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This review explores genetic polymorphisms in East Asians that influence tuberculosis susceptibility, focusing on Nramp1,
HLA-DR2, VDR, and TLR. Genetic polymorphisms can be a great indicator of probability of disease. Mycobacterium
tuberculosis(TB), is an airborne disease responsible for 1.5 million deaths per year. It is especially prevalent within East
Asian nations. In this study, East Asia includes Southeast Asian nations such as China, Korea, and Japan, as well as Southeast
Asian nations such as Malaysia and others. East Asian nations have a disproportionately higher number of TB patients,
with Southeast Asia containing 45% of TB cases despite only containing 8.5% of the world’s population. Although various
factors could contribute to this susceptibility, one of the most prominent factors is genetic polymorphisms. The reasons for
the existence of these polymorphisms within East Asians specifically still remains unclear, but it can be inferred that these
polymorphisms are advantageous in some other ways. Several studies have discovered specific polymorphisms within Nramp1,
HLA-DR2, VDR, TLR and their impacts on TB susceptibility within East Asians. These polymorphisms often impact the
immune system, as it impacts the body’s ability to combat TB. This review explores key polymorphisms and the potential reasons
they create susceptibility to TB. Discovering the polymorphisms that cause susceptibility could be crucial to the prevention of
TB. Technology could be used to determine the chance of an individual with a particular polymorphism contracting TB, and
prevention measures taken. Most studies tend to focus on either a specific region, or a specific polymorphism. There is a lack of re-
search reviewing various polymorphisms while discussing the entirety of East Asia. This review will address this gap in knowledge.
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1 Introduction

Mycobacterium tuberculosis is a pathogenic bacterium that
primarily infects the lungs and causes tuberculosis, a disease
responsible for approximately 10 million cases and 1.5 million
deaths worldwide each year. Tuberculosis (TB) is most preva-
lent within low- and middle-income nations, especially within
East Asian nations1]. Symptoms of TB include a cough that
contains mucus sometimes with blood in it, weight loss, fever,
a loss of appetite, and others. TB spread could be characterized
with body aches in other locations. The risk factors of tuber-
culosis include HIV, Diabetes, Malnutrition, Poverty, Tobacco,
Alcohol, Genetics and others2.

Mycobacterium tuberculosis spreads via airborne infections
between individuals with TB. When TB enters the body, the
innate immune system responds. This consists mostly of
macrophages (Fig. 1). The macrophage consumes the TB cell
and it undergoes phagocytosis, the process of breaking down
the bacteria using enzymes and various chemical reactions.
Parts of the bacteria are then attached to the macrophage’s
cell membrane to signal antibody production. Adaptive im-
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mune system cells, including T-cells and B-cells then create
antibodies to fight against the TB bacteria, taking about 4-7
days. Within 90% of TB cases, macrophages and T-cells either
eliminate the TB bacterium, or the TB bacterium lies dormant
in a state called Latent TB, where TB symptoms are inactive.
Under 5% of other instances, TB overpowers macrophages and
T-cells and a state called active TB is created, where symp-
toms of TB start to infect the host. In 5% of cases, Latent TB
can be reactivated to create secondary active TB. Latent TB is
unremovable from the host in most cases3.

Intriguingly, 45% of TB cases occur in Southeast Asian
(SEA) Nations alone, even though SEA is only 8.5% of the
world’s population4. This paper focuses on the genetic risk
factors within Asians that specifically impacts the innate im-
mune system, discussing specific polymorphisms within genes
that lead to tuberculosis within East Asians. Understanding
the causes of tuberculosis could lead to enhanced prevention
programs targeted to those who have a high probability of
contracting tuberculosis.

It is crucial to consider the genetic polymorphisms of tu-
berculosis as it can act as an indicator for tuberculosis. By
finding the polymorphisms that cause tuberculosis, health facil-
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ities can adequately identify potential tuberculosis patients and
prevent diseases. This research aims to review the question:
To what extent do the prevalence of certain genetic polymor-
phisms influence the probability of contracting tuberculosis
within different regions?

Fig. 1 A macrophage undergoing 4 processes discussed in this paper.
During phagocytosis, the Nramp1 protein undergoes a process called
nutritional immunity, where it transports Fe(II) and Mn(II) to prevent
bacteria access to nutrients. After the bacterium is broken down by
lysosomes and other mechanical and chemical reactions, pieces of it
are sent to the cell surface via HLA-DR2 to send a signal to T-cells to
create antibodies. Vitamin D also enters the macrophage and binds
with the Vitamin D receptor in the cytoplasm, which moves to the
nucleus and activates crucial immune-response genes. TLR responds
to ligands that signal pathogen presence, activating genes in the
inflammatory and other genes.

2 Results

There are many processes within macrophages that play cru-
cial roles in fighting and disrupting the tuberculosis bacterium.
Genetic variation in the molecules involved in these processes
could therefore create advantageous or disadvantageous situa-
tions against tuberculosis. Although there are many variations
within different types of genes in these processes that could
potentially alter an individual’s susceptibility to tuberculosis,
this paper focuses on four main molecules and their associated
polymorphisms that may play a significant role in increas-
ing susceptibility to tuberculosis (Fig 1.):The polymorphisms
within Nramp1 that will be discussed are the D543N allele,
5’(GT)n as well and the 3’UTR polymorphism. The second
molecule is HLA-DR2. The polymorphisms in HLA-DR2
discussed is DRB1 and specifically its serotypes DRB1*1501
and DRB1*1502. The third structure is the vitamin D recep-
tor (VDR). The polymorphism in VDR that will be discussed
is FokI. The final structure discussed is the Toll-Like Recep-

tor. The polymorphisms discussed will be LR2 2258 A/G and
TLR4 896 A/G. Potential reasons for TB susceptibility are
summarized in Table 3.

2.1 Natural Resistance Associated Macrophage Protein 1

Natural Resistance Associated Macrophage Protein 1 (Nramp1)
is a protein involved in affecting nutritional immunity within
macrophages during phagocytosis. Nutritional immunity is
the process of transporting resources away from a foreign sub-
stance to limit the invader’s nutrients and resources to allow the
macrophage to swiftly destroy foreign invaders during phagocy-
tosis. When foreign substances have access to crucial resources,
despite being surrounded by the macrophage, they can struggle
and impede phagocytosis. This can therefore cause a slowing
of phagocytosis and even the destruction of the macrophage.
Nramp1 attempts to prevent this through nutritional immunity.
Nramp1 is specifically in charge of transporting Iron (II) and
Manganese (II) away from bacteria using active transport5.
Therefore, a polymorphism that disrupts Nramp1 function is
likely to disrupt macrophage function and increase the risk of
tuberculosis. The polymorphisms focused on are the D543N
allele, 3’UTR polymorphism, and 5’(GT)n polymorphism.

2.1.1 3’UTR
The 3’ untranslated regions (3’UTR) are sections within

mRNA that remain untranslated after translation to a pro-
tein. Other untranslated regions include 5’ untranslated re-
gion, 5’cap, and poly(A)tail. These regions regulate important
functions such as translation, mRNA stability, and mRNA local-
ization (Fig. 2). Protein-protein interactions (PPI) mediated by
the 3’UTR can allow the genetic information encoded within
3’UTR to be sent to proteins6. This means that a 3’UTR poly-
morphism could have impacts on Nramp1 function that might
allow susceptibility to TB.

Fig. 2 RNA processing after introns are removed. 3’UTR, the coding
region, 5’cap, 5’UTR, and Poly(A) tail are placed structurally.

2.1.2 D543N
The D543N allele refers to when an aspartic acid at position

543 in the Nramp1 protein is replaced by asparagine. This
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is known as a missense mutation, which could alter protein
function. This alteration could therefore alter Nramp1 in a way
that impedes Nramp1’s response to TB.

2.1.3 5’(GT)n
The 5’(GT)n polymorphism refers to when guanine and

thymine (GT) occurs, in a repetitive sequence, n times at the
5’ end of a DNA sequence. It is not directly connected to the
5’UTR region. This is known as microsatellite repeats and has
the potential to alter the function of Nramp1.

2.1.4 3’UTR, D534N, 5’(GT)n and the polymorphisms
associated with TB

In a study of 227 TB patients and 516 controls, individuals
with the 3’UTR polymorphism were found to be 35% more
likely to have TB compared to those without it (OR = 1.35,
95% CI: 1.171.54). D543N and 5’(GT)n polymorphisms are
also related to a 25% and a 31% increase in TB susceptibility
respectively. These findings suggest that these polymorphisms
increase the likelihood of TB, likely by interfering with Nramp1
phagocytic function? . In a meta-analysis conducted with 35
article found that a tuberculosis patient with a D543N polymor-
phism was 31% more likely to contract tuberculosis than ones
without it(OR = 1.31). Similarly, individuals with a 3’UTR
polymorphism were 45% more likely to contract tuberculosis
than ones without it (OR = 1.45) in East Asia. This consistent
association across studies reinforces the role of D543N as a
potential genetic risk factor, especially in East Asian popula-
tions where the polymorphism appears more prevalent7. A
study conducted found that 3’UTR polymorphisms only had a
stronger correlation to TB within Asian populations, compared
to Africans, South Americans, and Caucasians8. Similarly,
neither 3’UTR nor D543N polymorphisms had associations
within TB in European populations7. This aligns within the
view that Europeans have developed natural resistances to TB
compared to Asians9.

Another review of Nramp1 polymorphisms indicated a
higher odds ratio for Asians than overall individuals in 3’UTR
and 5’(GT)n, but indicated no difference for D543N (Table 1).

Table 1 Nramp1 polymorphisms and their odd ratios of being in
tuberculosis patients compared to non-tuberculosis patients10.

Polymorphisms Odds Ratio (95% Confidence In-
terval)
Overall Asians

3UTR 1.33 (1.08-1.63) 1.46 (1.101.94)
D543N 1.67 (1.36-2.05) 1.65 (1.292.12)
5(GT)n 1.32 (1.03-1.68) 1.86 (1.332.62)

2.2 Human Leukocyte Antigen DR Isotope Class 2

Human Leukocyte Antigen DR Isotope Class 2 (HLA-DR2)
is an antigen presenting molecule. It presents peptides to CD4
receptors of T-cells for antibody production, specifically en-
coding MH Class 2 molecules11. Antigen production is crucial
in combating diseases because the adaptive immune system
is able to produce cells that can specifically respond to TB.
A polymorphism within HLA-DR2 could potentially impede
the antigen presenting process, impacting whether or not the
adaptive immune system is able to properly respond to TB. The
polymorphism DRB1*15 and its serotypes (most prominently
DRB1*1501 and DRB1*1502) within HLA-DR2 are the most
common serotypes within TB patients, however other DR2
polymorphisms also have correlations with TB.

2.2.1 HLA-DRB1 Subtypes
HLA-DRB1 subtypes were most commonly seen in North-

east Asians, Southeast Asians, North Americans, and South
Americans, with a consistent frequency of over 20% in many
regions. Europe (West, North, and Southeast), Africa(North
and Sub-Saharan), and Southwest Asia had significantly lower
frequencies of HLA-DRB1*1512. HLA-DRB1*15, a subtype
commonly associated with TB, has approximately a 28% fre-
quency in Malaysia13 and over 20% in several East and South-
east Asian populations12. A study conducted with 289 healthy
control subjects and 153 TB patients discovered that those
with some serotype of HLA-DR2 were more frequently present
within tuberculosis patients with 61.82% of those with TB hav-
ing some type of HLA-DR2, and only 42.86% in control groups
without TB14. Another study conducted within Asian Indians
found that 90% of pulmonary TB patients had DRB1*1501
allele, while only 65.2% of healthy control subjects had it.
Similarly, DRB1*1502 allele had a 64.1% frequency within
tuberculoid leprosy patients, while only a 39.1% frequency in
control subjects15.

2.3 Vitamin D Receptor

Vitamin D receptor (VDR) is a cytoplasmic receptor that when
bound by its ligand activates genes after binding. Vitamin D
is prominent within macrophages in activating genes such as
cathelicidin antimicrobial peptide (CAMP), a peptide that cre-
ates inhibitory effects to bacteria; Interleukin-10, a cytokine
that modulates cell homeostasis and inflammation; and many
other functions crucial for immune response. There is evidence
that those with Vitamin D deficiencies are likely to contract dis-
eases, specifically upper respiratory diseases and autoimmune
diseases11. The polymorphism FokI is the main polymorphism
impacting TB susceptibility16.

2.3.1 FokI polymorphisms
A FokI polymorphism refers to change in a single nu-

cleotide(C¿T) at the start codon (ATG) of the VDR in exon 2.
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This can result in two forms of protein, the longer or shorter
form. The longer form contains 427 amino acids, encoded
by the f allele. The shorter form is encoded by the F allele
with 424 amino acids. The shorter form has been found to
increase transcriptional activity of the VDR16.A meta-analysis
discovered that there is 32% higher chance of contracting TB
within FokI homozygote models (OR = 1.32) and 26% higher
in the recessive model compared to non-TB individuals (OR
= 1.26) . East Asians individuals with this polymorphism had
a slightly higher likelihood of contracting TB17. Similarly,
another meta-analysis found that there is a 35% higher likeli-
hood of a TB patient having FokI compared to controls. This
study also found that East Asian TB Patients had a 42% higher
likelihood of having FokI polymorphisms compared to healthy
controls compared to control groups, further suggesting ethnic
implications17.

2.4 Toll-like Receptor

Fig. 3 The interaction between a ligand and TLR, resulting in the
gene activation of type I interferon genes.

Toll-like Receptors (TLRs) are membrane-bound recep-
tors that are often situated in the innate immune system,
especially macrophages. Toll-like receptors (TLRs) detect
Pathogen-associated molecular patterns (PAMPs), molecules
from pathogens like Mycobacterium tuberculosis, and Damage-
associated molecular patterns (DAMPs), signals from damaged
host cells. These patterns trigger immune responses. Poly-
morphisms in TLRs may impair this detection, weakening the
body’s defense against TB. TLR triggers a cascade inside the
immune cell once it binds to its ligand. Transcription factors
such as NF-B are activated, in turn producing pro-inflammatory
cytokines and type I interferons. These molecules can activate
inflammation to combat pathogens and play crucial roles in
the immune system response to pathogens. TLR can also
help mature antigen presenting molecules, such as HLA-DR2,

therefore supporting the adaptive immune system18. Poly-
morphisms in TLRs could therefore impact the production of
pro-inflammatory cytokines and type I interferons therefore
either strengthen or weaken the immune system response to
TB. The polymorphisms focused on are TLR2 2258 A/G and
TLR4 896 A/G.

2.4.1 TLR2 2258 A/G
TLR2 2258 A/G is an adenine allele at the 2258 position

within receptor 2 of TLR that has been replaced by guanine in
its genetic sequence.

2.4.2 TLR4 896 A/G
TLR4 896 A/G is an adenine allele at the 896 position within

receptor 4 of TLR that has been replaced by a guanine in its
genetic sequence.

2.4.3 TLR2 2258 A/G and TLR4 895 A/G associations
with TB

There is a 17% higher chance that a TB patient has TLR2
2258 A/G than the chance for a healthy control patient to have
TLR2 2258 A/G.12. TLR2 G2258A had an odds ratio of 5.82
for those with TB compared to those without indicating strong
association with TB. In an ethnic subgroup analysis, it was
found that Asians had increased risk compared to other ethnici-
ties with an odds ratio of 2.95 with a 91% higher likelihood of
contracting TB in Asian Indians14,19. This data indicates that
TLR2 2258 G/A and TLR4 896 A/G are closely linked with
tuberculosis.

Table 2: Structures and their potential contributions to TB
susceptibility. Summarizes immune-related structuressuch as
Nramp1, HLA-DR2, VDR, and Toll-like Receptors (TLRs)and
explains how genetic polymorphisms may impair their func-
tions, weakening host defense against tuberculosis.

3 Discussion

This review presented the polymorphisms Nramp1, HLA-DR2,
VDR, TLR and their correlation to TB within East Asia, using
multiple studies and meta-analyses. As research surround-
ing the aforementioned polymorphisms and many other poly-
morphisms continue, the ability to prevent and combat TB
increases. Scientists can create comprehensive systems to dis-
cover a patient’s chances of contracting TB, allowing the imple-
mentation of prevention measures. As gene editing and other
technologies advance, discovering the genetic risk factors for
TB could prevent the deaths of many. Nevertheless, there are
various limitations to this discussion. Firstly, it is unclear why
these polymorphisms are predominantly present within East
Asians. These polymorphisms are likely evolutionary traces
that serve other purposes catered specifically towards condi-
tions primarily faced within East Asia. Because of their impact
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Table 2 Structures and their potential contributions to TB
susceptibility. Summarizes immune-related structuressuch as
Nramp1, HLA-DR2, VDR, and Toll-like Receptors (TLRs)and
explains how genetic polymorphisms may impair their functions,
weakening host defense against tuberculosis.

Structures Potential Contributions to TB Susceptibil-
ity

Natural
Resistance
Associated
Macrophage
Protein 1
(Nramp1)

Involved in nutritional immunity, which is
the process of transferring nutrients, specifi-
cally FeII and MnII away from a foreign in-
vader during phagocytosis. A polymorphism
can disrupt the process allowing the bacteria
to maintain more FeII and MnII leading to a
slower or failed process of phagocytosis.

Human
Leukocyte
Antigen DR
Isotope Class
2 (HLA-DR2)

Involved in presenting antigens to T-cells. A
polymorphism could therefore disrupt anti-
body production and weaken the adaptive
immune system response.

Vitamin D Re-
ceptor (VDR)

VDR binding activates genes such as cathe-
licidin antimicrobial peptide (CAMP) and
Interleukin-10 ( IL-10) that play crucial roles
in immune system response. A polymor-
phism could therefore disrupt the activation
of these genes leading to weaker immune
responses.

Toll-Like
Receptors
(TLRs)

Responds to molecular patterns associated
with pathogen presence by producing pro-
inflammatory cytokines and type I interfer-
ons, playing a crucial role in inflammation.
A polymorphism in TLRs could therefore
disrupt the production of these molecules,
weakening immune response.

on the immune response to tuberculosis, they were likely de-
veloped in order to grant some type of advantage against other
pathogens that may be more prevalent within East Asia. Further
research is needed to discover the geographic-specific nature
of these polymorphisms. If scientists blindly modify these
polymorphisms in order to prevent TB, it is likely that other
pathogens would impact humans more significantly due to the
absence of these polymorphisms. Sociopolitical and environ-
mental factors may also contribute to the high prevalence of
TB in East Asia. Urban crowding, poor ventilation, limited
healthcare access in rural areas, and inconsistent public health
infrastructure can exacerbate TB transmission and progression.
East Asian nations could often have significant disparities in
health infrastructure and resources access that acts as risk fac-
tors for TB. Issues such as childhood wasting could exacerbate
disparities in health resource access thus leading to higher

TB prevalence20.Consistently, specific genetic polymorphisms
such as Nramp1 543N and 3’UTR, HLA-DRB1 1501/1502,
and many others are significantly associated with increased
TB susceptibility in East Asian population. These studies find
that these polymorphism typically create an increase from 25%
to 45%, indicating that these polymorphisms impair immune-
related processes. Furthermore, differences emerge around the
strength and consistency of these associations across different
regional groups. For instance, the 3’UTR polymorphisms in
Nramp1 shows strong correlations in East Asian populations
but not in Europeans or Africans7,8, suggesting that other vari-
ables such as urban lifestyle, health disparities, and others could
influence whether these polymorphisms lead to TB prevalence.
Similarly, while DRB11501 is consistently linked with TB in
Asian Indian studies, the extent of its association varies by re-
gion and sample size15. Crucially, a gap in research is the lack
of studies that aim to explore the mechanisms as to why these
polymorphisms influence TB susceptibility. Most studies are
correlational in nature. Future research can aim to explore these
mechanisms in order to discover additional information on TB.
Next, the polymorphisms and genes discussed are only correla-
tional. It is unclear exactly why polymorphisms such as 3’UTR,
D543N, FokI and TLR2 2258 A/G lead to susceptibility to TB.
Further research is needed to discover the concrete mechanism
behind their influence on TB. Finally, meta-analyses and stud-
ies conducted were primarily set within accessible locations
and hospitals mostly within urban areas. This could lead to
certain less developed nations and areas being excluded from
these studies, leading to a less accurate representation of East
Asia as a whole. Further research should be conducted within
these areas to determine the exact influence of polymorphisms
across the whole of East Asia.

4 Methods

Research articles were obtained from 3 databases: Google
Scholar, ResearchGate, and PubMed Clinical Inquiries (Fig.
4). On Aug 12th, PubMed Clinical Inquiries was used with
filters prognosis’, diagnosis’, and etiology’ at both a broad’ and
narrow’ scope with the search terms genetic susceptibility’ and
tuberculosis’. 4 articles were picked based on relevance. On
Aug 15th, 2024, research was conducted with Google Scholar
using the search terms polymorphisms’, tuberculosis’, and
Asia’. Articles were selectively picked based on relevance,
resulting in 2 chosen articles. ResearchGate was used with
the filter cell culture’ on Aug 15th, 2024, with search terms
polymorphisms’, tuberculosis’, and Asia’. Articles were se-
lectively picked based on relevance, and 1 article was chosen.
On Aug 15th, the process used on Aug 12th with PubMed
Clinical Inquiries was used but instead with the search terms
Nramp 1’ and HLA-DR2’. 5 articles were chosen based on
relevance. On August 21st, it was decided that the main focus
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will be NRAMP 1, HLA-DR2, VDR, and TLR gene poly-
morphisms. This removed 9 articles from the 15 collected. 5
additional articles were found on August 21st, 22nd, and 23rd
with PubMed, 2 with ResearchGate, and 5 with Google Scholar
using search terms Nramp1, HLA-DR2, VDR, TLR, East Asia,
and tuberculosis (Fig. 4).

Fig. 4 The research process going from the databases used, to the
filters used, to when and how many articles were discovered from
each database.
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