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INTRODUCTION

Tuberculosis (TB) is the second cause of death from in-
fectious diseases. In 2016, TB killed 1.3 million 
non-HIV-infected and 374,000 HIV-infected individuals, 
and there were an estimated 10.4 million new TB cases. 
Every year, 40 million persons get infected with Myco-
bacterium tuberculosis (Mtb) all over the world, only 
10.4 million those having clinical disease (WHO, 2018). 
Each infection has a risk of 5% to 10% for the disease to 
progress, if not treated (CDC, 2013). In Mexico, TB is a 
significant health problem, since in 2012 the incidence 
was 16.8 cases per 100,000 habitants, and an estimated 
25,000 cases were documented in 2013 (SINAVE/DGE/
SALUD, 2012; PAHO/WHO, 2015). Some studies sug-

gest that from 30% to 40% of the Mexican adult popu-
lation is infected by Mtb and, therefore, are at risk of 
developing TB by re-activation (García-Sancho et al., 
2006). In addition, in both developed and developing 
countries, including Mexico, the frequency of TB trans-
mission with rapid progression to the disease is around 
28%-40% (García-García et al., 2000).
Cervical lymph node tuberculosis (LNTB) is consid-
ered the most common extrapulmonary manifesta-
tion of the disease in developing countries. Lymph 
nodes may be affected in primary or secondary tuber-
culosis due to dissemination of the adjacent circula-
tion (Ilgazli et al., 2004; Golden & Vikram, 2005). Usu-
ally, LNTB appears in young adults between 20 and 40 
years old, with manifestation around 6 to 9 months 
after the initial infection (Popescu et al., 2014), and a 
preference for posterior cervical and supraclavicular 
ganglion chains (Ilgazli et al., 2004; Singh et al., 2016). 
Diagnosis could be established based on patient’s an-
amnesis, complete physical examination, tuberculin 
test and acid-fast staining, but must be confirmed by 
histopathology (Zaatar et al., 2009).
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SUMMARY

Cervical lymph node tuberculosis (LNTB) is the most common manifestation of extrapulmo-
nary tuberculosis, resulting from the interaction of environmental and genetic factors. The 
immune response against TB is regulated by several cytokines, which have single nucleotide 
polymorphisms (SNPs), leading to different levels of expression. The aim of this study was to 
evaluate the association of LNTB with the TNF, IL8, IL10, IL12B and IFNG gene polymor-
phisms in Mexican patients. We investigated the association of ten SNPs in 14 patients with 
LNTB and 138 healthy controls. Significant differences were found for the allele TNF–238A 
(P=0.03) and the genotypes TNF–238GA (P=0.03), IL8+396GG (P=0.01) and IL12B+1188CC 
(P=0.04). Allele IL8+781C showed some association trend (P=0.08). Haplotypes TNF-AA and 
IL10-GTA were of susceptibility, whereas haplotype IL8-ATT was of protection. No association 
was found with IFNG. The association of these polymorphisms with extrapulmonary TB was 
compared in different populations. Our results suggest that these cytokine SNPs may influence 
the manifestation of LNTB in Mexican patients; however, we are aware of the limitations of our 
study, so it is necessary to make a replica using a larger sample of patients, as well as an in-
creased number of cytokines with SNPs.
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The immune response against TB is regulated by the 
interaction of lymphocytes, antigen-presenting cells, 
and cytokines. During infection, active phagocytes 
secrete pro-inflammatory cytokines such as IL (inter-
leukin) 12 and TNF (tumor necrosis factor). IL12 in-
duces the production of T helper (Th) type 1 cyto-
kines by natural killer (NK) and T cells, for example 
IFN (interferon)-g, to activate infected macrophages 
and eliminate Mtb (Flynn & Chan, 2001). Expression 
in vivo or in vitro of TNF activates IL10 production 
and this interaction (IL10/TNF) is involved in pulmo-
nary tuberculosis (PTB) progression (Bean et al., 
1999). IFNg is a key Th1 cytokine produced primarily 
by NK and T cells; its production plays a pivotal role 
in macrophage activation for controlling Mtb infec-
tion (Collins & Kaufmann, 2001). Mice with a dis-
rupted IFNG gene cannot produce reactive nitrogen 
intermediates when challenged, which restricts the 
increase in bacilli (Cooper et al., 1993). Humans with 
an inherited complete or partial IFNg receptor defi-
ciency are highly susceptible to infection by atypical 
mycobacteria (Casanova & Abel, 2004).
Elevated levels of IL8 have been described in several 
fluids of patients with TB, as well as in granulomas 
(Dlugovitzky et al., 1997; Mastroianni et al., 1994; 
Bergeron et al., 1997); this chemokine is produced by 
leukocytes and endothelial cells in response to Mtb or 
its components (Zhang et al., 1995; Lin et al., 1998). 
Fibroblasts are also potent secretors either in vivo or 
in vitro of IL8, being the major potential source of this 
chemokine in TB. Its production restricts the intracel-
lular growth, and enhances the macrophage killing of 
Mtb, suggesting a key role for fibroblasts in the im-
mune response to Mtb infection (O’Kane et al., 2007).
Although genes that code for cytokines have a relative 
low frequency of genetic variation, a growing number of 

association studies have involved single nucleotide poly-
morphisms (SNPs) as host factors influencing suscepti-
bility to infectious diseases. These SNPs may be located 
on the promoter; coding and non-coding regions of the 
cytokine genes and some of them may influence their 
expression (Wilkinson, et al. 1999; Oral et al., 2006).
Reports on the association of cytokine polymorphisms 
with EPTB are limited and generally make no distinc-
tion in the type of EPTB. Therefore, the objective of 
this study is to determine if cervical lymph node tuber-
culosis is associated with any of the 10 selected poly-
morphisms of the TNF, IL8, IL10, IL12B and IFNG 
genes in a sample of the Mexican population.

MATERIALS AND METHODS

Study population
Fourteen patients with histopathology-confirmed 
LNTB attending the Otolaryngology Service of the 
General Hospital “Dr. Manuel Gea Gonzalez” in Mex-
ico City were included. The control group was com-
prised of 138 subjects, with no current evidence or 
history of LNTB, paired by age and sex with patients.
This work complies with the current health laws of 
Mexico and with the 1964 Helsinki Declaration and 
its later amendments, and was approved by the Eth-
ics in Research and Research Committees of the Gen-
eral Hospital “Dr. Manuel Gea Gonzalez”. Written 
informed consent was obtained from each partici-
pant before sampling.

Genotyping
DNA was obtained from 20 ml of EDTA-peripheral 
blood using proteinase K and phenol/chloroform ex-
traction. Ten SNPs of the genes TNF, IL8, IL10, IL12B 
and IFNG were amplified by polymerase chain reac-

Table 1 - Sequences of the primers and probes used for genotyping cytokine polymorphisms.
Primers Probes

TNF–308 
(rs1800629)

F: 5’-AGGCAATAGGTTTTGAGGGCCAT-3’
R: 5’-TCCTCCCTGCTCCGATTCCG-3’

Endonuclease: 
NcoI

Allele G: 87 + 20 bp
Allele A: 107 bp

TNF–238 
(rs361525)

F: 5’-GCCCCTCCCAGTTCTAGTTCTATC-3’
R: 5’-AAGCGGTAGTGGGCCCTGCACCTT-3’

TNF–238-G
TNF–238-A

5’-GGAATCGGAGCAGGGA-3’
5’-GGAATCAGAGCAGGGA-3’

IL8–251 
(rs4073)

F: 5’-TCTAACACCTGCCACTCTAG-3’
R: 5’-CCTGAGTCATCACACTTCCT-3’

IL8(–251)A
IL8(–251)T

5’-CATACATTTGATAATTCA-3’
5-’CATACAATTGATAATTCA-3’

IL8+396 
(rs2227307), 
+781 
(rs2227306)

F: 5’-CTCTGTGTGAAGGTAAGCAC-3’
R: 5’-TATCAACAGGCACAGCTCTG-3’

IL8(+396)G
IL8(+396)T
IL8(+781)C
IL8(+781)T

5’-ATGCATGCTACATGGTATAA-3’
5’-ATGCATGCTAAATGGTATAA-3’
5’-ACATTGAACGACTTCCTAT-3’
5’-ACATTGAACAACTTCCTAT-3’

IL10–1082 
(rs1800896), 
–819, 
(rs1800871), 
–592 
(rs1800872)

F: 5’-ATCCAAGACAACACTACTAA-3’
R: 5’-TAAATATCCTCAAAGTTCC-3’

IL-10(–1082)1A
IL-10(–1082)1G 
IL-10(–819)2C 
IL-10(–819)2T
IL-10(–592)3C 
IL-10(–592)3A

5’-CTTTGGGAAGGGGAAGTA-3’
5’-CTTTGGGAGGGGGAAGT-3’
5’-GTGATGTAACATCTCTGTG-3’
5’-GTGATGTAATATCTCTGTG-3’
5’-CGCCTGTCCTGTAGGAAG-3’
5’-CGCCTGTACTGTAGGAAG-3’

IL12B +1188 
(rs3212227)

F: 5’-TTCTATCTGATTTGCTTTA-3’
R: 5’-TGAAACATTCCATACATCC-3’

IL12B(+1188)A
IL12B(+1188)C

5’-TGTATAGTTAGATGCTAAATG-3’
5’-GTATAGTTCGATGCTAAATG-3’

IFNG +874 
(rs2430561)

F: 5’-TATGATTCTGGCTAAGGAATGT-3’
R: 5’-ACGAGCTTTAAAAGATAGTTCC-3’

IFNG (+874)T
IFNG (+874)A

5’-AAATCAAATCTCACACACACAC-3’
5’-AAATCAAATATCACACACACAC-3’
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tion (PCR): TNF –308 G>A (rs1800629), –238 G>A 
(rs361525); IL8 –251 A>T (rs4073), +396 G>T 
(rs2227307), +781 C>T(rs2227306); IL10 –1082 A>G 
(rs1800896), –819 C>T (rs1800871), –592 C>A 
(rs1800872), IL12B +1188 A>C (rs3212227), and IFNG 
+874 T>A (rs2430561), with the primers and probes 
described in Table 1. PCR was performed in 100 ml total 
volume, containing 50 mM KCl; 10 mM Tris–HCl, pH 
8.3; 2 mM MgCl2; 200 mM of each dNTP; 0.25 mM of 
each primer (Eurofins MWG Operon, USA); two units 
of Taq polymerase (Epicentre Biotechnologies, USA); 
and 200 ng of DNA. PCR amplified DNA was blotted 
onto nylon membranes and hybridized with digoxi-
genin-11-ddUTP labeled oligonucleotide probes and 
visualized by chemiluminescence (Bignon & Fernan-
dez-Vina, 1996).

Statistical analysis
Allele (AFs) and genotype (GFs) frequencies were cal-
culated by direct counting. Differences in frequencies 
between groups were compared using a Chi-squared 
test with Yate’s correction, considering P≤0.05 as the 
minimum level of significance. Two-tailed Fisher’s ex-
act test was used when the expected frequency in at 
least one cell was less than 5. Relative risk was calcu-
lated as an odds ratio (OR). Ninety-five percent confi-
dence intervals (95% CI) were obtained by using 
Cornfield’s approximation. Haplotypes and linkage 
disequilibrium (LD) blocks were determined by con-
fidence interval method using Haploview 4.2 software 
(http://www. broadinstitute.org) (Barrett et al., 2005). 

To establish the most informative model of Mende-
lian association (dominant, co-dominant, recessive, 
over-dominant, or log additive), the online SNPStats 
program was used (http://bioinfo.iconcologia.net/es/
SNPStats_ web) (Solé et al., 2006).

RESULTS

The polymorphisms of three cytokine genes (TNF, 
IL10 and IFNG) that are known to be closely related 
to pulmonary tuberculosis, as well as those of two 
cytokine genes (IL8 and IL12B) that have not been 
extensively investigated in TB patients but might be 
relevant to the disease, were selected and are de-
scribed below. The TNF poly morphisms rs1800629 
(-308G>A) and rs361525 (-238G>A) are known to be 
directly related to the expression levels of this cyto-
kine, which is also important in susceptibility to TB 
(Higuchi et al., 1998; Sharma et al., 2008). Three poly-
morphisms of the IL10 gene have been implicated on 
susceptibility to TB: rs1800896 (-1082 A>G), 
rs1800871 (-819 C>T), and rs1800872 (-592 C>A) (Liu 
et al., 2015; Silva et al., 2020). IFN-g is a pro-inflam-
matory cytokine that plays an important role in resis-
tance to TB, and the polymorphism rs2430561 (+874 
A>T) of the IFNG gene is related to different levels of 
expression of this cytokine and susceptibility to TB 
(Wu et al., 2019). IL12B rs3212227 (+1188 A>C) is one 
of the key polymorphisms that have functional effects 
and are associated with susceptibility to TB (Liu et al., 
2014). Some studies suggest that the IL8 polymor-

Table 2 - Allele frequencies of the TNF, IL8, IL10, IL12B and IFNG polymorphisms in CLNTB#.
Gene Alleles Cases (%) Controls (%) P OR(95%CI)*
TNF –238G 88.46 98.06 0.03 0.14 (0.03-0.71)

–238A 11.54 1.94 0.03 6.70 (1.41-31.82)
–308G 88.46 94.66 0.41 0.39 (0.10-1.52)
–308A 11.54 5.34 0.41 2.53 (0.64-9.74)

IL8 –251A 73.08 63.04 0.42 1.53 (0.62-3.75)
–251T 26.92 36.96 0.42 0.65 (0.27-1.61)
+396G 57.69 42.81 0.21 1.79 (0.79-4.06)
+396T 42.31 57.19 0.21 0.56 (0.25-1.25)
+781C 80.77 61.38 0.08 2.46 (0.89-6.76)
+781T 19.23 38.62 0.08 0.41 (0.15-1.11)

IL10 –1082G 38.46 45.31 0.64 0.76 (0.34-1.76)
–1082A 61.54 54.69 0.64 1.30 (0.57-2.98)
–819C 57.69 54.65 0.93 1.12 (0.49-2.53)
–819T 42.31 45.35 0.93 0.89 (0.39-2.02)
–592C 46.15 61.02 0.21 0.55 (0.25-1.24)
–592A 53.85 38.98 0.21 1.81 (0.81-4.08)

IL12B +1188C 83.33 66.54 0.14 2.29 (0.76-6.92)
+1188A 16.67 33.46 0.14 0.43 (0.14-1.31)

IFNG +874A 61.54 60.92 0.88 1.00 (0.44-2.32)
+874T 38.46 39.08 0.88 0.99 (0.43-2.27)

#Cervical lymph node tuberculosis. *Odds ratio (95% confidence interval). Characters in bold and italics indicate association. Characters only in bold 
indicate trend of association.
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Table 3 - Genotype frequencies of the TNF, IL8, IL10, IL12B and IFNG polymorphisms in CLNTB#.

Gene Genotypes Cases (%) Controls (%) P OR (95%CI)*

TNFa –238GG 76.92 96.12 0.03 0.13 (0.02-0.69)

–238GA 23.08 3.88 0.03 7.37 (1.44-37.69)

–308GG 76.92 89.32 0.40 0.37 (0.09-1.56)

–308GA 23.08 10.68 0.40 2.68 (0.64-11.24)

IL8 –251AA 46.15 34.06 0.57 1.67 (0.53-5.25)

–251AT 53.85 57.97 0.99 0.84 (0.26-2.63)

+396GG 23.08 3.60 0.01 8.2 (1.69-39.14)

+396TT 7.69 17.99 0.58 0.54 (0.07-4.34)

+396GT 69.23 78.42 0.68 0.59 (0.17-2.04)

+781CC 61.54 42.28 0.29 2.10 (0.65-6.80)

+781CT 38.46 38.21 0.78 1.04 (0.32-3.37)

IL10 –1082GG 7.69 10.94 0.91 0.95 (0.11-7.85)

–1082AA 30.77 20.31 0.60 1.83 (0.52-6.42)

–1082GA 61.54 68.75 0.82 0.71 (0.22-2.29)

–819CC 30.77 20.16 0.59 1.85 (0.53-6.48)

–819TT 15.38 10.85 0.97 1.73 (0.35-8.62)

–819CT 53.85 68.99 0.42 0.52 (0.16-1.65)

–592CC 0.00 25.98 0.15 0.22 (0.01-3.77)

–592AA 7.69 3.94 0.93 2.67 (0.29-24.79)

–592CA 92.31 70.08 0.17 3.58 (0.45-28.55)

IL12B +1188CC 66.67 33.09 0.04 3.79 (1.09-13.29)

+1188CA 33.33 66.91 0.04 0.26 (0.08-0.92)

IFNG +874AA 23.08 21.85 0.80 1.17 (0.30-4.59)

+874AT 76.92 78.15 0.80 0.85 (0.22-3.32)
#Cervical lymph node tuberculosis. *Odds ratio (95% confidence interval). Characters in bold and italics indicate association. Characters only in bold 
indicate trend of association.

Table 4 - Haplotype frequency of the TNF, IL8 and IL10 polymorphisms in CLNTB#.
Gene Haplotypes Cases (%) Controls (%) P OR (95%CI)d
TNFa GG 88.10 93.20 0.34 0.54 (0.15-1.99)

AG 0.40 4.90 0.29 0.08 (0.00-38.90)
AA 11.10 0.50 <0.001 15.82 (2.54-260.13)
GA 0.40 1.40 0.65 0.26 (0.00-144.25)

IL8b AGC 41.40 27.00 0.32 1.91 (1.05-3.46)
TTC 9.00 15.70 0.15 0.53 (0.22-1.27)
TTT 7.30 14.50 0.10 0.46 (0.18-1.18)
ATC 21.70 13.00 0.10 1.85 (0.87-3.93)
ATT 4.30 14.10 0.01 0.27 (0.09-0.83)
AGT 5.60 9.10 0.34 0.59 (0.19-1.76)
TGC 8.70 5.50 0.38 1.63 (0.54-4.95)
TGT 2.00 1.30 0.69 1.55 (0.17-14.35)

IL10c ACA 34.90 26.80 0.37 1.47 (0.63-3.45)
GTC 18.90 25.70 0.45 0.67 (0.24-1.86)
ATC 11.20 17.10 0.44 0.61 (0.17-2.16)
GCA 6.70 10.10 0.56 0.62 (0.13-3.12)
ACC 10.40 9.60 0.89 1.09 (0.29-4.13)
GCC 5.70 8.70 0.61 0.64 (0.12-3.54)
GTA 7.20 1.20 0.02 6.59 (1.02-42.57)
ATA 5.10 1.00 0.09 5.29 (0.61-45.88)

#Cervical lymph node tuberculosis. aTNF haplotypes: -308, -238; bIL8 haplotypes: -251, +396, +781; cIL10 haplotypes: -1082, -819, -592; dOdds ratio (95% 
confidence interval). Characters in bold and italics indicate association.
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phisms rs4073 (- 251A>T), rs2227307 (+396 G>T) and 
rs2227306 (+781T>C) are involved in respiratory dis-
eases, including TB, and we wanted to determine 
their participation, if any, on LNTB.
The male to female ratio in the case group was 1:1 
and the average age was 29.28±17.5 years. Only one 
patient presented arterial hypertension as comorbid-
ity. The average age was 28.16±13.6 years in the con-
trol group and the male to female ratio was 1.2:08.
AFs and GFs of the TNF, IL8, IL10, IL12B and IFNG 
polymorphisms are presented in Tables 2 and 3, re-
spectively. In every instance, the co-dominant model 
is shown. Only the allele TNF–238A (P=0.03; OR 
[CI95%] 6.7 [1.41-31.82]) was associated with suscep-
tibility to LNTB, and reciprocally the allele TNF–238G 
is related with protection. A trend of association with 
the allele IL8+781C (P=0.08; OR [CI95%] 2.46 [0.89-
6.76]) was observed. Genotypes TNF–238GA, (P= 0.03; 
OR [CI95%] 7.37 [1.44-37.69]), IL8+396GG (P=0.01; 
OR [CI95%] 8.2 [1.69-39.14]) and IL12B+1188CC 
(P=0.04; OR [CI95%] 3.79 [1.09-13.29]) were signifi-
cantly increased in LNTB patients, whereas genotypes 
TNF–238GG, (P=0.03; OR [CI95%] 0.13 [0.02-0.69]) 
and IL12B+1188CA were protective. No association 
was found with IL10 and IFNG alleles or genotypes.
Haplotype frequency is shown in Table 4. Haplotypes 
TNFAA (P<0.001; OR [CI95%] 15.82 [2.54-260.13]) 
and IL10GTA (P=0.02; OR [CI95%] 6.59 [1.02-42.57]) 
were associated with susceptibility, and the haplotype 
IL8ATT (P=0.01; OR [CI95%] 0.27 [0.09-0.83]) with 
protection.

DISCUSSION

Several features of the host, the pathogen and the en-
vironment are involved in TB pathogenesis. The goal 

of the present study was to relate 10 SNPs of the 
genes TNF, IL8, IL10, IL12B and IFNG with LNTB in 
a sample of the Mexican population.
To compare the association of these polymorphisms 
with EPTB in different populations, we carried out an 
exhaustive review of the literature (summarized in 
Table 5). Twelve studies have been conducted on the 
participation of TNF and EPTB polymorphisms, of 
which only six show association (Ben-Selma et al., 
2011b; Zhu et al., 2012¸ Lv et al., 2016; Zhou et al., 
2017; Zheng et al., 2018; Qiu et al., 2018). A risk allele 
was found in a Tunisian population (TNF–308A) 
(P=0.024) (Ben-Selma et al., 2011b). In the Chinese 
population, one study showed an association between 
the risk allele TNF–308A (P=0.006) and the genotype 
TNF–308GA (P=0.003) with osteoarticular TB (Lv et 
al., 2016). Two studies investigated the effect of TNF 
gene polymorphisms in spinal TB: one found a pro-
tective effect of the allele TNF–238A (P=0.04) and the 
dominant model TNF–238AA+AG (P=0.05) (Zhou et 
al., 2017); the other did not found any significant as-
sociation for TNF–238 or TNF–308 but did show an 
association with the genotype TNF–857CT (P<0.001) 
and the recessive model TNF–857CT+TT (P<0.001) 
(Zheng et al., 2018)
One meta-analysis showed the association between 
the risk of PTB+EPTB and the genotypes TNF–857CT 
(P<0.001) and TNF–857CC (P=0.01), while no associ-
ation was found with TNF–308 (Zhu et al., 2012). On 
the contrary, another meta-analysis reported an asso-
ciation with the dominant and the allele model of 
TNF–238 (P=0.004, P=0.006, respectively) and TNF–
308 (P<0.001, P<0.001, respectively) polymorphisms 
(Qiu et al., 2018). Our results differ from those previ-
ously reported indicating that susceptibility to LNTB 
is associated with the TNF–238A allele and the TNF–

Table 5 - Studies of polymorphisms related to the pathogenesis of EPTB.
Gene Polymorphism P value Population Reference
TNF -308A P=0.024 Tunisian Ben-Selma et al., (2011)

-857CT
-857CC

P<0.001
P=0.01

Analysis 
of all populations

Zhu et al., (2012)
Meta-analysis

-308A
-308GA

P=0.006
P=0.003 Chinese Lv et al., (2016)

-238A
-238AA+GA

P=0.04*
P=0.05* Chinese Zhou et al., (2017)

-857CT
-857CT+TT

P<0.001
P<0.001 Chinese Zheng et al., (2018)

-238GG
-238G

-308GG
-308G

P=0.004
P=0.006
P<0.001
P<0.001

Analysis 
of all populations

Qiu et al., (2018)
Meta-analysis

-238A
-238GA

P=0.03
P=0.03 Mexican This study

IL8 -251TA
-251AA
-251TA
-251AA

P=0.07
P<0.01
P<0.01
P<0.01

Caucasian

African-American
Ma et al., (2003)

>>>
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Gene Polymorphism P value Population Reference
-251TA+AA P=0.02 Analysis of all populations Yu et al., (2019)

Meta-analysis
+781C

+396GG
ATT haplotype

P=0.08*
P=0.01
P=0.01*

Mexican This study

IL10 -1082AA P=0.02 Colombian Henao et al., (2006)
-1082G Pc=0.028 Turkish Oral et al., (2006)
-1082G

GCC haplotype
Pc<0.001
Pc<0.001 Turkish Ates et al., (2008)

-592CA
-592AA

P=0.003*
P=0.003* Peruvian Taype et al., (2010)

-1082GG Pc=0.003 Egyptian Mosaad et al., (2010)
-1082G

-1082AG
Pc=0.0002
Pc=0.0003 Tunisian Ben-Selma et al., (2011)

-819T
-592A

Pc=0.042
Pc=0.042 Chinese Liang et al., (2011)

-1082AA P=0.009 Indian Ramaseri Sunder et al., (2012)
-1082GG

-819C

-819CC

-592C

-592CC

P=0.001
P=0.004*
P=0.007*
P=0.025*
P=0.033*
P<0.001*
P=0.033
P=0.005
P=0.004
P<0.001*
P=0.033

European
Asian

Asian

Asian
European
Caucasian

Asian
European

Liu et al., (2015)
Meta-analysis

-1082GG
-819CT vs CC
-819TT vs CC

-592A
-592AA

P=0.003
P=0.035
P=0.043
P=0.002
P=0.02

European
Asian

Ke et al., (2015)
Meta-analysis

-819T vs C
-819TT vs CC

-819TT+CT vs CC,
-819TT vs CT+CC

-592A
-592AA

ACC haplotype
ACC haplotype
GCC haplotype

P=0.003
P=0.006
P=0.006
P=0.03
P=0.03*
P=0.03*
P=0.04*

P=0.002*
P<0.0001

Asian

European

Asian
European

Gao  et al., (2015)
Meta-analysis

GTA haplotype P=0.02 Mexican This study
IL12 +1188 NS Caucasian, American and 

African Ma et al., (2003)

+1188AC+CC vs AA
+1188A

P=0.015
P=0.019 Caucasian Liu et al., (2014)

Meta-analysis
+1188CC P=0.04 Mexican This study

IFNG +874AA
+874A

P= 0.017
P=0.0055 South African Rossow et al., (2003)

+874AA P=<0.001 Chinese Tso et al., (2005)
+874T

+874AA
NA
NA Colombian Henao et al., (2006)

+874T
+874TT

P=0.0008*
P=0.0002* Analysis of all populations Pacheco et al., (2008)

Meta-analysis
+874A

+874AA
P=<0.0009
P=<0.0019 Brazilian Vallinoto et al., (2010)

+874AA, +874A Pc=0.015 Egyptian Mosaad et al., (2010)
+874AA Pc=0.001 Tunisian Ben-Selma et al., (2011)
+874AA P=0.039 Chinese Shen et al., (2013)

+874 NS Mexican This study

*Protective effect; Pc: Bonferroni correction of the p values; NS: Not Significant; NA: Not Available.
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238GA genotype, contrary to the observations of 
Zhou et al. (2017), who showed a protective effect of 
these polymorphisms.
There are six studies in the literature on TB and IL8 
polymorphisms, of which only two include some pa-
tients with EPTB. One is by Ma et al. (2003b), who 
integrated a case-control study in adults in which 
they found that the IL8–251TA and IL8–251AA geno-
types were associated with an increased risk of 
TB+EPTB for Caucasian (P=0.07 and P<0.01, respec-
tively) and African American (P<0.01 and P<0.01, re-
spectively) populations (Ma et al., 2003b). The other 
is by Yu et al. (2019), who found an association with 
the risk of TB+EPTB in the recessive model IL8–
251TA+AA (P=0.02) (Yu et al., 2019). Our results 
showed an association with IL8+781C allele, 
IL8+396GG genotype with the risk of EPTB, while the 
IL8ATT haplotype (P=0.01) suggests an association 
with protection. However, no comparison could be 
made with the previous reports because none includ-
ed these polymorphisms.
In 16 articles that analyzed IL10 polymorphisms, 
samples of EPTB were included, finding significant 
associations in 11 studies. In the Turkish population 
the IL10–1082G allele was associated with risk of 
TB+EPTB (Pc=0.028 and Pc<0.001) (Oral et al., 2006; 
Ates et al., 2008), as well as the GCC haplotype (IL10–
1082, –819, –592) (Pc<0.001) (Ates et al., 2008). In 
South America, two populations were studied, one of 
which showed an association of the IL10–1082AA 
genotype with risk of pleural tuberculosis (P=0.02) 
(Henao et al., 2006), while in the second, the IL10–
592CA and IL10–592AA genotypes were associated 
with protection for EPTB (P=0.003) (Taype et al., 
2010). One study in the Egyptian population showed 
that the high producer IL10–1082GG genotype was 
significantly higher in patients with PTB when com-
pared with patients with EPTB (Pc=0.003) (Mosaad et 
al., 2010). In the Tunisian population the IL10–1082G 
allele was significantly over-represented in patients 
with PTB and EPTB (Pc=0.0002), however the IL10–
1082AG genotype was associated with increased sus-
ceptibility to EPTB (Pc=0.0003) (Ben-Selma et al., 
2011b). No association was found in the Chinese pop-
ulation with the polymorphism IL10–1082, but an 
association with pleural TB was found with the IL10–
819T (Pc=0.042) and IL10–592A alleles (Pc=0.042) (Li-
ang et al., 2011). Contrary to previous studies, in the 
Indian population the risk genotype associated with 
PTB+EPTB was IL10–1082AA (P=0.009) (Ramaseri 
Sunder et al., 2012). On the other hand, two me-
ta-analyses showed risk association with the IL10–
1082GG genotype in Europeans (P=0.001 and 
P=0.003) (Liu et al., 2015; Ke et al., 2015) and a third 
meta-analysis showed no association with this poly-
morphism (Gao et al., 2015). The IL10–819TC vs CC 
(P=0.035) and IL10–819TT+TC vs CC (P=0.043) mod-
els were associated with the risk in the Asian popula-

tion in the meta-analysis performed by Ke, et al. 
(2015), finding similar results by Gao et al. (2015), T 
vs C (P=0.003), TT vs CC (P=0.006), TT+TC vs CC 
(P=0.006), TT vs TC+CC (P=0.03) related with risk in 
the Asian population. This is consistent with a third 
meta-analysis in which the IL10–819C allele (P=0.004 
and P=0.007) and IL10–819CC genotype (P=0.025 and 
P=0.033) were associated with protection in the same 
population (Liu et al., 2015).
As for the IL10–592 polymorphism, Ke, et al. (2015) 
found that the IL10–592A allele (p=0.002) and the 
IL10–592AA genotype (p=0.02) were associated with 
the risk of PTB+EPTB in Asian populations, while 
Gao et al. (2015), found the same allele and genotype 
associated with protection in Europeans with PT-
B+EPTB (P=0.03 in both). Similarly, the haplotype 
ACC was associated with protection in Asians (P=0.04) 
and Europeans (P=0.002), while the GCC haplotype 
was significantly related with risk in Europeans 
(P<0.0001). Complementary to the findings reported 
by Gao et al. (2015), Liu et al. (2015) described the 
IL10–592C allele and the IL10–592CC genotype of 
risk in Europeans (P=0.033) and Caucasian (P=0.005 
and P=0.004) (Liu et al., 2015). Regarding these SNPs, 
our results showed a risk association only with the 
IL10GTA haplotype.
For the IL12B 3’UTR+1188A>C polymorphism and 
PTB+EPTB, only two studies have been published. In 
one of them there was no association in both Cauca-
sian and African-American populations (Ma et al., 
2003a); the other is a meta-analysis by Liu et al. 
(2014), in which a significant association with protec-
tion was found in Caucasians in the dominant model 
AC+CC vs AA (P=0.015), while the 3’UTR+1188A al-
lele was associated with risk (P=0.019). Contrary to 
these results, the 3’UTR+1188CC genotype was asso-
ciated with the risk of EPTB in our population.
In nine studies of the IFNG+874T>A (rs2430561) 
polymorphism and EPTB, only eight had a significant 
association. Two studies in the Chinese population 
showed the IFNG+874AA genotype associated with 
risk (P<0.001 and P=0.039) (Tso et al., 2005; Shen et 
al., 2013). Two studies describe associations of South 
American populations and EPTB: in Brazilians the 
IFNG +874A (P<0.0009) allele and IFNG+874AA 
(P<0.0019) genotype are related to risk, whereas in 
Colombians the IFNG+874T allele was increased in 
patients with pleural and miliary TB (P not available) 
(Henao et al., 2006; Vallinoto et al., 2010). In the 
Egyptian, South African and Tunisian populations, 
the IFNG+874AA genotype is also associated with risk 
of PTB+EPTB (Pc=0.015, P=0.017, Pc=0.001, respec-
tively) (Mosaad et al., 2010; Rossouw et al., 2003; 
Ben-Selma et al., 2011a), while IFNG+874A allele is 
associated only with the South African population 
(P=0.0055) (Rossouw et al., 2003). Furthermore, in a 
meta-analysis, the IFNG+874T allele (P=0.0008) and 
the IFNG+874TT genotype (P=0.0002) indicated a 
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protective effect, considering the total analysis (Pa-
checo et al., 2008). In our study, this polymorphism 
did not reach statistical significance.
The discrepancies between our results and the results 
of the studies presented above may be due to the size 
of the sample and/or to differences in the genetic 
background of the populations analyzed. Additional 
studies with larger sample size will help identify the 
most important polymorphisms linked to extrapul-
monary TB risk.
Finally, in this study we described for the first time 
the association of LNTB with the genotype IL8+396GG 
and the haplotype IL8ATT, as well as a trend of asso-
ciation IL8+781C. However, the small sample size 
might represent a source of bias for the results ob-
tained, as well as an explanation of the high confi-
dence intervals found. Therefore, to confirm these 
associations the study must be replicated with a larg-
er sample size, as well as a larger number of cytokine 
polymorphisms included, in order to unravel possible 
immune mechanisms involved in the pathogenesis of 
this disease.
Our findings suggest the contribution of the TNF, IL8 
and IL10 polymorphisms in the etiology of cervical 
lymph node tuberculosis in a sample of the Mexican 
population.
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