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1. Introduction
Tuberculosis (TB) remains a global health problem. It 

is estimated that one-third of the world's population is in-
fected with Mycobacterium tuberculosis (M. tuberculosis), 
and that 5-10% of these infected people develop active TB 
during their lifetime [1, 2]. Around two million people die 
from the disease every year [2, 3]. Tuberculosis can be 
transmitted from person to person via the micro secretions 
emitted by a sick person, through coughing or sneezing for 
instance. Cases of intra- or inter-species transmission have 
been reported [4]. Preventing tuberculosis means protec-
tion against it; actively seeking out and screening cases 
and treating sick individuals to block progression. Close 
and prolonged contact with tuberculosis cases facilitates 
transmission. However, some individuals, in spite of ex-
posure, escape by managing to control M. tuberculosis in-
fection and progression to tuberculosis [5]. This could be 

exploited to help achieve the WHO's End TB target [2].
Less than 25% of the global population infected with 

M. tuberculosis will develop latent tuberculosis [6], and 
around 10% of these people will progress to active tuber-
culosis [7]. What distinguishes those who can control the 
infection from those who cannot? Beside, environmental 
factors such as nutrition, immunity, co-infection and dif-
ferences between bacterial strains, the genetics of the hu-
man host are likely to play a role [8]. Specific gene poly-
morphisms that may predispose individuals to tuberculosis 
are not fully elucidated [9, 10]. Several antigen-presenting 
molecules, including interferon-gamma (IFN-γ) and major 
histocompatibility complex, are encoded by polymorphic 
genes. Some polymorphisms affect susceptibility to tuber-
culosis [11]. IFN-γ and its receptors, which are of great 
interest in tuberculosis research [11], is a regulatory cy-
tokine that participates in immune response by acting as a 
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pro-inflammatory mediator [12, 13]. IFN-γ plays a crucial 
role in resistance to mycobacteria. Consequently, variants 
in the gene encoding this cytokine could be associated 
with a high risk of developing pulmonary tuberculosis.

The main objective of this study was to investigate poly-
morphisms of the gene encoding IFN-γ among suspected 
cases and their association with M. tuberculosis infection 
in Burkina Faso. The specific objectives were to identify 
variants of the gene encoding IFN-γ (IFN +874T/A) and 
to assess a possible association between this gene and M. 
tuberculosis infection in Burkina Faso.

2. Materials and methods
2.1 Type, period, site and study population

This was a cross-sectional study conducted from May 
2023 to January 2024. The study population consisted of 
patients with suspected tuberculosis sent to the “Diagnosis 
and Treatment Centre (CDT)” of the “Bogodogo Univer-
sity Hospital (CHU-B)”, in Ouagadougou, Burkina Faso. 
Inclusion was performed consecutively at the CDT of the 
CHU-B. All patients were included during the study pe-
riod, except those who did not consent or brought samples 
of their sick relatives. Diagnosis of M. tuberculosis was 
performed at the CHU-B laboratory by real-time PCR on 
the GeneXpert (CEPHEID) from sputum samples. IFN-γ 
genotyping was carried out in the molecular biology and 
genetics laboratory (LaBioGene) and the biomedical re-
search laboratory of the Health Sciences Research Insti-
tute (IRSS). 

Data were collected from participants through ques-
tionnaire administered to them. A blood sample (4 mL) 
was collected from each participant on EDTA tube for 
DNA extraction, followed by genotyping, using Gene 
Amp 9700 (Applied Biosystem).

2.2. Molecular confirmation of suspected cases by real-
time PCR

Tuberculosis was confirmed by PCR using the Gen-
eXpert device (CEPHEID) and its commercial kit Xpert 
MTB/RIF. This test allows for molecular diagnosis of tu-
berculosis and at the same time identifies cases of rifam-
picin resistance. To carry out the test, 4mL of diluent was 
added to 2 mL of coughed-up sputum, mixed vigorously 
and incubated at room temperature for 15 min. Two (02) 
mL of this mixture were then used to load the cartridge 
prior to insertion and analysis in the GeneXpert module. 
Target detection and characterization are performed in real 
time using a six-color laser device.

2.3. DNA extraction and genotyping of the IFN-γ gene
Genomic DNA was extracted using the rapid Salting-

Out technique (Miller et al. 1988), based on cell lysis, pro-
tein digestion and precipitation, as well as impurity wash-
ing and DNA elution. After DNA extraction, the amount 

was estimated using a BioDrop, and solely over 7-200µg/
mL concentrations were considered, with adjustment for 
high concentrations (over 200µg/mL). Other samples were 
re-extracted prior to genotyping. Both negative and posi-
tive controls were used at each stage. These included water 
for the extraction steps, together with human growth hor-
mone for genotyping.

For genotyping of the IFN-γ gene (IFN +874T/A), a 
classical allele-specific PCR was used with specific prim-
ers (Table 1) (Araujo et al.) A pair of primers targeting 
the human growth factor (HGF) gene was included as an 
internal control. For each sample, a total reaction volume 
of 20 µL consisting of 0.6 µL of sense primer; 0.6 µL of 
antisense primer; 4 µL of Hot FIREPol® Master Mix (5X) 
and 8.6 µL of PCR water was used.

2.4. Statistical analysis
Data were entered using Excel 2016 and analyzed using 

R version 1.4.1717 and SPSS version 20. The chi-square 
test, Fisher's exact test, Odds ratios (OR) and 95% confi-
dence intervals (95% CI) were also calculated to assess 
associations between interferon gamma polymorphisms 
and tuberculosis. Hardy-Weinberg Equilibrium (HWE) 
was used in this genetic association study to predict the 
distribution of genotypes in this population; if p< 0.05 - 
not HWE compliant.

2.5. Ethical considerations
The protocol was approved by the Burkina Faso Health 

Research Ethics Committee under number 2022-02-023. 
Subjects recruited were those who agreed to participate 
in the study and gave their free and informed consent for 
blood sampling. We guaranteed the confidentiality of our 
database by storing it on a password-protected computer.

IFNG gene primers Size (bp)
Primer T of IFN gamma+874T (Forward) 5’-TTC TTA CAA CAC AAA ATC AAA TCT-3

264
Primer A of IFN gamma+874A (Forward) 5’-TTC TTA CAA CAC AAA ATC AAA TCA-3’ 
Primer of IFN gamma +874T/A (Reverse) 5’-TCA ACA AAG CTG ATA CTC CA-3’
Primer oh Gh1f-F (Forward) 3’-CAG TGC CTT CCC AAC CAT TCC CTT A- 5’

426Primer oh Gh1f-R (Reverse) 5’-ATC CAC TCA CGG ATT TCT GTT GTG TTT C 5’

Table 1. Primers and amplicon sizes used in the study.

Fig. 1. Overview of the gel after amplification and agarose gel migra-
tion of the DNA sample. The genotype of each individual (+874A/T) 
was analyzed using the refractory amplification-mutation-PCR tech-
nique. A primer pair based on the nucleotide sequence of human 
growth hormone (HGH 1F) was added to amplify a 426 bp product 
(Control +) to assess PCR success; negative control (second well of 
the gel), 1: Sample AA; 2: Sample AT; DNA ladder 100pb: base-pair 
marker (first well); HGH 1F: Human growth hormone.
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3.4. Distribution of genotypic and allelic frequencies
In females, genotype frequencies were 80% for AA ho-

mozygotes, 16.67% for AT heterozygotes and 3.33% for 
TT mutated homozygotes. The frequency of mutated al-
leles was 11.7% (Table 4).

In males, genotype frequencies were 71.43% for AA 
homozygotes, 23.21% for AT heterozygotes and 5.36% for 
TT wild-type homozygotes. The frequency of mutated al-
leles was 17.0% (Table 4).

Table 4 shows the proportion of two age groups at diag-
nosis of tuberculosis, before and after the age of 40, in our 
study population. Before the age of 40, genotype frequen-
cies were 60.58% for AA homozygotes, 67.74% for AT 
heterozygotes and 28.57% for TT mutated homozygotes. 
After 40 years, genotype frequencies were 39.42% for AA 
homozygotes, 32.26% for AT heterozygotes and 71.43% 
for TT wild-type homozygotes.

Table 4 also shows the distribution of interferon-γ vari-
ant (IFN +874T/A) genotypes and alleles in relation to the 
GeneXpert results. In the study population, the genotype 
frequencies of mutated homozygotes (AA), heterozygotes 
(AT) and wild-type homozygotes (TT) were 73.3%, 21.8% 
and 4.9% respectively.

These same genotypes in particular (AA, AT and TT) 
accounted for 75.0%, 19.23% and 5.77% respectively in 
positive cases, and 68.42%, 28.95% and 2.63% in negative 
cases. No significant association was found between the 
variants of this polymorphism and tuberculosis.

Furthermore, the frequency of the mutated [A] allele 
was 84.6% in positive cases and 82.9% in negative con-

3. Results
3.1. Socio-demographic characteristics of the study 
population

The 168 participants ranged between 15 and 73 years, 
with an average age of 38.58 ±14.88 years. Women rep-
resented 23.81% (40/168) of the population, compared 
with 76.19% (128/168) men. Majority of the participants 
already had some knowledge of tuberculosis prior to the 
request for examination. In our study population, 73.2% 
(123/168) were confirmed positive for tuberculosis by 
GeneXpert. No cases of resistance to treatment were found 
with the GeneXpert test. Socio-demographic characteris-
tics are shown in Table 2. The results showed that the ma-
jority of GeneXpert positive participants had no education 
(73.58%).

3.2. Amplification and polymorphism detection
After conventional PCR amplification of a fragment of 

the gene encoding IFN-γ, we obtained amplicons at 264 
bp, the wild-type allele (A). Mutated homozygotes (T) 
were characterized by a band size of 264 bp. In our study 
population, some heterozygotes (AT) were found.

3.3. Genotypic and allelic frequencies of the gene en-
coding IFN-γ

Genotypic frequencies conformed to Hardy-Weinberg 
equilibrium (HWE) in the group of negative cases in our 
study population with p = 0.0898 but did not conform to 
Hardy-Weinberg equilibrium (HWE) in the group of posi-
tive cases in our study population with p = 0.007 (p < 0.05) 
(Table 3).

Socio-demographic characteristics
GeneXpert results

Negative Positive

Age
<40 (97) 25.77% (25/97) 74.23% (72/97)
≥40 (71) 28.17% (20/71) 71.83% (51/71)

Gender
Female (40) 35% (14/40) 65.0% (26/40)
Male (128) 24.22% (31/128) 75.78% (97/128)

Marital status
Single (72) 25.0% (18/72) 75.0% (54/72)
Married (96) 28.13% (27/96) 71.87% (69/96)

Level of 
formal 
education

None (53) 26.42% (14/53) 73.58% (39/53)
Local language (12) 33.33% (4/12) 66.67% (8/12)
Primary (38) 21.05% (8/38) 78.95% (30/38)
High school and up (65) 29.23% (19/65) 70.77% (46/65)

Profession
Unemployed (38) 28.95% (11/38) 71.05% (27/38)
Informal (54) 24.07% (13/54) 75.93% (41/54)
Employed (76) 27.63% (21/76) 72.37% (55/76)

Total (168) 26.8% (45/168) 73.2% (123/168)

Table 2. Socio-demographic characteristics of study participants linked to GeneXpert results

 

 

Genotypes 
Positive Negative

Observed Calculated Observed Calculated  

GeneXpert IFN 
+874T/A

AA 78                     74.5 26                         26.1
AT 20                     27.1 11                         10.8
TT 6                        2.5 1                           1.1

χ² 7.10 0.016 
HWE p = 0.007 p = 0.898
χ² :chi-square; HWE : Hardy Weinberg equilibrium; p : p-value

Table 3. Comparison of expected and observed IFN-γ genotype frequencies.
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trols. No statistically significant difference was observed 
between this allele and the occurrence of tuberculosis (OR 
= 0.44; CI (95%) = 0.05-3.79; p = 0.52).

The genotypic and allelic frequencies of the interferon-γ 
(IFN +874T/A) variants in relation to the GeneXpert re-
sults for Contact Cases are presented in Table 4. After 
analysis, the distribution of genotypes and alleles showed 
no specific pattern or correlation between TB patients and 
negative controls.

4. Discussion
This study aimed to investigate polymorphisms of the 

gene encoding IFN-γ among suspected cases and their as-
sociation with Mycobacterium tuberculosis infection in 

Burkina Faso. It revealed the presence of the AA, AT and 
TT genotypes of interferon gamma. The respective pro-
portions were 73.24%, 21.83% and 4.93%. 

Analysis of the data according to sociodemographic 
characteristics showed that the age range of our study 
population varied from 15 to 73 years, with an average of 
38.58 ±14.88 years. Our results showed that majority of 
the infected participants were not educated (73.58%).

Analysis of the genotypic and allelic frequencies of 
the study population showed that the different genotypes 
and alleles in the group of negative cases were in Hardy 
Weinberg equilibrium, while those in the positive sample 
were not. Indeed, Hardy Weinberg's law states that within 
a population, allelic and genotypic frequencies remain 

Gender
Total Female Male OR (95% CI) p-value

N=142(%) N=30(%) N=112(%)

G
en

ot
yp

e AA 104 (73.3) 24 (80.0) 80 (71.43) Reference
AT 31 (21.8) 5 (16.67) 26 (23.21) 0.64(0.20-185) 0.68
TT 7 (4.9) 1 (3.33) 6 (5.36) 0.55(0.06-4.84) 0.29
AT+TT 38 (26.8) 6 (20.65) 32 (28.57) 0.63(0.23-1.67) 0.89

A
lle

le A 239 (84.2) 53 (88.3) 186 (83.0) Reference

T 45 (15.8) 7(11.7) 38 (17.0) 0.65(0.27-1.53) 1.00

Age ranges
Total <40 ≥40 OR (95% CI) p-value

142 (100.0) N(%) N(%)

G
en

ot
yp

e AA 104 (73.3) 63 (60.58) 41 (39.42) Reference
AT 31 (21.8) 21 (67.74) 10 (32.26) 1.37(0.58-3.20) 0.52
TT 7 (4.9) 2 (28.57) 5 (71.43) 0.26(0.04-1.40) 2.77
AT+TT 38 (26.8) 23 (26.7) 15 (27.8) 1.00(0.46-2.13) <0.001

A
lle

le A 239 (84.2) 147 (85.5) 92 (82.1) Reference

T 45 (15.8) 25 (14.5) 20 (17.9) 0.78(0.42-1.41) 0.56

GeneXpert Results
Total Positive Negative 

142 (100.0) N=104(%) N=38(%) OR (95% CI) p-value

G
en

ot
yp

e AA 104 (73.3) 78 (75.0) 26 (68.42) Reference
AT 31 (21.8) 20 (19.23) 11 (28.95) 1.65(0.69-3.89) 0.25
TT 7 (4.9) 6 (5.77) 1 (02.63) 0.50(0.05-4.34) 0.52
AT+TT 40 (28.2) 26(25.0) 12(31.58) 1.38(0.61-3.12) 0.43

A
lle

le A 239 (84.2) 176 (84.6) 63 (82.9) Reference

T 45 (15.8) 32 (15.4) 13 (17.1) 0.44(0.05-3.79) 0.44

Contacts Case

Total GeneXpert 
Positive 

 GeneXpert 
Negative

142 (100.0) N=56(%) N=11(%) OR (95% CI) p-value

G
en

ot
yp

e AA 104 (73.3) 39 (69.64) 9 (81.82) Reference
AT 31 (21.8) 14 (25.0) 2 (18.18) 0.61(0.11-3.22) 0.56
TT 7 (4.9) 3 (5.36) 0 (0) 0.00 0.41
AT+TT 40 (28.2)

A
lle

le A 239 (84.2) 53 11 Reference

T 45 (15.8) 3 0 0.00 0.43

Table 4. Interferon-γ (IFN +874T/A) variants in relation to gender, age and GeneXpert results.
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constant from one generation to the next [14, 15]. Thus, 
this leads us to believe that the genotypic and allelic distri-
bution of the polymorphism of the gene encoding IFN-γ in 
our study is not fully representative of that of the popula-
tion of Burkina Faso. This suggests that the polymorphism 
is not constant from one generation to the next.

In this study, 73.2% of participants had laboratory-con-
firmed tuberculosis. AA, AT and TT variants were identi-
fied, with AA genotypes predominant in 75%, 19.23% and 
5.77% of the study population respectively. Previous stud-
ies have also shown a predominance of AA genotypes in 
cases of pulmonary tuberculosis in Argentina [16]. Indeed, 
the AA genotype leads to low expression of interferon-
gamma and consequently a predisposition to tuberculo-
sis after infection with Mycobacterium tuberculosis [17]. 
These will not be the only interferon variants, as several 
others that may be involved in TB susceptibility have been 
described [18, 19]. In addition to those of Interferon-gam-
ma, authors have identified other genetic or epigenetic 
variants that could be involved through their role in the 
regulation of interferon-gamma [20-22]. Contrary to the 
results of Wu and collaborators [23], the polymorphism 
associated with tuberculosis (AA genotype for this case) 
was found predominantly in women (80% vs. 71.43%), 
but they were the least affected by tuberculosis (65% vs. 
75.78%). This could be explained by the fact that the 
group with the highest awareness of the existence of TB 
were women (85% vs. 75%), and therefore more inclined 
to protect themselves. The under-40 age group was the 
most representative of the AA genotype, in contrast to the 
results obtained by Naz and collaborators [24], who found 
that younger people were more predisposed to contracting 
the disease. But by taking genetic and epigenetic variants 
into account [16], exposure effects could be reduced.

In terms of allelic distribution, the wild-type A allele 
had a frequency of 84.6%, compared with 15.4% for the 
mutated allele. Our allelic frequencies were similar to 
those of [17], which showed that the A allele was clearly 
over-represented among individuals compared with the 
T allele. This could be explained by the fact that there 
is a similarity in the population of the two studies. The 
genotype distribution (OR T: 0.50 [95% CI = 0.05-4.34] 
P < 0.43) and allelic distribution (OR T: 0.44 [95% CI = 
0.05-3.79] P < 0.44) of the gene encoding INF-γ, were not 
statistically significant. Our results differ from those of Al-
Rashidi et al, 2021, who indicated that the distribution of 
the INF-γ T + 874A gene polymorphism reveals a strong 
and significant association between the INF-γ + 874 T/A 
TT genotypes in BC patients (ORTT: 6 [95% CI = 2.72-
15.1] P < 0.0001) and a strong and significant association 
with the T allele (ORT: 1.99 [95% CI = 1.43-2.76] P < 
0.0001), compared with the screening of healthy persons. 
This could be explained by the different genotypes of the 
two populations studied, black versus European.

Genotype A/T, which is very often associated with ex-
tra-pulmonary tuberculosis [25], was predominant in the 
under-40s (67.74%). However, none of the participants in 
our study had ever been diagnosed with extra-pulmonary 
tuberculosis. The TT genotype was predominant among 
those aged 40 and over (71.43%), but in a very small pro-
portion of TB cases.

Although the genetic profile of the host can influence 
disease susceptibility as much as treatment resistance [26], 
for this study population, no cases of treatment resistance 

were found.
The broader implications for understanding tuberculo-

sis susceptibility in different populations include :
- Building up a pathogen-specific and country-specific 

database on high-risk alleles. Indeed, the risk of develop-
ing tuberculosis increases with the number of risk alleles 
[27]. Our study will also serve as a motivation for other 
studies that will enrich this database. 

- Identifying high-risk individuals, so that diagnosis 
and personalized treatment strategies might be tailored to 
the individual and the country.

4.1. Study limitations
This study provides important information on the propor-
tion of interferon-gamma genotypes in a population with 
presumed tuberculosis. This is a preliminary study with 
limitations, such as the small sample size and the num-
ber of parameters available. It will however, guide further 
studies into a clear definition of the association between 
risk alleles, epigenetics and tuberculosis disease in Burki-
na Faso.

This study carried out in Ouagadougou, Burkina Faso, 
revealed the presence of gamma interferon AA, AT and 
TT genotypes in the respective proportions of 73.24%, 
21.83% and 4.93% within a population with presumed tu-
berculosis. However, no association was established be-
tween polymorphisms in the gene encoding INF-γ + 874 
T/A and tuberculosis infection. This is a preliminary study 
that will guide further studies with larger sample sizes that 
should help ease the identification of the association be-
tween the polymorphisms found and tuberculosis disease 
in Burkina Faso. Studies on at-risk alleles will help direct 
the public health strategy of Burkina Faso towards person-
alized care. Taking human genetics into account would be 
an asset in the fight against tuberculosis.
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