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Abstract 
Introduction: Interferon-γ (IFN-γ) plays a crucial role in resistance to mycobacterial diseases; accordingly, variants of the 
gene encoding this cytokine may be associated with elevated risk of contracting pulmonary tuberculosis (TB). Methods: Blood 
samples were collected from 135 Warao indigenous individuals with newly diagnosed sputum culture-positive TB. Of these, 
24 were diagnosed with active tuberculosis (ATB). The study comprised 111 participants, who were grouped as follows: 1) 14 
tuberculin skin test (TST)-positive Warao indigenous individuals and 4 that were QuantiFERON-TBGold In-Tube (QFT-IT) 
test-positive, collectively comprising the latent TB infection group (LTBI), n = 18), and 2) healthy controls who were QFT-IT- 
and TST-negative, comprising the control group (CTRL, n = 93). Detection of the IFNG+874A/T polymorphism was performed 
via PCR and quantification of IFN-γ gene (IFNG) expression via qPCR. Results: Relative to indigenous and white Americans, 
ATB and CTRL groups had a higher frequency of the IFNG SNP (+874A): 23 (95.8%) and 108 (97.3%), respectively. Indigenous 
Warao individuals homozygous for the IFNG (+874) A allele exhibited 3.59-fold increased risk of developing TB (95% confidence 
interval, 2.60-4.96, p =0.0001). A decreased frequency of the AT genotype was observed in individuals with pulmonary TB 
(4.16%) and controls (0.90%). The frequency of the TT genotype was decreased among controls (1.80%); none of the patients 
with TB were found to have this genotype. The differences in IFNG expression between the groups, under unstimulated and 
stimulated conditions, were not statistically significant. Conclusions: Preliminary results demonstrate concordance between 
IFNG +874 A/A genotype and low expression of IFNG.
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INTRODUCTION

Tuberculosis (TB), caused by Mycobacterium tuberculosis, 
is one of the most common infectious diseases with high 
morbidity and mortality worldwide. According to a report of 
the World Health Organization (WHO), it causes > 2 billion 
infections and about 2 million deaths annually, mainly in the 
developing world1.  The Venezuelan Health Services reported a 
rate of TB infection between 24.8 and 26.1 per 100,000 among 
the non-indigenous population, and a rate of between 129.4 and 
155.6 per 100,000 inhabitants among the indigenous population 
between 1997 and 20012,3,4.

One-third of the population is infected with M. tuberculosis; 
however, it is estimated that only 5-10% will develop clinical 
disease5. Interferon-γ (IFN-γ) is a regulatory cytokine that 
participates in the immune response by acting as a pro-
inflammatory mediator; it has been shown that IFN-γ levels 
influence susceptibility towards, and the outcome of, infectious 
such as TB5. IFN-γ is the most important cytokine in resistance 
to mycobacterial diseases. Macrophage activation by IFN-γ, 
which secreted by CD40 ligand-expressing Th1 cells, is central 
to the host response to pathogens, such as M. tuberculosis, that 
proliferate in macrophage vesicles5, 6. Several polymorphisms 
in the promoter region of the IFN-γ gene (IFNG), in particular 
those at position +874, are considered to influence the levels of 
expression of this cytokine. Several studies have demonstrated 
the association of this single nucleotide polymorphism (SNP) 
with susceptibility towards, and severity of, this disease7, 8. 
Local and systemic IFN-γ levels correlate with TB severity. 
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Active tuberculosis (ATB) is characterized by lower levels 
of IFN-γ production by peripheral blood mononuclear cells 
(PBMCs) relative to latent infection. In this context, an earlier 
study carried out in patients with pulmonary TB revealed that 
the combination of the IFNG +874 polymorphism and allele A 
homozygosity was associated with significantly lower levels 
of IFNG compared to those in individuals carrying one or two 
copies of the T allele7, 8.

In Venezuela, there are 28 different ethnic groups; among 
these, the Warao peoples are of low socio-economic status and 
lack access to healthcare compared with the Creole peoples from 
urban areas. We previously investigated cytokine secretion by 
PBMCs and purified protein derivative (PPD)-induced responses 
in Warao and Creole individuals with TB. Our findings revealed 
that PBMCs from Creole patients exhibited a tendency for secretion 
of TNF-α, IL-12, and IFN-γ, while those of Warao individuals 
exhibited a higher tendency for IL-5 and IL-4 secretion. Therefore, 
among Warao patients, a tendency for production of lower IFN-γ 
and higher IL-4 levels, relative to Creole patients, was observed10. 
The aim of the present work was to examine the incidence of 
the IFNG (+874 A/T) polymorphism in the Warao indigenous 
population and elucidate its association with M. tuberculosis 
active infection relative to white American individuals. We also 
aimed to identify concordance between the IFNG +874A/T 
polymorphism present and IFNG expression in this population.

METHODS

Study design and inclusion and non-inclusion criteria

A transversal study was carried out among individuals of 
both sexes from the Warao indigenous population living in the 
Orinoco Delta area. A total of 135 Warao indigenous patients 
and controls were enrolled and classified according a previously 
reported scheme, which took into account clinical, nutritional, 
and epidemiological factors such as tuberculin skin test (TST)-
positive and -negative status (TST+ and TST-). Participants 
were grouped as follows: A) indigenous individuals with 
active TB (ATB, n = 24), according to clinical evaluation of 
smear and sputum culture-positive tuberculosis, and B) healthy 
volunteers (n = 111). Whole peripheral blood samples from all 

Characteristics ATB LTBI CTRL

Ages in years (Mean±SD) 32.0±17.5 42.3±19.8 36.6±14.3

Number of Male/Female 10/14 10/08 28/65

Smear+ (%) 64.0(a) 0(b) ND

Culture+ (%) 100.0(c) 0(d) ND

QFT-IT + (%) 25.0(e) 22.0(f) 0.0(g)

TST+ (%) ND 77.7(h) 0.0(i)

TABLE 1
Age and gender characteristics and immunological and bacteriological markers of the study population. 

healthy indigenous individuals without TB symptoms or disease 
activity were drawn for QuantiFERON–TB Gold In-Tube 
(QFT-IT) testing (Commercial test QuantiFERON–TB Gold 
In-Tube, Cellestis, Victoria, Australia). These individuals were 
additionally subjected to TST; results were used as the basis for 
classification as the TB latent infection group (LTBI, n = 18), 
which consisted of Warao indigenous TST+ individuals, (n = 
14) and QFT-IT-positive (QFT-IT+), (n = 4) individuals. The 
healthy control group, (CTRL, n = 93) was composed of Warao 
indigenous QFT-IT- and TST- individuals (Table 1). 

Inclusion and non-inclusion criteria for individuals with 
or without evidence of clinical symptoms of pulmonary TB. 
Individuals with evidence of clinical symptoms suggesting 
pulmonary TB infection were diagnosed as having pulmonary 
TB, using at least one of the following previously applied 
criteria: X-ray suggestive of TB and positive sputum smear or 
positive sputum culture11. For confirmatory diagnosis of TB, 
sputum was collected for investigation of alcohol/acid-fast 
bacilli among all individuals presenting respiratory symptoms. 
Smears were stained using the Ziehl-Neelsen direct method. 
For each sputum sample, 2 tubes of modified Ogawa egg 
medium and Lowėnstein-Jensen were inoculated using the swab 
method of Kudoh and Kudoh12. Patients with coinfection with 
the human immunodeficiency virus were excluded from the 
study. Tuberculosis medication was initiated in all cases of TB 
identified via X-rays, bacilloscopy, or culture as recommended 
by the Venezuelan National TB Control Program. 

Inclusion criteria for healthy controls comprised lack of 
evidence of clinical symptoms suggesting pulmonary TB 
infection, in which HIV and active TB were ruled out by 
blood tests, microbiological assays, and X-rays, respectively. 
Individual prescribed immunosuppressive drugs (i.e., 
corticosteroids, azathioprine, and cyclophosphamide) were 
excluded. Participants who did not sign an informed consent 
agreement were additionally excluded. 

Ethical considerations

The present study complied with the Helsinki Declaration. 
This study was approved by the Ethical Committee of 
the Biomedicine Institute. (Protocol number CDCH-

The ATB group: Patients with active TB. The LTBI group: Individuals with TB latent infection (QFT-IT or tuberculin skin test-positive (TST+)), and the 
CTRL group: Healthy individuals (QFT-IT negative). Statistically significant differences were found between: (a) & (b), (c) & (d) p < 0.0001, (e) & (g) , p<0.0005, and 
(f) & (g) , (h) & (i) p < 0.0001. Not done (ND). ATB: active tubeculosis; LTBI: latent tuberculosis infection; CTRL: healthy control; ND: not done.
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FIGURE 1 - Genotypes of Warao indigenous individuals according to 
IFNG polymorphism status. The genotype of each individual (+874A/T) was 
analyzed using the amplification-refractory mutation system-PCR technique. 
A pair of primers based on the nucleotide sequence of the human growth 
hormone (GH1f) was added to amplify a 426-bp product (Control +) to assess 
the success of PCR; negative control (C-), A allele (F1), T allele (F2), Base 
pair marker (100bp) (M).

UCV-8007/2011-FONACIT-2013002319/2013-UNU-
BIOLAC/2016). Voluntary informed consent forms were 
signed by individuals. 

Quantification of IFN-γ 

Blood samples were transported and processed soon after 
collection. Briefly, tubes were incubated for 24h at 37°C; 
then, plasma was separated from blood by centrifugation. 
Measurement of IFN-γ levels in plasma was performed by 
enzyme-linked immunosorbent assay (ELISA) using the QFT-IT 
test kit, following the manufacturer’s instructions. The cut-off 
value for a positive result was ≥ 0.35 International Units (IU)/
mL of IFN-γ in the sample after stimulation with a mixture of the 
TB7.7 antigen and two synthetic peptides of; the early secreted 
antigen-6 (ESAT-6), the culture filtrate protein-10 (CFP10), 
and TB7.7, regardless of the result obtained for the positive 
control. In accordance with the manufacturer’s instructions, 
the test result was considered indeterminate if the value of the 
antigen-stimulated sample was negative or if the value of the 
positive control was < 0.5IU/mL after subtraction of the value 
of the nil control, and/or if the negative control was > 8.0IU/mL.

Tuberculin skin test

Tuberculin skin test (TST) was carried out after performing 
the QuantiFERON–TB test on Warao indigenous individuals 
without TB symptoms or disease activity. The TST was 
administered according to the Mantoux method, by injecting 
intradermally 2 tuberculin units; 0.1 mL of purified protein 
derivate (RT23 PPD; Statens Serum Institute, Copenhagen, 
Denmark) as previously described9, 10. Reading was performed 
by trained professionals between 48 and 72 hours after 
administration. The criterion for positive test reactivity was based 
on measurements of the transversal diameter of the indurations 
on the volar surface of the forearm; (value ≥ 10mm), according to 
national guidelines2.  Due to ethical considerations and norms of 
the Venezuelan National TB Control Program, the TST test was 
not performed on Warao indigenous diagnosed with active TB.

Genotyping of subjects

The two alleles of the polymorphic region of the first intron of 
IFNG (+874 A/T), corresponding to each individual were analyzed 
in two different reaction samples using amplification refractory 
mutation system polymerase chain reaction (PCR). Briefly, a blood 
sample of 3-5 mL was collected in a Vacutainer tube with EDTA as 
anticoagulant. Total DNA was extracted from peripheral blood cells 
using the Total DNA Isolation System kit (Promega Corporation, 
WI, US), following the instructions of the supplier. Two sense 
primers; 5'-TTCTTACAACACAAAATCAAATCA-3' (primer 
A) and 5'-TTCTTACAACACAAAATCAAATCT-3' (primer T), 
and one antisense primer 5'-TCAACAAAGCTGATACTCCA-3' 
were used to amplify the IFNG +874 A/T polymorphism. Each 
reaction employed a generic antisense primer and one of the two 
allele-specific sense primers. In every reaction sample, a pair of 
primers based on the nucleotide sequence of the human growth 
hormone (Gh1f); 5′-GCCTTCCAACCATTCCCTTA-3′ (sense) 
and 5′-TCACGGATTTCTGTTGTGTTTC-3′ (antisense) was 
included as internal control. The PCR protocol comprised 10 cycles: 

95°C for 1 min, 95°C for 15 s, 62°C for 50 s, and 72°C for 40 s, 
followed by 20 cycles; 95°C for 20 s, 56°C for 50 s, and 72°C for 
50 s. The PCR assay was performed using 2µl of DNA (30 ng/µl), 
5µl of the master-mix SYBER Green (Promega Corporation, WI, 
US), 1.2µl of sterile and nuclease-free water and 0.6 µl of each 
primer (5 mM) added in a final volume of 10 µl. The amplified 
products were separated by electrophoresis on a 2% agarose gel 
stained with SYBR Green (Sigma-Aldrich Co, St. Louis MO, US) 
and visualized by a Benchtop UV transilluminator, MultiDoc-
It Digital Imaging System camera combination (Figure 1).

IFNG amplification

Quantitative PCR was performed on 50 blood samples 
under non-stimulation and stimulation; under stimulation, 
3-5ml of peripheral blood sample was collected in a Vacutainer 
tube with EDTA as anticoagulant and stimulated with antigens 
(ESAT-6, CFP10, and TB7.7) for 24h at 37°C, after incubation, 
both non-stimulated and stimulated blood cells were obtained 
by centrifugation. Total RNA was extracted from blood cells 
using the Total RNA Isolation System kit (Promega Corporation, 
WI, US) following the instructions of the supplier, and the 
RNA content was measured using a spectrophotometer at 
260nm. cDNA was generated from 5µg of RNA using the 
Reverse Transcription System kit (Promega Corporation, WI 
US), following the manufacturer’s protocol. Briefly, RNA was 
incubated with a 1µl of oligo dT primer (50µM); the reaction 
was made up to 12µl with sterile and RNaseOut-free water, 
and incubated at 70ºC for 10 min, after which it was quickly 
cooled on ice. A total of 2µl of 10 × first-strand buffer (100mM 
Tris-HCl, pH 8.8 at 25ºC; 500 mM KCl; 1% Triton X-100),  
2µl MgCl2 (25mM), 2µl deoxynucleoside trisphosphate mix 
(10mM of each dATP, dGTP, dCTP, and dTTP) and 1 µl of 
RNaseOut RNase inhibitor (40U/µl) were added. The mix 
was incubated at 42ºC for 2 min after which it was further 
incubated at 42ºC for 50 min and 70ºC for 10 min with 1µl of 
AMV Reverse Transcriptase. The cDNA content was measured 
in a spectrophotometer at 280/260nm, and cDNA samples were 
stored at -80°C until use.
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Primers for IFNG selected gene was designed using the 
GENBANK database; GTTTTGGGTTCTCTTGGCTGTTA 
(sense), and AAAAGAGTTCCATTATCCGCTAC ATC 
(antisense), (IDT®, USA, NM-000619.2 amplicon size: 112 
(bp)) were used to amplify IFNG, data were normalized to those 
for the reference gene5. We analyzed expression levels of the 
frequently used reference genes; ACTβ, HPRT, and GAPDH to 
identify the most suitable ones for our study. ACTβ and HPRT 
were excluded as their amplification rates were too low. GAPDH 
was used as the reference gene. AGCCACATCGCTCAGACAC 
(sense), and GCCCAATACGACCAAATCC (antisense), 
(IDT®, USA, NM-002046.3 amplicon size: 66 (bp) were used 
as primers for GAPDH. All primers were designed to anneal 
at 60°C, and primer specificities and assay efficiencies were 
tested on control cDNA. 

Quantitative PCR was performed as follows: 2µl of cDNA 
(50ng) was incubated with 8µl of reaction mix, which was 
composed of 5µl of SsoFast™ EvaGreen® 2x (BioRad, USA), 
2.5µl of sterile and nuclease-free water, and 0.25 µl of IFNG 
or GAPDH forward and reverse primers (20 μM) each. The 
reaction mix was placed in a Light Cycler 480® (Roche Life 
Sciences, USA). Cycling parameters were 1 cycle for enzyme 
activation at 95°C for 30 s, 45 cycles of amplification at 95°C 
for 5 s and 60°C for 10 s, 1 cycle for melting curve analysis 
at 60°C and 90C for 15 s, and 1 cycle for cooling at 40°C for 
30 s. Assay efficiencies were tested on positive and negative 
cDNA control samples prepared by pooling cDNA from several 
individuals, as well as on blank control without cDNA; these 
controls were included in every assay.

Quantification of gene expression

Acceptance criteria for specific amplification of each 
targeted cDNA were set as follows: 1) Crossing point (Cp) value 
for specific amplification of control cDNA to be below 40; 2) 
Single dominant peak in the derivative of the melting curve; 3) 
No amplification of non-template controls. 

The mRNA relative expression of each gene was calculated 
based on the values of Cp. Normalization of Cp was performed 
against corresponding values for the constitutive gene GAPDH, 
using the following equation: 2-ΔΔct 13.

ER=2-((Cp problem-Cp GAPDH)-(Cp control- Cp GAPDH control))

Data analysis

Genotype frequencies were compared by the Fisher’s exact 
test, and the relative risk and odds ratio for disease susceptibility 
or clinical course were calculated. Genotype frequencies in 
patients and control subjects were not significantly different 
from those predicted under Hardy-Weinberg equilibrium. 
Results were analyzed by the Mann-Whitney rank-sum test. 
A multiple logistic regression model employing the likelihood 
ratio was used to examine the influence of different genotypes 
and ex vivo IFNG expression on susceptibility to tuberculosis. 
For comparison of IFNG expression between groups, Shapiro-
Wilks for normality, Kruskal-Wallis, and Dunn’s multiple 
comparison tests were performed using GraphPadPrism, 
6.0-Windows (San Diego, Ca. USA).  

RESULTS

Characteristics of study participants

A total of 135 participants were enrolled into this study, 24 
(17.8%) of who were found to have culture-positive pulmonary 
TB or ATB. Of the 135 study participants, 111 (82.2%) were 
classified as follows: 18 (16.2%) with LTBI (QFT-IT+ or/and 
TST+) and 93 (83.8%) were healthy controls (CTRL) with no 
reactivity to QFT-IT (QFT-IT-) or TST (TST-). The age results 
are shown as value X ± SD years. The average age was 32.0 ± 
17.5 years, 42.3 ± 19.8 years, and 36.6 ± 14.3 years for ATB, 
LTBI, and CTRL groups (Table 1). There were no statistically 
significance differences between males and females in the ATB 
group (10/14), the LTBI group (10/8), and the CTRL group 
(28/65), respectively (Table 1). Demographic and clinical data 
for the participants are shown in Table 1.

Bacteriological, QFT-IT, and TST 

Table 1 shows results for the bacteriological, QFT-IT, and 
TST. Smears or smear plus culture were performed for all 
indigenous individuals with TB symptoms or disease activity 
(Table 1). Bacteriological assays revealed a statistically 
significant difference between ATB and LTBI groups, both 
for smears as well as cultures; p < 0.0001 (Table 1). Chest 
radiograph studies confirmed radiographic characteristics 
with lesions suggestive of active TB (data not shown. QFT-IT 
results showed a statistically significant difference between 
indigenous QFT-IT+ and QFT-IT- in ATB (6/24) and LTBI 
(4/18) versus CTRL (0/93) groups; p < 0.0001and p < 0 .0005, 
respectively (Table 1). The skin reactivity test was carried 
out in all indigenous individuals without TB symptoms or  
disease activity in order to study delayed-type hypersensitivity 
(DTH); reactions for which the transversal diameter of 
indurations ≥ 10mm were considered positive. There was a 
statistically significant difference between indigenous TST+ 
and TST- in LTBI (14/18) and CTRL (0/93) groups, p < 0.0001 
(Table 1). 

Cytokine genotype and allele frequencies of  
Warao individuals

Analysis of genotype and allele frequencies for IFNG +874 
A/T in indigenous patients with TB as well as controls revealed 
that the AA genotype for IFNG was the most common (Table 
2). The AA genotype was present in 108 (0.973) controls 
and 23 (0.958) patients, respectively, p < 0.0001 (Table 2); 
the AT genotype in 1 (0.009) control and 1 (0.041) patient, 
respectively, and the TT genotype in 2 controls (0.018); 
this genotype was not found in the patient group (data not 
shown). Using the approximation of Katz in indigenous 
groups, a significant difference in genotype frequencies was 
observed when comparing the A allele between controls and 
patients with TB: AA homozygous indigenous individuals 
showed a relative risk (RR) of [0.98 (95% CI; 0.9011-1.077,  
p < 0.0001)]. However, there was no significant difference 
between indigenous individuals with the AA genotype and 
those with other genotypes such as TA, RR of [4.62 (95% CI; 
0.2995-71.423, p < 0.32)] . 
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Analysis of allele frequency for the IFNG +874 A/T 
genotype showed that the A allele was markedly overrepresented 
among Warao indigenous individuals compared with the T allele. 
A significant difference in allele frequencies was observed 
when comparing A allele between controls [217 (0.977)] and 
patients with TB [47 (0.979)]. Using the approximation of Katz, 
a RR of [0.21 (95% CI; 0.1457-0.3113, p < 0.0001) was found 
(Table 2); however, there was no significant difference between 
indigenous controls [5 (0.022)] and patients with TB [1 (0.020)] 
with respect to the T allele, RR of [0.20 (95% CI; 0.032-1.241, 
p < 0.080)], (Table 2).

Cytokine phenotype frequencies for Warao indigenous 
and white American individuals

Genotype and allele frequencies for IFNG +874 A/T 
among the Warao indigenous and white American individuals 
are presented in Table 3. Compared with the white American 
population, Warao indigenous individuals exhibited a higher 
frequency of the IFNG +874 allele SNP, whose phenotypic 
expression is associated with decreased production of IFN-γ. 
Results showed that the AA genotype for IFNG +874 A/T 
differed significantly between Warao indigenous and white 
Americans: the frequency of this genotype was higher in 
Warao indigenous individuals [131(0.97)] compared with 
white American individuals 27 (0.27) (Table 3). However, 
AT and TT genotypes were less common among Warao 
indigenous individuals [2 (0.014) for both genotypes] compared 
with white American individuals [53 (0.53) and 20 (0.20)], 
respectively, (Table 3). Using the approximation of Katz, a 
significant difference in genotype frequencies was observed 
when comparing AA genotype between indigenous and white 
Americans; AA-homozygous individuals had a RR of [3.59 
(95% CI; 2.600-4.968, p < 0.0001)], (Table 3). Additionally, 
a significant difference was found between indigenous with 
the AT and TT genotypes and white Americans RR of [0.02 
(95% CI; 0.0069-0.1120, p < 0.0001)] and RR of [0.07 (95% 
CI; 0.0177-0.3098, p < 0.0001)], respectively, Table 3. In 
relation to allele frequency for IFNG +874A/T, results showed 
that the A allele was markedly overrepresented among Warao 
indigenous individuals compared with the T allele. Using 
the approximation of Katz, a significant difference for allele 
frequencies was obtained when comparing A allele between 
Warao indigenous [264 (0.98)] and white American individuals 
[107 (0.54)] RR of [1.82 (95% CI; 1.604-2.082, p < 0.0001)], 
(Table 3). Additionally, there was a significant difference 
between indigenous [6 (0.02)] individuals and white Americans 
[93(0.47)] with respect to the T allele RR of [0.04 (95% CI; 
0.0213-0.1069, p < 0.0001)], (Table 3). 

Analysis of IFNG expression by quantitative assay

Figure 2 shows the medians of mRNA relative expression 
between groups studied. A total of 50 individuals composing 
the quantitative PCR set were studied; these were grouped into 
three diagnostic categories: 4 indigenous patients with ATB, 
18 indigenous patients with LTBI, and 28 healthy indigenous 
controls (CTRL). The findings are shown as medians and inter-
quartile range (IQR) of expression relative of the ATB, LTBI, 
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FIGURE 2 - Differences in IFNG expression levels between the groups. 
Horizontal bars represent medians and inter quartile range (IQR) of IFN-γ 
expression under non-stimulated (NS) condition; CTRL NS (●), LTBI NS (■) 
and ATB NS (▲) and for stimulated condition (S); CTRL S (▼ ), LTBI S 
(♦) and ATB S (○). Kruskal-Wallis test and Dunn’s multiple comparison were 
used to compare groups. No statistically significant differences were found. :

Genotypes/Alleles Healthy
Controls
(n = 111)

Patients
with TB
(n = 24)

RR CI
(95%)

A:A           
T:A           
T:T          

108( 0.973)(a)

1(0.009)
2(0.018)

23(0.958)(b)

1(0.041)
0.98
4.62

-

0.9011-1.0077
0.2995-71.423

-

Fischer’ s exact 
Test (p value)

p < 0.0001*

A Allele/T Allele 217(0.977)(c)

5(0.022)
47(0.979)(d)

1(0.020)
0.21
0.20

0.1457-0.3113
0.0320-1.2410

Fischer’ s exact 
Test (p value)

p < 0.0001**

TABLE 2
Genotype distribution and allele ratio for the Warao indigenous population.  
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There were statistically significant differences between controls and patients 
with TB with AA genotype, (a) & (b) p < 0.0001; and controls and patients with 
TB cases with the A allele, (c) & (d) p < 0.0001. TB: tuberculosis; RR: relative 
risk; CI: confidence interval.
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and CTRL for non-stimulated and stimulated conditions. There 
were no statistically significant differences between groups 
(Figure 2).

Eighteen blood samples from indigenous patients in the LTBI 
group, under non-stimulated conditions, showed a decreased 
IFNG level (4.83 ± 14.51 of mRNA relative expression under 
non-stimulated conditions, while under stimulated conditions 
was 6.94 ± 23.53 of mRNA relative expression); however, 
there was no statistically significant difference between the 
two conditions, p < 0.15 (Figure 3). Analysis of the 28 blood 
samples from CTRL indigenous individuals under non-
stimulated conditions showed that the median IFNG levels 
were higher in this group: 17.50 ±51.15 of mRNA relative 
expression compared with that under stimulated conditions; 
14.45 ± 41.31 of mRNA relative expression; there were no 
statistically significant differences between groups under each 
condition, p < 0.96 (Figure 3). Analysis of 4 blood samples from 
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respectively. The differences between the relative expression values in each group before and after stimulation were not significant by Mann Whitney test. 

A B

indigenous individuals with ATB without stimulation revealed 
that the median IFNG levels in response to M. tuberculosis-
specific antigens at baseline evaluation was 0.56 ± 0.59 of 
mRNA relative expression. In comparison, the median IFNG 
levels under stimulated conditions were 1.54 ± 2.62 of mRNA; 
there were no statistically significant differences under the two 
conditions (p < 0.49) (data not shown). 

DISCUSSION

The Venezuelan Warao indigenous group consists of 
25,125 individuals, comprising 17% of the total American 
Indian population of Venezuela2. Although the Warao have 
remained largely isolated for millennia due to their inaccessible 
swampland habitat, this group has had increased contact with 
the Mestizo population (“Creoles”) of urban areas in recent 
years, consequently contracting infectious diseases such as TB 
from the latter. 
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The genetic component of TB susceptibility in this 
population likely involves interaction between alleles located 
on different genes, as well as chromosomes; this higher 
susceptibility is considered to arise as a result of the different 
genetic backgrounds of Warao indigenous individuals and white 
Americans. Immunological studies performed in the Warao 
population confirmed inheritance and segregation of DW, an 
antigen of class II Human Leukocyte Antigen (HLA), HLA 
haplotypes, linkage disequilibrium defined only in homozygous 
typing cells of Warao origin, and DR/DQ associations not 
seen previously in other human populations14, 15. The role 
of immunogenicity factors in influencing the incidence of 
pulmonary TB in a population is well known14, 15. In the present 
work, we aimed to examine a polymorphism in IFNG, which 
is the most important cytokine in resistance to mycobacterial 
diseases, and its association with elevated susceptibility to TB 
in the Warao indigenous population. Present findings showed the 
highest frequency of the AA genotype of IFNG among Warao 
CTRL or indigenous controls and Warao patients with ATB. 
Further, a low frequency of heterozygous AT (AT genotype) 
among these indigenous groups: Warao CTRL and ATB, and 
a low frequency of T homozygous (TT genotype) within the 
Warao CTRL group, were observed. A significant difference 
in genotype frequencies was obtained when comparing the AA 
genotype between CTRL and ATB groups; AA homozygous 
indigenous individuals showed a relative risk of 0.98. The 
IFN-γ cytokine is the archetypical readout for cell-mediated 
immune response (CMI) assays16, and has been recognized as 
the defining cytokine of Th1 cells. IFN-γ–mediated immune 
activation appears to play an important role in immunity to 
intracellular pathogens, both in mice and humans17-19. Early 
studies demonstrated that mice with disruption of IFNG are 
more susceptible to infection by M. tuberculosis than wild-type 
strains20. Zembruzuski et al. have investigated the Xavante 
population, who live in Brazil and exhibit high TB prevalence, 
and revealed that the absence of TST response (anergy) may be 
associated with a predominantly Th2 cytokine pattern, which 
may increase susceptibility to TB21. 

The present work describes the relative expression of IFNG 
in Warao individuals with TB. The expression of this cytokine 
reflects the antigen-specific response of cells stimulated ex vivo 
in whole blood samples from ATB, LTBI, and CTRL indigenous 
groups by specific-M. tuberculosis T-cell antigens for 24h. 
There were no statistically significant differences between non-
stimulated and stimulated conditions between groups; IFNG was 
found to be expressed at low levels, especially in the ATB and 
LTBI groups (0.56 ± 0.59 and 4.83 ± 14.51 of mRNA relative 
expression, respectively under non-stimulation, and 1.54 ± 2.62 
and 6.94 ± 23.53 of mRNA relative expression, respectively, 
under stimulation). There were no statistically significant 
differences between either condition for the CTRL group, 
demonstrating the existence of concordance between the highest 
frequency of the AA genotype among Warao healthy controls 
and patients with TB, and IFNG expression. IFN-γ cytokine 
exhibits poor potential as a biomarker in the Warao indigenous 
population owing to its failure to discriminate between ATB and 
LTBI indigenous individuals. The low IFNG expression levels 

detected may be correlated with the present findings in relation 
to QFT-IT assays; among the LTBI indigenous individuals 
tested, only 4 of were QFT-IT+. In this context, the value of the 
QFT-IT as an adjunct in diagnosing latent infection in Warao 
individuals may be limited: in Warao children for whom both 
TST and QFT-IT results are available, the proportion of children 
with a positive TST was high compared with those with a 
positive QFT-IT22. The latter correlates with the present results; 
therefore, replacement of the TST by QFT-IT for detection of 
M. tuberculosis infection is not recommended in this indigenous 
population. However further are required to fully evaluate the 
utility of QFT-IT test in this population. 

It has been reported that the clinical symptoms in patients 
with TB correlate with M. tuberculosis–stimulated IFN-γ 
production by PBMCs, which is lower in patients with TB than 
in healthy tuberculin reactors, and even lower in patients with 
extensive disease10, 23. Differences in the distribution of the IFNG 
genotype may explain the lower production of this cytokine 
in patients with TB; these patients have a higher frequency of 
the homozygous A (AA genotype) associated with lower PPD-
stimulated IFN-γ production23. The latter findings correlate with 
those of our previous study examining the capacity of antigen-
induced proliferation by PBMCs and IFN-γ production in Warao 
indigenous individuals with pulmonary TB and Warao healthy 
controls. The results revealed that IFN-γ production in Warao 
patients and controls was significantly lower after stimulation 
for 24h and 48h compared with that in the Creole groups10. 

As IFN-γ plays a crucial role in facilitating macrophage 
containment of M. tuberculosis, we aimed to determine whether 
the observed allelic variation associated with low expression 
of IFNG may in part contribute to the high rates of TB among 
Warao indigenous individuals relative to the white American 
population. The latter population was used for comparison 
because of the historical context in which the two populations 
evolved in relationship to their microbial environments, 
particularly in the context of their response to the selective 
pressures of their respective microbial environments, as found 
by Larcombe et al.18.

Results showed that AA genotype frequency for IFNG 
+874 A/T differed significantly between Warao indigenous 
and white American individuals. Higher frequencies of these 
genotypes were observed in the Warao indigenous population 
(0.970 compared with 0.270 in white Americans, while lower 
frequencies of the AT and TT genotypes were observed in 
the Warao individuals: 0.014 for each genotype compared 
with 0.530 and 0.200, respectively, in white Americans).  
This comparison additionally reveals that the IFNG +874 
A/T polymorphism is significantly associated with pulmonary 
TB, the findings showed that indigenous homozygous for the 
+874 A allele had a 3.59-fold increased risk of contracting TB.  
Our results correlate with previous findings showing that 
individuals homozygous for the +874 A allele had a 3.75-fold 
increased risk of developing TB and the lowest IFNG expression 
level in the groups studied, therefore supporting that the IFNG 
+874 A/T polymorphism is significantly associated with 
pulmonary TB18, 19. 
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Ethnic-specific genetic variations may greatly influence host 
immunity to TB, causing variations in TB susceptibility in the ethnic 
population studied24. Accordingly, several studies of genetic diversity 
in ethnic populations have reported an association between the IFNG 
+874 polymorphism and TB18, 25. Studies in relation to genotype 
profile in Canadian aboriginal and Filipino populations showed 
that both populations have a higher frequency of cytokine SNPs 
associated with low production of IFNG (AA genotype) compared 
with white Americans; these aboriginal populations exhibited a 
significantly higher frequency of the A allele at the IFNG loci18; 
in contrast, white Americans exhibit a relatively higher frequency 
of cytokine SNPs associated with delayed-type hypersensitivity 
IFN-γ response, the latter suggest that white Americans tend to 
mount a Th1 immune response, while Canadian aboriginal and 
Filipino populations show a tendency towards a Th2 immune 
response18. In this context, intestinal parasites are endemic among 
the Warao population, which is consistent with the considerably 
higher levels of total serum IgE found in this population26.

Recent data suggest that, similar to Canadian aboriginal and 
Filipino populations18, in other populations, such as Spanish (RR = 
3.75, CI 2.26-6.63, p = 0.0017)17, Hong Kong Chinese (RR = 3.79, 
CI 1.93-7.45, p = 0.001)27, South African colored (RR = 1.46, CI 
1.12-1.91, p = 0.0062)28, and Warao indigenous populations (RR 
= 3.59, CI 2.600-4.968, p = 0.0001), common polymorphisms in 

the IFNG +874 AA genotype are associated with the risk of TB 
disease. However, the +874AA genotype was not significantly 
more frequent in cases than in control subjects (OR, 1.16; 
95%CI, 0.89–1.51; p = 0.25) in individuals from West African 
populations28, and in Brazilian patients with TB29. However, the 
influence of gene polymorphisms on protein production may 
differ as a result of linkage with functional variants in other loci 
in the regulatory regions of the genes, or with other cytokine 
polymorphisms necessary for adequate immune response to M. 
tuberculosis infection. Additional studies are needed to confirm 
the influence of the IFNG +874 A/T alleles and other cytokine 
genes on TB susceptibility in the Warao population.
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