya tribe.
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