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Tuberculosis and Single Nucleotide Polymorphismsin the SP-A Gene

SP-A Gene SNPs and Susceptibility to Tuberculosis

Urooj Subhan', Ezza Binte Tariq °, Farah Deeba’, Sidra Younis®

SUMMARY

Tuberculosis (TB), is a primary global health concern, caused by Mycobacterium tuberculosis (MTB). Pakistan is
ranked 5" among highly prevalent TB countries. Susceptibility to TB is affected by several biological variables,
including age, gender, host genetics, and host immunity. Among these, host genetics is a key factor because it
not only affects the probability of TB susceptibility but also aggravates its clinical manifestations.
Understanding the contribution of host genetics in the protection, proneness, and progression of TB is of
paramount importance. The host's innate immune system offers protective genes that promote uptake and
clearance of MTB and detrimental genes that promote survival and progression of MTB. Surfactant protein A
(SP-A) is an essential constituent of innate immunity involved in the host defense against various pathogens,
particularly MTB. SP-A acts as a bridge between MTB and macrophages as it interacts with the glycoprotein
located on the surface of MTB and mannose receptors present on the surface of alveolar macrophages,
consequently enhancing the engulfment of MTB. This gene is also important in LTBI as it is involved in the
progression of LTBI to active TB. A variety of single nucleotide polymorphisms (SNPs) are in the exonic and
intronic regions of SP-A gene that may affect its expression hence MTB uptake into macrophages. SP-A
polymorphisms have been investigated in various diseases but not specifically for TB and LTBI in the Pakistani
population. This review is aimed at summarizing existing literature on SP-A gene polymorphisms and their
impact on SP-A gene expression in pulmonary as well as extrapulmonary disorders. This study will assist in
choosing candidate polymorphisms that can be further investigated in TB and LTBI patients from the Pakistani
population. Total of 17 Studies were identified reporting 79 SPA gene polymorphisms including rs1059047,
rs1136450, rs1059049, rs1059054, rs4253527, rs1136452, rs1914663, rs1059225, rs17880809, rs1965708,
rs17886395, rs1059046, rs17879335, rs17881720 in pulmonary and extra pulmonary disorders. Conclusion:
We conclude that rs1059047 is most commonly studied SNP that has a significant effect on expression of SP-A
geneandisanappropriate candidate to be investigated in LTBland active TB.
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TB Prevalence
TB is an airborne bacterial infection spread by the
inhalation of tiny aerosols from the cough and
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sneeze of an individual infected with MTB. TB is
caused by the small bacillus pathogenic bacterium
MTB that belongs to the family Mycobacteriaceae.
MTB was first identified in 1882 by Robert Koch and
has a waxy, unusual coating on its surface due to
mycolic acid and cord factor glycolipid making it
impervious to gram staining. The MTB divides every
18-24 hours, and its physiology is extremely aerobic
and non-motile. MTB mostly attacks the lungs,
causing pulmonary TB (PTB), but it can also attack
other parts of the body (kidney, spine, bones,
nervous system, or brain), resulting in extra-
pulmonary TB (EPTB).

Globally, TB accounts for the deaths of 1.5 million
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individualsin 2023 (including co-infection of 161,000
people with HIV). TBis the 13" leading cause of death
globally and the second most frequent infectious
killer worldwide, after COVID-19.> The Eastern
Mediterranean Region has a TB incidence rate of
14.4 cases per 100,000 people. In Pakistan, the
annual prevalence of TB is 310 cases per 100,000
people.’

When an individual inhales MTB from an infected
person, the infection occurs either as an
asymptomatic latent TB infection (LTBI) or as a
symptomatic active TB infection. LTBI refers to the
condition when bacterial proliferation is restrained
by host immune responses inside granulomas or
other areas, where it can only persist in a dormant
state, and the inflammatory response is decreased.
When TB is latent, an individual does not feel ill or
show symptoms of active TB.’ According to WHO, 2-3
billion individuals are infected with LTBI while 5-10%
of individuals experience reactivation in their
lifetime.

TB Pathogenesis

MTB transmission potential is influenced by several
factors, including host susceptibility, infectious
droplet nuclei concentration, and duration of
exposure. When these aerosols are inhaled by
uninfected individuals, alveolar macrophages are
the first cells to become infected. One or more
outcomes may result from the consequent
deposition of MTB in the lungs, including the instant
removal of MTB from the body, direct beginning of
active disease (primary disease), asymptomatic
infection (LTBI), or the commencement of an active
disease several years after LTBI (disease
reactivation).

To eradicate pathogens, macrophages have
lysosomes, which have hydrolytic enzymes. Under
normal immune response, the lysosome fuses with
the phagosome to form a phagolysosome in which
the pathogen is dissolved with acids and finally
eliminated.’ But in the case of TB, the formation of
phagolysosomes is restricted, and MTB remains
protected inside the macrophages without being
detected by the immune system and may reproduce
at a slow rate. The infected macrophages then
release these bacilli, and other macrophages will
pick them up, which results in a large number of
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infected cellsin the distal part of the lung, resulting in
primary infection.” Three weeks after primary
infection, cell-mediated immunity takes effect, and
immune cells surround the site of infection, resulting
in the development of a particular kind of lesion in
the lungs known as a granuloma or tuberculoma.’
Granuloma is an enlarged cellular aggregate that
comprises macrophages and other inflammatory
cells resulting in Ghon focus, in the center of the
lungs within 2-6 weeks after infections.’

After the local infection occurs in macrophages and
granulomas have been formed, the infection is no
longer contained at the local site. There is a spillover
of the infection to the regional lymph nodes in the
lungs, leading to an immune reaction. The regional
lymph nodes and infected granuloma are called
Ghon complex. At this stage, either there is complete
elimination of MTB or it goes to a quiescent state that
is known as LTBI." Primary infection is progressive,
resulting in local progression of infection, which
either leads to enlargement of Ghon focus, causing
PTB, also known as TB pneumonia, or may
disseminate widely in other organs of the body, such
as the liver, brain, and other parts of the lungs,
resulting in EPTB. Additionally, 5-10% of individuals
develop secondary disease which represents the
reactivation of a prior latent infection or prior
dormant infection.’ Reactivation of primary infection
is influenced by many biological factors for example
suppression of host immune system by co-infection
with other pathogen (incidence of reactivation
increases 10-100 times in HIV patients),
immunosuppressant drugs (as in case of organ
transplant), autoimmune diseases (administration of
TNF-a blockers) and chronic renal failure."

Human Genetics and TB Susceptibility

Susceptibility to TB is affected by several biological
variables. Among these, host genetics clearly
influences the probability of TB onset because most
of the genes participate inimmunological responses,
and SNPs in these genes alter the immunity.”” Host
genetics explains why some individuals are
more/less susceptible to TB infection. Several
genome-wide association studies (GWAS) and
genome-wide linkage studies provide evidence that
host genetics strongly influences TB susceptibility.
Several studies investigated that SNPs in pattern
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recognition receptors (PRRs) and phagocytic
receptors are involved in the recognition of MTB.
Studies suggest that among these PRRs, SNPs in
mannose receptors (MR), VDR (Vitamin D receptor),
DC-SIGN (Dendritic Cell-Specific Intercellular
adhesion Molecule-3-Grabbing Non-Integrin), TLRs
(Toll Like Receptors), NOD1/NOD2 (Nucleotide-
binding Oligomerization Domain Containing Protein
1 and 2), and CR1 (Complement Receptor 1)
(CD11b/CD18) are associated with TB. Numerous
studies have demonstrated that individuals
possessing specific mutations in the genes encoding
soluble C-type lectins, which serve as a primary
defense mechanism against Mycobacterium
tuberculosis (MTB) infection such as Surfactant
Protein A (SP-A), Surfactant Protein D (SP-D), and
Mannose-Binding Lectin (MBL) exhibit a significant
association with tuberculosis (TB) infection.””

Many genetic research studies have revealed
significant associations of innate immune
modulators (TNF, IL-1B, IL6, 1L8, IL-10, 1L12, IL18,
MCP-1, CCL5, CXCL10, iNOS, and NRAMP1) with
increased risk of TB. After examining multiple
pertinent studies, along with their findings and
conclusions, there is substantial evidence to indicate
that TB is a genetically predisposed and defined
infectious disease caused by MTB. Furthermore,
genetic variations are implicated in the progression
from latent TB infection to active TB disease.””*"™
Surfactant Proteins

Surfactant proteins are a group of specialized
proteins from the collectin family that play a crucial
role in the respiratory system, particularly the lungs.
These host defense proteins have a critical function
in maintaining alveolar homeostasis and immunity.”
These proteins are primarily an intricate
combination of lipids and proteins that coat the
lungs' alveoli. Pulmonary surfactants help to
decrease interfacial tension and prevent the collapse
of alveoli during breathing, allowing for efficient gas
exchange.”

There are four different subtypes of surfactant
proteins (SPs), namely surfactant protein A, B, C, and
D. All types of SPs are made by type Il alveolar
epithelial cells (AECs). SP-B and SP-C are lipophilic
and small proteins, while SP-A and SP-D are
hydrophilic and large molecules.” SP-B and SP-C are
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hydrophobic proteins critical for the surface tension-
lowering properties of surfactant. SP-B is necessary
for the development of surfactant-like particles,
while SP-C helps to stabilize the surfactant film. SP-B
interacts with phospholipids, the key surfactant
component, and helps decrease surface tension
within the alveoli. The alveoli can stay open during
exhalation due to decreased surface tension, which
stops lung collapse.” SP-C is embedded in the
phospholipid layer of surfactant and helps stabilize
the surfactant film at the boundary of liquid and air.
SP-A and SP-D are similar constituents only produced
by the lungs.” SP-A and SP-D have been attributed to
the innate immunity in the lungs. Both surfactant
proteins serve to promote the clearance of viruses
and bacteria.” It is reported that SP-A is used as an
opsonin and is essential for the respiratory system's
innate immune response, enhancing the
phagocytosis of microorganisms by immune cells.
The modulation of surfactant metabolism and
clearance is another role of SP-A.* Like SP-A, SP-D
participates in the intrinsic immunological reaction.
It recognizes and binds to specific carbohydrate
sequences present on the surface of various
microbes, facilitating their clearance by immune
cells. Bourbon et al. reported that SP-D is an
important modulator of lung surfactant lipid levels,
and it has been postulated that SP-D might also
contribute to the homeostasis of phospholipids at
locations other than the lungs.” Moreover, SP-D is
expressed in cardiac myocytes and endothelium,
where it is thought to operate as a blocker of
inflammatory signaling. SP-D also aids in surfactant
homeostasis, modulation of inflammation, and lung
defense against pathogens.”

These surfactant proteins (SP-A, SP-B, SP-C, and SP-
D) work collectively to maintain optimal lung
function by promoting efficient gas exchange,
controlling surfactant metabolism, and contributing
to respiratory immune defense. Chang at el,
demonstrated that deficits in surfactant proteins
might cause respiratory distress syndrome (RDS) in
preterm newborns as well as other lung diseases.”
Furthermore, surfactant protein gene mutations
have been related to various types of lung disorders,
such as interstitial lung disease, pulmonary fibrosis,
and pulmonary tuberculosis (PTB).™*
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SP-Aanditsrolein TB pathogenesis

Pulmonary surfactant protein A (SP-A), a kind of
immune-reactive protein normally produced by type
Il alveolar epithelial cells, substantially impacts
innate immunity, inflammatory processes, and
hypersensitivity reactions. The primary structure of
SP-A consists of a signal peptide sequence and four
additional domains: a neck domain, a collagen-like
domain, an N-terminal sequence necessary for
oligomerization, and an evolutionarily conserved
carbohydrate recognition domain (CRD) located at
the C-terminus. The CRD is responsible for calcium-
dependent ligand binding.*”” The SP-A gene is located
on chromosome 10 (Chr10g22-23) and comprises
six exons, four of which are coding, interrupted by a
pseudogene-containing DNA segment of
approximately 40 kb.” SP-A1 and SP-A2 are two
functional proteins encoded by the SP-A gene. The
SP-A molecule exhibits a hexameric structure,
consisting of six heterotrimers arranged in a
bouquet-like formation.™ Further investigation is
required to elucidate the mechanismsinvolvedinthe
intracellular trafficking and secretion of newly
synthesized SP-A.”

Since MTB is primarily transmitted through the
respiratory tract, SP-A is the first barrier for its entry
in the cell. By acting on the mannose receptor on the
surface of macrophages and the glycoprotein
located on the cell wall of MTB, acts as a bridge
between them and aid the uptake of MTB by
macrophages.” MTB's surface may be recognized by
SP-A and SP-D, which aids in triggering the immune
response against the bacteria.” SP-A and SP-D can
also regulate the role of immunological cells such as
macrophages and dendritic cells, which can alter the
immune response to MTB. SP-A and SP-D, for
example, can improve macrophages' capacity to
phagocytose MTB and increase the production of
cytokines. Both surfactant proteins may also aid in
preventing MTB spread from the lungs to the rest of
the body.” Dissemination is an important phase in
the transformation of latent TB infection to active TB.
Some studies have found that levels of surfactant
proteins are lower in persons with active TB, which
might give rise to a weakened immune response and
greater vulnerability to TB.”' SP-A stimulates
phagocytosis by the opsonization of microorganisms
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or by the functional upregulation of phagocyte
receptor function.” SP-A induces the production of
reactive oxygen intermediates and nitric oxide,
stimulates chemotaxis and interaction between LPS
and CD14, increase expression of scavenger receptor
(SRA) and complement receptor (CR3), and
modulate TLR function.” Comparative in vivo
research between MTB-infected and uninfected
macrophages, as well as research on active MTB-
infected mice, has demonstrated that SP-A has a
range of effects, though many processes still need to
be extensively investigated.”

Polymorphismsin SP-A gene

Numerous SP-A polymorphisms in the sequence of
the SP-A gene can lead to protein production with
different structures and functions.” These variations
can affect the SP-A levels in the serum, its ability to
bind to pathogens, and its role in regulating immune
responses in the lungs. Many SNPs have been
recognized in the SP-A gene that can influence SP-A
levels, activity, and susceptibility to lung disease. For
instance, studies on genetic polymorphisms in SP-A
have explored association with respiratory diseases
such as allergic rhinitis, chronic obstructive
pulmonary disease (COPD), community-acquired
pneumonia (CAP), neonatal lung diseases,
pulmonary edema, asthma, intestinal lung disease,
and pediatric tuberculosis. Underlying mechanisms
for these associations often lie in
immunomodulation effects or alteration in the
surfactant metabolism due to changes in SP-A gene
expression triggered by these SNPs. The SP-A SNPs
have also been investigated in non-respiratory
diseases. For example, an association has been
suggested between SP-A polymorphisms and
autoimmune disorders, where aberration in the
immune hemostasis may induce the onset of disease
like systemic lupus erythematosus.

Several studies have investigated the association of
SP-A1 and SP-A2 gene polymorphisms with various
pulmonary and extra-pulmonary diseases, including
allergic rhinitis, neonatal lung disease, r-UTI, cystic
fibrosis (CF), high-altitude pulmonary edema,
meningococcal disease, interstitial lung diseases,
and pediatric tuberculosis in different populations.
We have summarized information on SP-A1 and SP-
A2 gene polymorphisms including SNP, location,
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amino acid change, nucleotide change, expression
level, receptor, disease, and populationin table-1. In
the SP-A1l gene following polymorphisms were
found; rs1059047, rs1136450, rs1059049,
rs1059054, rs1059050, rs1059052, rs1059053,
rs1136452, rs4253527, rs4253528, rs1136451,
rs4253527, rs1059057, rs1914663, rs1059225 and
rs1617662. Furthermore, in SP-A2 following
polymorphisms were identified including
rs17880809, rs1965707, rs1965708, rs17886395,
rs1059046, rs17879335, rs17881720, rs2271788,
rs17878270, rs17886395 and rs1136452. The
influence of these SNPs goes beyond the modulation
of disease susceptibility. The overall picture
emerging from these studies emphasizes the
complexity and breadth of impact that SP-A genetic
variation can have on disease susceptibility and gene
expression, reaffirming the need for continued
exploration in this area. SP-A gene polymorphisms
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can alter the structure of SP-A protein, impacting its
ability to bind pathogens like MTB. These variations
may modify immune cell signaling or phagocytosis
efficiency, potentially enhancing or reducing the
host's susceptibility to TB. Some polymorphisms
enhance pathogen recognition, improve
phagocytosis, stimulate inflammatory response, and
promote bacterial clearance, leading to increased
protection against TB, while others might have more
nuanced effects. SP-A polymorphisms are related to
TB susceptibility through their impact on the
protein's function in innate immunity. Variants of SP-
A can influence how effectively macrophages
recognize and engulf M. tuberculosis, thereby
impacting infection progression and immune
response. For example, specific SP-A variants may
enhance the immune response by increasing
cytokine production, which aids in controlling TB
infection.

Table-1: Surfactant Protein A polymorphisms

SNP Location Aminoacid Nucleotide Expression level Receptor Disease Populati Refere
change Change on nces
Polymorphism in SP-Al gene
rs1059047 Exon_1 Alal9Val T1101C Decrease SP-A Clq, Allergic  Chinese 64
rs1136450 Exon_1 Vals0oLeu C1193G transcriptional levels TLR2, rhinitis populati
in human lung tissue CD14, on
rs1059049 Exon_2 Thr66Met A201G
_ TLR4,
rs1059054 Exon_2 Arg85Cys C51T SIRP-a,
rs1059050  Exon 2  lle66Met A51G N/A and
CD91/calr
rs1059052 Exon_2 Asn73Asp A51G N/A o
eticulin
rs1059053 Exon_2 Val81lle A51G N/A
rs1136452 Exon_2 Ala91Pro C51G N/A
rs4253527 Exon_4 Trp219Arg c/T N/A
rs4253528 Exon_4 Term242Ar C7247 N/A
g
rs1059047 Exon_1 Val19Ala T1101C N/A LPS, Neonat General 65
rs1136450  Exon 1  ValsOleu  G1193C N/A CD14, allung  populati
TLRs Disease  on
rs1136451 Coding Pro62Pro A256G N/A
exon
rs4253527 Exon_2 Arg219Trp c/T N/A
rs1059057 Exon_6 Thr133Thr A133G N/A
rs1059047 Exon_1 Alal9Val Cc1101T High serum and low TLR2, r-UTl Chinese 66
urine SP-A TLR4 women
rs1136450 Exon_1 Leu50Val C1193G N/A
rs1136451 Exon_2 Pro62Pro A256G N/A
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rs1059057 Coding Thr133Thr A133G N/A
Sequenc
e Variant
rs1059047 Exon_1 Alal9Val Cc1101T N/A CFTR Cystic Pennsyl 67
Fibrosis  vania
rs1136450 Exon_1 Leu50Val C1193G N/A (CF)
rs1136451 Exon 5 Pro62Pro A256G N/A
rs1059057 Exon_4 Thr133Thr G133A N/A
rs4253527 Exon_4 Arg219Trp, c/T N/A
rs1059047 Exon_1 Vall9Ala c1101T Homozygous increase B2- High- Chinese 68
and heterozygous adrenoce  Altitude HAN
decrease SP-A level ptor Pulmon
Exon 2 His39His C1162T N/A ary
rs1136450  Exon2  Leu50Val  C1193G N/A Edema
Intron B Cl416T N/A N/A
Exon 3 G1544A N/A N/A
Exon 5 Tyrl84Tyr T3138C N/A
Exon 5 Asp202Asp T3192C Non redundant SNPs
rs1136451 Exon 5 Pro216Pro T3234C
rs1059047 Exon 1 Vall9Ala T1101C The SP-A expressionis  SIRPa Mening  Finland 69
restricted to the lower ococcal
respiratory tract and Disease
SP-A2 is over
expressed generally
throughout the airway
rs1136450 N/A Val50Leu G1193C N/A
rs4253527 N/A Arg219Trp c/T N/A
rs1136452 N/A Ala91Pro G51C N/A
N/A 140 Silent N/A
Cc/T
rs1059047 Exon_1 Alal9Val C1101T Lower BAL fluid SP-A Cbi4 Interstit  General 70
rs1136450  Exon 2  leusOval  C1193G levels and. In iallung  populati
scleroderma, higher disease on
rs4253527 Exon_4 Arg219Trp Cc/T serum levels of SP-A s
rs1136452 Exon_2 Pro91Ala G51C
rs1914663 Intron N/A N/A Increase Serum levels N/A Pediatri  Han 71
rs1059225 3'UTR N/A N/A of SP-A (The T allele), N/A c Chinese
susceptibility factor to tubercu  populati
B losis on
rs1617662 3'UTR N/A N/a N/A N/A
rs4253527 Exon-4 Arg219Trp Cc/T N/A N/A
Polymorphism in SP-A2
rs17880809 Exon_1 Asn9Thr A/C 64
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rs1965708

rs17886395

rs17880809
rs17886395
rs1965707

rs1965708
rs17880809
rs17886395
rs1965707

rs1965708

rs1059046

rs17886395
rs1965707

rs1965708
rs1965707
rs1965708

rs17880809
rs1965708

rs17880809
rs1965708

rs17879335

rs17881720

rs2271788

rs17878270
rs17886395

Exon_4

Exon_2

Exon_1
Exon_2

Coding
Sequenc
e Variant
Exon_5

Exon_1
Exon_2

Coding
Sequenc
e Variant
Exon_5

Exon_1

Exon_2

Exon_5
Exon 6

Exon_6

CRD

Exon_1

Exon_4

3’UTR

3’'UTR

5’UTR
5’UTR

Lys223GIn

Pro91Ala

Asn9Thr
Ala91Pro
Ser140

GIn223Lys
Asn9Thr
Pro91Ala
Ser140Ser

Lys223GIn

Asn9Thr

Pro91Ala
Ser140Ser

GIn223Lys
Ser140Ser
GIn223Lys

Asn9Thr
GIn223Lys

Thr9Asn

Lys223GIn

N/A

N/A

N/A

N/A
Ala91Pro

C667A

G271C

A/C
G271C
C420T

C667A
A/C

G271C
C450T

C667A

C26A

C271G
C450T

C667A
T271C
C667A

A/C
C667A

A/C
C667A

N/A

N/A

N/A

N/A
G271C
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Decrease SP-A
transcriptional levels
in human lung tissue
N/A

Decrease serum SP-A

N/A

Overexpressed
N/A
N/A
N/A

High serum and low
urine SP-A

BAL SP-A level
increased in early
disease, decreased as
disease progresses
N/A

N/A

N/A
N/A

Increase serum SP-A
level

N/A
N/A

N/A
N/A

Decrease Serum levels
of SP-A (The G allele),
a resistance factor to
B

N/A
N/A

Clq,
TLR2,
CD14,
TLR4,
SIRP-a,
and
CD91/calr
eticulin
LPS,
CD14,
TLRs

TLR2,
TLRS

CFTR

p2-
adrenoce
ptor

SIRPa

CD17

N/A

N/A

N/A

N/A
N/A

Allergic
rhinitis

Neonat
al Lung
Disease

r-UTl

Cystic
Fibrosis
(CF).

High-
Altitude
Pulmon
ary
Edema
Mening
ococcal
Disease
Interstit
ial lung
disease
s
Pediatri
c
tubercu
losis

Chinese
populati
on

General
populati
on

Chinese
women

Pennsyl
vania

High-
altitude
native
(HAN)

Finland

General
populati
on

Han
Chinese
populati
on

66

65

67

68

69

70

71
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rs1965708 Exon- Lys223GIn C667A N/A
Missense
mutation
N/A Intron 3 C1382G N/A N/A
N/A Intron 3 T1492C N/A N/A
rs1136452 Exon 4 Ala91Pro G1649C N/A
N/A Exon 4 Arg94Arg A1160G N/A
N/A Exon 5 Phel14Phe C2474T N/A
N/A Exon 5 GIn120Pro C2491A N/A

SP-A Gene SNPs and Susceptibility to Tuberculosis

N/A
B2- High- High- 68
adrenoce  Altitude altitude
ptor Pulmon  native
ary (HAN)
Edema

C1q: Complement component 1q, TLR2: Toll-like Receptor 2, CD14: Cluster of differentiation 14, SIRP-a: Signal Regulatory protein
o, LPS: lipopolysaccharides, CFTR: Cystic Fibrosis Transmembrane Conductance Regulator, CRD: Carbohydrates recognition
domain, 3’ UTR: 3’ untranslated region, 5’UTR: 5’ untranslated region, BAL: Broncho-alveolar Lavage

Association of SP-A SNPs with TB and LTBI

There are few investigations into the potential
correlation between SNPs in the SP-A gene and their
implications on TB susceptibility. These studies have
been summarized below. A case-control study was
conducted to explore genetic variations in the SP-Al
and SP-A2 genes and susceptibility to TB in the
Ethiopian population. This study encompassed 181
Ethiopian families comprising a total of 226
individuals afflicted with TB (consisting of 119 males
and 107 females). The PCR-RFLP technique was
utilized for investigating genetic variations. This
extensive analysis scrutinized nine SNPs located
within the exonic region of SP-A1 and SP-A2. The
outcome of this study revealed a statistically
significant association between SP-Al alleles 307A
and 776T,and SP-A2 alleles 751C and 355C with TB.”
A case-control study was conducted to investigate
the correlation of SNPs in SP-A1 and SP-A2 genes
encoding pulmonary SP-A with the susceptibility to
PTB in the Han population in China. This study
included 248 patients with active PTB and a control
group consisting of 124 normal individuals. Genetic
polymorphisms were analyzed using sequence-
specific PCR (SSP-PCR). Results showed that the G
and T alleles at aa91 and aal40 in SP-A2 were
significantly higher in the active PTB patients than in
the control group suggesting that the two loci aa91
and aal40are related to PTBin the Han populationin
China and the G allele at aa91 and T allele at aa140
may be risk factors for PTB in the Han population in
China.”

Another case-control study aimed to investigate the
association of polymorphisms in CRD of SP-A1 and
SP-A2 with PTB in the Indian population. This study
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encompassed a case group comprising 7 individuals
for SP-A1 and 8 for SP-A2, while a control group
comprised 10 individuals for SP-A1 and 8 for SP-A2.
To achieve specific amplification, two rounds of PCR
were carried out. The first round of PCR resulted in
the amplification of complete SP-A1 and SP-A2
genes, followed by dilution to 1:50 and 2™ round of
nested PCR of smaller fragments of the genes. This
extensive analysis scrutinized seven SNPs (4 exonic
and 3 intronic) and revealed that SNPs in SP-Al
C1416T (Intronic) and A1660G (redundant) while SP-
A2 C1382G and Ala91Pro (non-redundant) are
associated with PTB susceptibility.”

Conclusion

Depending upon the different research studies in
different populations, it is concluded that TB is a
genetically primed infectious disease, and genetic
polymorphisms are the main reasons that lead to the
progression of MTB infection from a latent state toan
active disease. It is still unpredictable why 5-10% of
infected individuals progress towards active TB and
what factors are involved in its progression. Future
studies on the immunological mechanisms and
genetic susceptibility of TB are of paramount
importance because they will help to clarify the
pathogenesis of MTB, detect susceptible
populations, explore anti-tuberculosis methods, and
lead to the development of vaccines against TB.

In conclusion, this review emphasizes the important
role of the SP-A gene and its variations in influencing
how the body responds to TB and latent TB infection
(LTBI). Among the different genetic changes studied,
the variation rs1059047 was found to be the most
common and has a significant impact on how the SP-
A gene functions. This makes it a key candidate for
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further research, especially in the context of TB and
LTBI in the Pakistani population. Understanding how
these genetic factors affect the body's defense
against TB could lead to better strategies for
preventing and treating the disease.
Acknowledgement: We acknowledge the resources
provided by the National University of Medical
Sciences.

Conflict of Interest: The authors declare no conflict
of interest

Grant Support and Financial Disclosure: None

REFERENCES

1.

10.

Cudahy P, Shenoi SV. Diagnostics for pulmonary
tuberculosis. Postgraduate medical journal. 2016; 92: 187-
93.doi: 10.1136/postgradmedj-2015-133278

Gordon SV, Parish T. Microbe Profile: Mycobacterium
tuberculosis: Humanity's deadly microbial foe.
Microbiology. 2018; 164:437-9. doi: 10.1099/mic.0.000601
World Health Organization. Global tuberculosis report
2019. Geneva SWHO. Avaialbe at: https://www.who.int/
publications/i/item/global-tuberculosis-report-2019
Javaid A, Ullah I, Ali M, Basit A, Ahmad W, Younis F, et al.
Smear Positive Pulmonary Tuberculosis (TB) Patients
Suspected to Have Drug Resistant TB in Programmatic
Management of Drug Resistant TB Unit in Khyber
Pakhtunkhwa, Pakistan. Jundishapur Journal of
Microbiology. 2017; 10: €14492. doi: 10.5812/jjm.14492
Dutta NK, Karakousis PC. Latent tuberculosis infection:
myths, models, and molecular mechanisms. Microbiology
Molecular Biology Reviews. 2014; 78: 343-71. doi:
10.1128/MMBR.00010-14

Githinji LN, Gray DM, Zar HJ. Lung function in HIV-infected
children and adolescents. Pneumonia. 2018; 10: 6. doi:
10.1186/s41479-018-0050-9

Santos NCdS, Scodro RBdL, Leal DC, do Prado SM, Micheletti
DF, Sampiron EG, et al. Determination of minimum
bactericidal concentration, in single or combination drugs,
against Mycobacterium tuberculosis. Future Microbiology.
2020;15:107-14.d0i:10.2217/fmb-2019-0050
MacPherson P, Lebina L, Motsomi K, Bosch Z, Milovanovic
M, Ratsela A, et al. Prevalence and risk factors for latent
tuberculosis infection among household contacts of index
cases in two South African provinces: Analysis of baseline
data from a cluster-randomised trial. PLoS One. 2020; 15:
€0230376.doi: 10.1371/journal.pone.0230376

Nigsch A, Glawischnig W, Bagd Z, Greber N. Mycobacterium
caprae infection of red deer in Western Austria—optimized
use of pathology data to infer infection dynamics. Frontiers
in veterinary science. 2019; 5: 350. doi: 10.3389/fvets.
2018.00350

Aravindan P. Host genetics and tuberculosis: Theory of
genetic polymorphism and tuberculosis. Lung India: Official
Organ of Indian Chest Society. 2019; 36: 244-52. doi:
10.4103/lungindia.lungindia_146_15

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

SP-A Gene SNPs and Susceptibility to Tuberculosis

DeviP,Khan A, Chattopadhyay P, Mehta P, SahniS, Sharmas,
et al. Co-infections as Modulators of Disease Outcome:
Minor Players or Major Players? Frontiers in microbiology.
2021;12:664386.doi: 10.3389/fmicb.2021.664386
Carreto-Binaghi LE, Aliouat EM, Taylor ML. Surfactant
proteins, SP-A and SP-D, in respiratory fungal infections:
their role in the inflammatory response. Respiratory
research.2016; 17:66.doi: 10.1186/s12931-016-0385-9
Png E, Alisjahbana B, Sahiratmadja E, Marzuki S, Nelwan R,
Balabanova Y, et al. A genome wide association study of
pulmonary tuberculosis susceptibility in Indonesians. BMC
medical genetics. 2012; 13: 5. doi: 10.1186/1471-2350-13-
5

Moller M, Hoal EG. Current findings, challenges and novel
approaches in human genetic susceptibility to tuberculosis.
Tuberculosis. 2010; 90: 71-83. doi: 10.3389/fmicb.
2011.00002

Sasindran SJ, Torrelles JB. Mycobacterium tuberculosis
infection and inflammation: what is beneficial for the host
and for the bacterium? Frontiers in microbiology. 2011; 2: 2.
doi: 10.3389/fmicb.2011.00002

Zhang X, Jiang F, Wei L, Li F, Liu J, Wang C, et al. Polymorphic
allele of human MRC1 confer protection against
tuberculosis in a Chinese population. International journal
of biological sciences. 2012; 8: 375-82. doi: 10.7150/ijbs.
4047

Alter A, de Léséleuc L, Van Thuc N, Thai VH, Huong NT, Ba
NN, et al. Genetic and functional analysis of common MRC1
exon 7 polymorphisms in leprosy susceptibility. Human
genetics. 2010; 127: 337-48. doi: 10.1007/s00439-009-
0775-x

Medapati RV, Suvvari S, Godi S, Gangisetti . NRAMP1 and
VDR gene polymorphisms in susceptibility to pulmonary
tuberculosis among Andhra Pradesh population in India: a
case—control study. BMC pulmonary medicine. 2017; 17:
89.d0i:10.1186/512890-017-0431-5

Vannberg FO, Chapman SJ, Khor CC, Tosh K, Floyd S,
Jackson-Sillah D, et al. CD209 genetic polymorphism and
tuberculosis disease. PloS one. 2008; 3: e1388. doi:
10.1371/journal.pone.0001388

Selvaraj P, Alagarasu K, Swaminathan S, Harishankar M,
Narendran G. CD209 gene polymorphisms in South Indian
HIV and HIV-TB patients. Infection, Genetics, Evolution.
2009;9: 256-62. doi: 10.1016/j.meegid.2008.12.003

Velez DR, Wejse C, Stryjewski ME, Abbate E, Hulme WF,
Myers JL, et al. Variants in toll-like receptors 2 and 9
influence susceptibility to pulmonary tuberculosis in
Caucasians, African-Americans, and West Africans. Human
genetics. 2010; 127: 65-73. doi: 10.1007/s00439-009-0741-
7

Dalgic N, Tekin D, Kayaalti Z, Cakir E, Soylemezoglu T, Sancar
M. Relationship between toll-like receptor 8 gene
polymorphisms and pediatric pulmonary tuberculosis.
Disease markers. 2011; 31: 33-8. doi: 10.3233/DMA-2011-
0800

Moller M, Nebel A, Kwiatkowski R, van Helden PD, Hoal EG,
Schreiber S. Host susceptibility to tuberculosis: CARD15
polymorphisms in a South African population. Molecular
cellular probes. 2007; 21: 148-51. doi: 10.1016/j.mcp.
2006.10.001

300



Life & Science 2025 Vol. 6, No. 2

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

301

Goyal S, Klassert TE, Slevogt H. C-type lectin receptors in
tuberculosis: what we know. Medical microbiology
immunology. 2016; 205: 513-35. doi: 10.1007/s00430-016-
0470-1

Hsieh MH, Ou CY, Hsieh WY, Kao HF, Lee SW, Wang JY, et al.
Functional analysis of genetic variations in surfactant
protein D in mycobacterial infection and their association
with tuberculosis. Frontiers in Immunology. 2018; 9: 1543.
doi: 10.3389/fimmu.2018.01543

Goyal S. The Role of Single Nucleotide Polymorphisms in C-
Type Lectin Receptors and the Signaling Molecules in their
Pathways in Susceptibility towards developing Pulmonary
Tuberculosis in an Indian Population. 2018. doi:
10.17169/refubium-1078. Avaialbe at: https://core.ac.uk/
download/pdf/199425965.pdf

Aguillén Gutiérrez JC, Cruzat A, Aravena O, Salazar L, Llanos
C, Cuchacovich Turteltaub M. Could single-nucleotide
polymorphisms (SNPs) affecting the tumour necrosis factor
promoter be considered as part of rheumatoid arthritis
evolution? Immunobiology. 2006; 211: 75-84. doi:
10.1016/j.imbio.2005.09.005

Modller M, Flachsbart F, Till A, Thye T, Horstmann RD, Meyer
CG, et al. A functional haplotype in the 3’ untranslated
region of TNFRSF1B is associated with tuberculosis in two
African populations. American journal of respiratory critical
care medicine. 2010; 181: 388-93. doi: 10.1164/rccm.
200905-06780C

Mosaad Y, Soliman O, Tawhid Z, Sherif D. Interferon-
gamma+ 874 T/A and interleukin-10-1082 A/G single
nucleotide polymorphism in Egyptian children with
tuberculosis. Scandinavian journal of immunology. 2010;
72:358-64.doi: 10.1111/j.1365-3083.2010.02426.x
Trajkov D, Trajchevska M, Arsov T, Petlichkovski A, Strezova
A, Efinska-Mladenovska O, et al. Association of 22 cytokine
gene polymorphisms with tuberculosis in Macedonians.
Indian Journal of Tuberculosis. 2009; 56:117-31.

Baker AR, Zalwango S, Malone LL, Igo Jr RP, Qiu F, Nsereko
M, et al. Genetic susceptibility to tuberculosis associated
with cathepsin Z haplotype in a Ugandan household contact
study. Human immunology. 2011; 72: 426-30. doi:
10.1016/j.humimm.2011.02.016

Stein CM, Zalwango S, Malone LL, Won S, Mayanja-Kizza H,
Mugerwa RD, et al. Genome scan of M. tuberculosis
infection and disease in Ugandans. PloS one. 2008; 3:
e4094. doi: 10.1371/journal.pone.0004094

Rajaram MV, Brooks MN, Morris JD, Torrelles JB, Azad AK,
Schlesinger LS. Mycobacterium tuberculosis activates
human macrophage peroxisome proliferator-activated
receptor y linking mannose receptor recognition to
regulation of immune responses. The Journal of
Immunology. 2010; 185: 929-42. doi: 10.4049/jimmunol.
1000866

Stein CM, Zalwango S, Chiunda AB, Millard C, Leontiev DV,
Horvath AL, et al. Linkage and association analysis of
candidate genes for TB and TNFa cytokine expression:
evidence for association with IFNGR1, IL-10, and TNF
receptor 1 genes. Human genetics. 2007; 121: 663-73. doi:
10.1007/s00439-007-0357-8

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

SP-A Gene SNPs and Susceptibility to Tuberculosis

Freidin M, Rudko A, Kolokolova O, Strelis A, Puzyrev V.
Association between the 1188 A/C polymorphism in the
human IL12B gene and Th1l-mediated infectious diseases.
International Journal of Immunogenetics. 2006; 33: 231-2.
doi:10.1111/j.1744-313X.2006.00591.x

Morahan G, Kaur G, Singh M, Rapthap CC, Kumar N, Katoch
K, et al. Association of variants in the IL12B gene with
leprosy and tuberculosis. Tissue Antigens. 2007:69: 234-6.
doi:10.1111/j.1399-0039.2006.773_3.x

Thye T, Nejentsev S, Intemann CD, Browne EN, Chinbuah
MA, Gyapong J, et al. MCP-1 promoter variant- 362C
associated with protection from pulmonary tuberculosis in
Ghana, West Africa. Human Molecular Genetics. 2009; 18:
381-8.doi: 10.1093/hmg/ddn352

Ben-Selma W, Harizi H, Bougmiza |, Kahla IB, Letaief M,
Boukadida J. Polymorphisms in the RANTES gene increase
susceptibility to active tuberculosis in Tunisia. DNA cell
biology. 2011; 30: 789-800. doi: 10.1089/dna.2010.1200
Sanchez-Castafién M, Baquero |, Sdnchez-Velasco P, Farinas
M, Ausin F, Leyva-Cobian F, et al. Polymorphisms in CCL5
promoter are associated with pulmonary tuberculosis in
northern Spain. The International journal of tuberculosis.
2009; 13:480-5.

Zhu XW, Friedland JS. Multinucleate giant cells and the
control of chemokine secretion in response to
Mycobacterium tuberculosis. Clinical immunology. 2006;
120:10-20. doi: 10.1016/j.clim.2006.01.009

Li X, Yang Y, Zhou F, Zhang Y, Lu H, Jin Q, et al. SLC11A1
(NRAMP1) polymorphisms and tuberculosis susceptibility:
updated systematic review and meta-analysis. PloS one.
2011;6:e15831.doi: 10.1371/journal.pone.0015831
Christmann U, Buechner-Maxwell V, Witonsky S, Hite R.
Role of lung surfactant in respiratory disease: current
knowledge in large animal medicine. Journal of veterinary
internal medicine. 2009; 23: 227-42. doi: 10.1111/j.1939-
1676.2008.0269.x

Han S, Mallampalli RK. The Role of Surfactant in Lung
Disease and Host Defense against Pulmonary Infections.
Annals of the American Thoracic Society. 2015; 12: 765-74.
doi: 10.1513/AnnalsATS.201411-507FR

Veldhuizen EJ, Haagsman HP. Role of pulmonary surfactant
components in surface film formation and dynamics.
Biochimica et biophysica acta. 2000; 1467: 255-70. doi:
10.1016/s0005-2736(00)00256-x

Pastva AM, Wright JR, Williams KL. Immunomodulatory
roles of surfactant proteins A and D: implications in lung
disease. Proceedings of the American Thoracic Society.
2007;4:252-7.doi: 10.1513/pats.200701-018AW

Watson A, Phipps MJ, Clark HW, Skylaris CK, Madsen J.
Surfactant proteins A and D: trimerized innate immunity
proteins with an affinity for viral fusion proteins. Journal of
innate immunity. 2018; 11: 13-28. doi: 10.1159/000492974
Bourbon JR, Chailley-Heu B. Surfactant proteins in the
digestive tract, mesentery, and other organs: evolutionary
significance. Comparative Biochemistry Physiology Part A:
Molecular Integrative Physiology. 2001; 129: 151-61. doi:
10.1016/s1095-6433(01)00312-9

Watson A, Madsen J, Clark HW. SP-A and SP-D: dual
functioning immune molecules with antiviral and



Life & Science 2025 Vol. 6, No. 2

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

immunomodulatory properties. Frontiers in Immunology.
2021;11:622598. doi: 10.3389/fimmu.2020.622598

Chang HY, Li F, Li FS, Zheng CZ, Lei YZ, Wang J. Genetic
polymorphisms of SP-A, SP-B, and SP-D and risk of
respiratory distress syndrome in preterm neonates.
Medical Science Monitor: International Medical Journal of
Experimental and Clinical Research. 2016; 22: 5091. doi:
10.12659/msm.898553

Horimasu Y, Hattori N, Ishikawa N, Tanaka S, Bonella F,
Ohshimo S, et al. Differences in serum SP-D levels between
German and Japanese subjects are associated with SFTPD
gene polymorphisms. BMC Medical Genetics. 2014; 15: 4.
doi:10.1186/1471-2350-15-4

Aramini B, Kim C, Diangelo S, Petersen E, Lederer D, Shah L,
et al. Donor Surfactant Protein D (SP-D) Polymorphisms Are
Associated With Lung Transplant Outcome. American
Journal of Transplantation. 2013; 13: 2130-6. doi:
10.1111/ajt.12326

Fisher AB, Dodia C, Ruckert P, Tao JQ, Bates SR. Pathway to
lamellar bodies for surfactant protein A. American journal
of physiology Lung cellular and molecular physiology. 2010;
299:151-8.doi: 10.1152/ajplung.00066.2010

Yang HY, Li H, Wang YG, Xu CY, Zhao YL, Ma XG, et al.
Correlation analysis between single nucleotide
polymorphisms of pulmonary surfactant protein A gene
and pulmonary tuberculosis in the Han population in China.
International journal of infectious diseases. 2014; 26: 31-6.
doi: 10.1016/j.ijid.2014.03.1395

Coya JM, Akinbi HT, Sdenz A, Yang L, Weaver TE, Casals C.
Natural Anti-Infective Pulmonary Proteins: In Vivo
Cooperative Action of Surfactant Protein SP-A and the Lung
Antimicrobial Peptide SP-BN. Journal ofimmunology. 2015;
195:1628-36. doi: 10.4049/jimmunol.1500778

Behar SM, Divangahi M, Remold HG. Evasion of innate
immunity by Mycobacterium tuberculosis: is death an exit
strategy? Nature reviews Microbiology. 2010; 8: 668-74.
doi: 10.1038/nrmicro2387

Hickman-Davis JM, Fang FC, Nathan C, Shepherd VL, Voelker
DR, Wright JR. Lung surfactant and reactive oxygen-
nitrogen species: antimicrobial activity and host-pathogen
interactions. American journal of physiology Lung cellular
and molecular physiology. 2001; 281: L517-23. doi:
10.1152/ajplung.2001.281.3.L517

Ferguson JS, Voelker DR, McCormack FX, Schlesinger LS.
Surfactant protein D binds to Mycobacterium tuberculosis
Bacilli and Lipoarabinomannan via carbohydrate-lectin
interactions resulting in reduced phagocytosis of the
bacteria by macrophages. The Journal of immunology.
1999; 163:312-21. doi: 10.4049/jimmunol.163.1.312
McCormack FX, Whitsett JA. The pulmonary collectins, SP-A
and SP-D, orchestrate innate immunity in the lung. The
Journal of clinical investigation. 2002; 109: 707-12. doi:
10.1172/1C115293

Gaynor CD, Mccormack FX, Voelker DR, Mcgowan SE,
Schlesinger LS. Pulmonary surfactant protein A mediates
enhanced phagocytosis of Mycobacterium tuberculosis by
a direct interaction with human macrophages. Journal of
immunology. 1995; 155: 5343-51. doi: 10.4049/jimmunol.
155.11.5343

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

SP-A Gene SNPs and Susceptibility to Tuberculosis

Henning LN, Azad AK, Parsa KV, Crowther JE, Tridandapani S,
Schlesinger LS. Pulmonary surfactant protein A regulates
TLR expression and activity in human macrophages. Journal
of immunology. 2008; 180: 7847-58. doi: 10.4049/
jimmunol.180.12.7847

Sever-Chroneos Z, Tvinnereim A, Hunter RL, Chroneos ZC.
Prolonged survival of scavenger receptor class A-deficient
mice from pulmonary Mycobacterium tuberculosis
infection. Tuberculosis. 2011; 91: S69-74. doi: 10.1016/j.
tube.2011.10.014

Samten B, Townsend JC, Sever-Chroneos Z, Pasquinelli V,
Barnes PF, Chroneos ZC. An antibody against the surfactant
protein A (SP-A)-binding domain of the SP-A receptor
inhibits T cell-mediated immune responses to
Mycobacterium tuberculosis. Journal of leukocyte biology.
2008;84:115-23.d0i: 10.1189/jlb.1207835

Sorensen GL. Surfactant protein D in respiratory and non-
respiratory diseases. Frontiers in medicine. 2018; 5: 18. doi:
10.3389/fmed.2018.00018

Yin X, Wang B, Yan Z, Hu L, Zhang X. Association between SP-
Ars1965708 gene polymorphism and allergic rhinitis risk in
Chinese population. Journal of clinical laboratory analysis.
2021;35:e23828.doi: 10.1002/jcla.23828

Hallman M, Haataja R. Surfactant protein polymorphisms
and neonatal lung disease. Seminars in perinatology. 2006;
30:350-61. doi: 10.1053/j.semperi.2006.09.002

Liu J, Hu F, Liang W, Wang G, Singhal PC, Ding G.
Polymorphisms in the surfactant protein a gene are
associated with the susceptibility to recurrent urinary tract
infection in chinese women. The Tohoku journal of
experimental medicine. 2010; 221: 35-42. doi:
10.1620/tjem.221.35

Lin Z, Thorenoor N, Wu R, DiAngelo SL, Ye M, Thomas NJ, et
al. Genetic Association of Pulmonary Surfactant Protein
Genes, SFTPA1, SFTPA2, SFTPB, SFTPC, and SFTPD With
Cystic Fibrosis. Frontiers in Immunology. 2018; 9: 2256. doi:
10.3389/fimmu.2018.02256

Saxena S, Kumar R, Madan T, Gupta V, Muralidhar K, Sarma
PU. Association of polymorphisms in pulmonary surfactant
protein A1l and A2 genes with high-altitude pulmonary
edema. Chest. 2005; 128: 1611-9. doi: 10.1378/chest.
128.3.1611

Jack DL, Cole J, Naylor SC, Borrow R, Kaczmarski EB, Klein NJ,
et al. Genetic Polymorphism of the Binding Domain of
Surfactant Protein—A2 Increases Susceptibility to
Meningococcal Disease. Clinical Infectious Diseases. 2006;
43:1426-33.doi: 10.1086/508775

Pantelidis P, Veeraraghavan S, du Bois RM. Surfactant gene
polymorphisms and interstitial lung diseases. Respiratory
research.2002; 3: 14. doi: 10.1186/rr163

Li J, Qi H, Sun L, Shen C, Jiao W, Xu F, et al. Rs1914663 of
SFTPA 1 gene is associated with pediatric tuberculosis in
Han Chinese population. Infection, genetics and evolution:
journal of molecular epidemiology and evolutionary
genetics in infectious diseases. 2016; 41: 16-20. doi:
10.1016/j.meegid.2016.03.018

Malik S, Greenwood CM, Eguale T, Kifle A, Beyene J, Habte
A, et al. Variants of the SFTPA1 and SFTPA2 genes and
susceptibility to tuberculosis in Ethiopia. Human genetics.
2006;118:752-9.doi: 10.1007/s00439-005-0092-y

302



Life & Science 2025 Vol. 6, No. 2 SP-A Gene SNPs and Susceptibility to Tuberculosis

73. Yang HY, Li H, Wang YG, Xu CY, Zhao YL, Ma XG, et al. 74. Madan T, Saxena S, Murthy KJ, Muralidhar K, Sarma PU.
Correlation analysis between single nucleotide Association of polymorphisms in the collagen region of
polymorphisms of pulmonary surfactant protein A gene human SP-A1and SP-A2 genes with pulmonary tuberculosis
and pulmonary tuberculosis in the Han population in China. in Indian population. Clinical chemistry and laboratory
International Journal of Infectious Diseases. 2014; 26: 31-6. medicine. 2002; 40: 1002-8.doi: 10.1515/CCLM.2002.174

doi: 10.1016/j.ijid.2014.03.1395

Author Contributions
US: Manuscript writing for methodology design and investigation, data acquisition, curation, and
statistical analysis,
EBT: Validation of data, interpretation, and write-up of results
FD: Revising, editing, and supervising for intellectual content
SY: Conception and design of the work

303




	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155

