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Abstract

The TB infection is still among the top 10 causes of a death and the major health problem in both industrialized and
developing countries and it remains a leading infectious cause of death it is associated with historical factors including
poverty and presently runs together with epidemics of human immunodeficiency virus. The present study aim to clarify
the genetic polymorphisms in IFN-ɣ +874 T/A SNP in intronic region of gene (intron 1), also in exonic region (exon 7) of
IFN-ɣR1 +189 T/G SNP because the two SNPs may be risk factors to infection with pulmonary tuberculosis. A total of
65 blood specimens were collected in AL-kut consultant clinic for chest and respiratory diseases from newly diagnosed
patients with Pulmonary tuberculosis, the blood collected at the beginning or through ten days of treatment was started.
All patients were negative for HIV, hepatitis B, C, diabetes mellitus and not received prior immunosuppressive therapy.
The polymorphism in IFN-ɣ (+874T/A) gene was typed by using amplification refractory mutation systempolymerase
chain reaction method (ARMS-PCR). While the polymorphism between IFNɣR1 (+189 T/G) gene was typed by using the
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method and ELISA was achieved to
evaluate IFN-ɣ concentrations. The results showed that the homozygous A allele in (IFN-ɣ +874) are more frequency
among the patients with pulmonary tuberculosis 23 (35.4%) compared with healthy control subjects 8(12.3%) and
was statistically significant (p value 0.002), and increased risk (3.9-folds) of developing tuberculosis than the other two
genotypes (AT and TT). The results also showed that the genotype TT in (IFN-ɣR1+189) was more common among the
patients with pulmonary tuberculosis 39 (60.0%) when compared with healthy control subjects 21(32.3%) and was
statistically significant (p value 0.002) and had a 3.1-folds increased risk of developing tuberculosis than the other
genotype (TG). The homozygous (GG) rate was not significantly different (p value 0.403) between patients and controls
groups and was rare in frequencies in controls and patients groups. The study showed a significant association between
genotype for patients and median of IFN-ɣ production. The patients with homozygous (AA) in position +874 of gene
IFN-ɣ recorded lowest median IFN-ɣ (17.8 pg/ml) when compared with patients carrying one or two copies of allele T
(32.2pg/ml) and (65.8 pg/ml) for AT and TT respectively and the Median of IFN-ɣ serum level of control individuals was
(12.1 pg/ml). The statistical analysis showed that there was no significant difference (p>0.837) in IFN-ɣ production to
genotypes of IFN-ɣR1 gene, and the PTB individuals with GG genotype were highest median serum IFN-ɣ.
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Introduction
Tuberculosis (TB) is an ancient and devastating
plague caused by infection with the bacterial pathogen
Mycobacterium tuberculosis. Modern lineages of M.
tuberculosis have afflicted humans for tens of thousands of
years [1], and although M. tuberculosis was first identified
as the cause of TB in 24-3-1882 by Robert Koch [2].
Tuberculosis, still represents a major public health problem
Copyright ©All rights are reserved by Hider Awad*

worldwide and results in approximately 10.4 million new
cases of TB and about 1.4 million HIV negative death in
2015 and more than two billion people (one third of world
population) were estimated to be infected with tuberculosis
[3] but only 5-10% of the infected individuals developed
active TB [4].
The TB infection is still among the top 10 causes
of a death [5] and the major health problem in both
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industrialized and developing countries and it remains
a leading infectious cause of death [6,7], it is associated
with historical factors including poverty and presently runs
together with epidemics of human immunodeficiency virus
[8]. Mycobacterium tuberculosis causes both pulmonary
(PTB) and extra pulmonary tuberculosis (EPTB) and PTB is
the most common disease that spread through the air from
patients with active PTB. Therefore, it is important for rapid
diagnosis of Mycobacterium tuberculosis from pulmonary
specimens to prevent spread of the disease [9].
The progression to active TB is the result of the
environmental, host genetic factors and pathogenic
characteristics of the mycobacterium tuberculosis strain
[10]. Genetic studies have revealed that higher TB rates in
monozygotic twins than in dizygotic twins or siblings, and
racial differences in TB resistance [11,12]. Several studies
demonstrated that susceptibility to TB might be determined
by inherited host factors, such as polymorphisms in key
genes that influence the outcome of the mycobacteria host
interactions [13-15].
The host factors, which play a major role in determining
risk for active TB. among them, interferon gamma and
its receptor (IFN-ɣR) are key components of innate and
adaptive immunity and have been involved in a wide range
of infectious and inflammatory disease processes. The IFN-ɣ
gene has critical beneficial effects on intracellular microbes
killing and potentially deleterious consequences [16]. The
interferon gamma signaling is mediated through the ligand
binding (IFN-ɣR1) and control of IFN-ɣR1 expression level is
one of the mechanisms by which cells modulate the potency
of IFN-ɣ signaling [17].
Individuals defective in the IFN-ɣ gene have been shown
to be prone for M. tuberculosis infections [18]. Also defects
in IFN-ɣR1 have been reported as a cause of Mendelian
susceptibility to mycobacterial disease, which known as
familial disseminated atypical mycobacterial infection
[19]. The defects in IFN-ɣR1 are associated with impaired
cellular responses to IFN-ɣ [20]. Unraveling the mechanisms
underlying the genetic variations that influence the immune
response to tuberculosis may lead to better understanding
tuberculosis pathogenesis and the development of effective
treatment and vaccines [21].
Iraq is considered among seven high TB burden countries
in Eastern Mediterranean Region and the incidence of TB
was 45 per 100. 000 populations per year [22]. In Iraq there
are little studies about IFN-ɣR. Recently study about the
promoters of IFN-ɣR1 and IFN-ɣ of patients with TB, which
determined the single nucleotide polymorphisms in IFN-ɣ

promoter and the difference in microsatellites that found
in IFN-ɣR1 promoter may lead to lessening IFN-ɣ level in
serum [23].
Aim of study
The aim of this study is to determine the type of
association of genetic risk factors (IFN-ɣ +874T/A, IFN-ɣR1
+189 T/G single nucleotide polymorphism) to pulmonary
tuberculosis infection in the Iraqi population. The association
between PTB infection and the following polymorphisms
were investigated by:
1- Determining the IFN-ɣ +874 T/A SNP by using
(ARMS-PCR).
2- Determining the IFN-ɣR1 +189 T/G SNP by using
(PCR-RFLP).
3- Measuring the level of IFN-ɣ in patients and control
serum by using ELISA.
Review of Literature
History of tuberculosis
Tuberculosis is an ancient scourge. It has plagued
humankind throughout known history and human
prehistory, and M. tuberculosis may have killed more persons
than any other microbial pathogen, its primary causative
agent of TB in humans is a member of the Mycobacterium
tuberculosis complex (MTBC) which also include TB causing
pathogens such as M. bovis, M. africanum , M. canetti and
M. microti [24]. Modern techniques of molecular genetics
and the sequencing of the genome of several strains of M.
tuberculosis allow a more rigorous estimation of the time of
origin of Mycobacteria. This estimation is facilitated by the
low mutation rate of M. tuberculosis [25].
Early progenitor of M. tuberculosis had presented in
East Africa as early as 3 million years ago, and they suggest
that it may have infected early hominids at that time [26].
However, tuberculosis in Egypt was documented more than
5000 years ago are clearly depicted in early Egyptian art
and MTBC DNA has been isolated from Egyptian mummies
[27]. Tuberculosis was well known in Greece literature
around 460 BC. where it was called phthisis, Hippocrates
clearly described tuberculosis and understood its clinical
presentation and was the most common cause of illness in
that time and was nearly always fatal. Although Aristotle
believed that the disease might be contagious, many of his
companions believed it to be hereditary [28].
The history of tuberculosis was changed dramatically
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on March 24, 1882, when Robert Koch demonstrated of
the tubercle bacillus [29]. In 1921, Albert Calmette and his
associate Camille Guerin, they set out to develop a vaccine
against tuberculosis by attenuate M. bovis for use as a
vaccine [29]. In 1944, Selman Waksman, Albert Schatz and
Elizabeth Bugie reported the streptomycin, the first antibiotic
and first bactericidal agent effective against M. tuberculosis
[28]. In 1952 Isoniazid the first oral mycobactericidal drug
and rifampcins in 1957.
Mycobacterium tuberculosis
Mycobacterium tuberculosis (MTB) belongs to the
genus of the Mycobacterium that includes more than
200 Mycobacterium species, including many that are
saprophytes. Mycobacterium tuberculosis is an obligate
pathogenic, which be causative agent of most cases of
tuberculosis [30]. Mycobacterial cell wall, in principal,
consists of an inner layer and an outer layer that surround
the plasma membrane [31]. The outer compartment consists
of both lipids and proteins [32]. The inner compartment
consists of peptidoglycan (PG), arabinogalactan (AG), and
mycolic acid (MA) covalently linked together to form a
complex known as MA-AG- PG complex that extends from
the plasma membrane outward in layers, starting with PG
and ending with MAs.
The peptidoglycan layer is present in virtually all bacteria
and is essential for its survival and growth. This layer is highly
cross-linked glycan meshwork that is assembled outside the
plasma membrane, and that gives shape and turgidity to the
cell but otherwise is not dynamic [33]. The waxy coating on
cell surface of Mycobacterium tuberculosis (mycolic acid)
makes the cells impervious to Gram staining the acid-fast
stain or, Lowenstein-Jensen Agar, is used instead [34]. The
mycolic acid structure confers the ability to resist destaining
by acid alcohol after being stained by carbolfuchsin dye
leading to the term acid fast bacillus (AFB). However,
microscopic detection of mycobacteria does not distinguish
M. tuberculosis from non-tuberculosis mycobacteria [35].
The generation time of M. tuberculosis 15-20 hours,
is extremely slow compared with other bacteria, tend to
have generation times measured in minutes as Escherichia
coli can divide every 20 minutes [36]. Mycobacterium
tuberculosis can resist weak disinfectants and can survive
in a dry state for weeks. Its unusual cell wall, rich with lipids
(e.g., mycolic acid), is likely responsible for this resistance
and is a key virulence factor [37]. The physiology of M.
tuberculosis is highly aerobic and requires high levels of
oxygen and their reproduction is enhanced by the presence
of 5-10% CO2. Each type of Mycobacterium contains several

proteins bound to a wax fraction that induce the formation
of a variety of antibodies and elicit the tuberculin reaction
[38].
Taxonomy of Mycobacterium
The mycobacteria belongs to the phylum actinobacteria,
the order actinomycetales, sub-order Corynebacterinae,
family Mycobacteriaceae and the genus mycobacteria.
The different species of the Mycobacterium tuberculosis
complex show close relatedness (95-100%) has been
established by DNA-DNA hybridization and multiple-locus
enzyme electrophoresis and Sequencing of 16s ribosomal
RNA and housekeeping genes. so some scientists suggest
that they should be grouped as a single species while
others suggest that they should be grouped as varieties
or subspecies of M. tuberculosis [39]. The SNPs, which
are phylogenetically informative and useful for population
genetic analyses, furthermore, repeatitive DNA sequences
such as a variable number and location of the insertion
sequence (IS)6110 [40].
Mycobacterium tuberculosis has circular chromosomes
of about 4,200,000 nucleotides long and the G+C content
is about 65% [41]. The genome contains about 4000 genes.
genes that code for lipid metabolism are a very important
part of the bacterial genome, and 8% of the genome is
involved in this activity [42].
Tuberculosis epidemiology
Tuberculosis (TB) is one of the major public health
threats, competing with the human immunodeficiency
virus (HIV) as the cause of death due to infectious diseases
worldwide according to the World Health Organization
(WHO). Globally in 2015, there were an estimated 10.4
million incident cases of TB (range, 8.7 million to 12.2
million), equivalent to 142 cases per 100 000 population.
The most of the estimated number of cases in 2015
occurred in Asia (61%) and the African region (26%); smaller
proportions of cases occurred in the Eastern Mediterranean
region (7%), the European region (3%) and the region of the
Americas (3%) as shown in Figure 1.
Globally, the absolute number of TB deaths (excluding
TB deaths among HIV-positive people) and the TB incidence
rate have fallen since 2000 [43]. The number of TB deaths
fell from 1.8 million in 2000 to 1.4 million in 2015. So, TB is
one of the top 10 causes of death worldwide and caused
more deaths than HIV in 2015. Worldwide in 2015, there
were an estimated 62% of these cases were male, and 90%
of cases were adults. Six countries accounted for 60% of the
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Figure 1: Estimated TB incidence rates 2015 (WHO, 2016).

global total: India, Indonesia, China, Nigeria, Pakistan and
South Africa. An estimated 11% of incident TB cases in 2015
were HIV positive the proportion was highest in countries in
the African region, and exceeded 50% in parts of southern
Africa. In addition to the 1.4 million TB deaths among HIV
negative people, there were 0.4 million deaths from TB
among HIV-positive people.
The annual number of incident TB cases relative to
population size (the incidence rate) varied widely among
countries in 2015, from under 10 per 100 000 population
in most high-income countries to 150–300 in most of the
high TB burden countries and above 500 in a few countries
including (Lesotho, Mozambique and South Africa). Globally
in 2015 there were an estimated 480 000 new cases of
MDR-TB and an additional 100 000 people with rifampicinresistant, India, China and the Russian Federation accounted
for 45% of cases, and in the same year, there were 7579
new cases of XDR-TB reported from 74 countries.
Tuberculosis in Iraq
Iraq has a high burden of tuberculosis and globally
ranks 50 among countries with high TB burden and in the
Eastern Mediterranean Region the country is among 7 of the
countries with a high burden of TB. In 2011, the Ministry of
Health conducted a national study with a technical support
from WHO to estimate the burden of TB on Iraq the study
revealed the estimation that 43 in 100,000 of the population
were infected with TB annually representing 14,800 -15,300
Iraqi people being infected by TB each year While the

prevalence is 74/100000 and the mortality is 3/100000
of population. The Ministry of Health and the National TB
Control Program reported 8,803 TB cases in 2013, meaning
that 57% of total estimated TB cases are being detected and
treated. In 2015 the incidence of TB was 45/100000 and
the number of cases was (16000) Iraqi people infected. The
estimated multiple drug resistance - tuberculosis (MDRTB) cases among new pulmonary TB cases notified in 2010
were 210 new MDR-TB case. Other local study in Baghdad
showed 11% of patients with pulmonary tuberculosis had
multidrug resistance tuberculosis [44] and in 2015 the WHO
showed the MDR-TB in Iraq was 3.3 per 100000. Also, other
study showed some of patients (32%) were infected with
two or more strains (mixed infection) and others with single
lineage, and lineage 3 (East-African – Indian) was the most
frequent [45].
Reservoir
The M. tuberculosis complex generically called the
tubercle bacillus, the various etiologic agents of tuberculosis
(TB) have distinct hosts and reservoirs. M. tuberculosis,
and the regional variants M. africanum and M. canettii are
primarily pathogenic in humans. M. microti is limited to
voles and M. bovis is very broad, and this species causes
disease among a wide range of wild and domestic mammals
as well as in humans [46].
predisposing factors for tuberculosis
The risk factors, which increase susceptibility of
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acquiring MTB infection these include active and passive
smoking, severe malnutrition, overcrowding, close contact
with pulmonary tuberculosis patients, alcoholism, immune
deficiency from any cause mainly HIV-infection which
increases the risk of TB more than 20-folds ,diabetes
mellitus and immunosuppressive therapy, as well as some
other medical conditions (e.g. chronic renal failure, silicosis
which increase the risk 30-folds , gastrectomy, cancer,
chronic helminthes infection) [47]. Also genetic factors like
single nucleotide polymorphisms (SNPs) which present
in a subset of the population can change the function of
a gene completely or partially and resulting in increased
susceptibility to disease [48-50].
Virulence Factors
Mycobacterium tuberculosis does not possess the
classic bacterial virulence factors such as toxins, capsules
and fimbriae. However, a number of structural and
physiological properties of the bacterium are beginning to
be recognized for their contribution to bacterial virulence
and the pathology of tuberculosis [51]. Mycobacterium
tuberculosis is a facultative intracellular parasite, which
means that it can reproduce inside or outside of host cells.
the tubercle bacillus can bind directly to mannose receptors
on macrophages by cell wall associated mannosylated
glycolipd (LAM) or indirectly by certain complement
receptors or FC receptors [52].
Mycobacterium tuberculosis can grow intracellularly
this is an effective means of evading the immune system in
particular, antibodies and complement are ineffective. once
M. tuberculosis is phagocytosed, it can inhibit phagosomelysosome fusion or escape from the phagosome, in either
case finding a protected environment for growth in the
macrophage [52]. Also, the immune system may not
readily recognize the bacteria or may not be triggered
sufficiently to eliminate them Because of M. tuberculosis
slow generation time. High lipid concentration in cell wall
account impermeable so resist to antimicrobial agents,
resist to killing by acidic and alkaline compounds in both
the intracellular and extracellular environment and resist
to osmotic lysis via complement deposition and attack by
lysozyme [53].
Infection and immunity to M. tuberculosis
The respiratory route is the main route of infection.
When bacilli are inhaled as droplets from the atmosphere
with the infectious dose estimated at a single bacterium.
The innate immune response is initiated when MTB
in the alveolar space are recognized by alveolar and

interstitial macrophages, as well as local dendritic cells and,
subsequently, are engulfed [54]. The dendritic cells play
very important role in the early stages of infection because
they are much better antigen presenters than macrophages
[55].
Macrophages remain relatively permissive to
intracellular MTB. This is identified as a period of exponential
bacterial replication [56]. The activated macrophages
develop an enhanced ability to kill the organism and while
others which be unactivated may be killed by bacilli. The
infected macrophages release cytokines such as TNF-α and
chemokines that together initiate a local inflammatory
response. Dendritic cells which infected by M. tuberculosis
migrate to lung draining lymph node [57]. In lymph nodes
dendritic cells induce naïve CD4+ T cells into Th1 cells in
presence of cytokines such as IL-12 [58]. Naïve CD8+ T cells
also activated to cytotoxic T lymphocytes. dendritic cells are
migratory unlike differentiated macrophages so they play
important role in dissemination of M. tuberculosis [59].
The activated T cells secrete IFN-ɣ activates macrophages
to institute anti-mycobacterial killing mechanisms and upregulates the expression of chemokines. The chemokines
gradients monocytes/macrophages, neutrophil, effecter
CD4+, CD8+T cells and B lymphocytes to the site of infection
which aggregate with infected macrophages to form
granuloma. If the bacterial growth is not controlled, cellular
influx continues and the lesions become dominated by
neutrophils and a necrotizing pathology develops, causing
early death. Through the secretion of IFN-ɣ and TNFalpha bringing bacterial replication under control, but not
eradication. These pro-inflammatory cascades culminate
in the remodelling of the infection site into the granuloma.
The result is a chronic infection associated with slow or nonreplicating bacteria and potentially-progressive pathology
[60].
The granuloma, is hallmark of tuberculosis disease,
creates an immune microenvironment with low PH and
anoxia in which the infection can be controlled also provides a
niche in which the mycobacterium it can survive, modulating
the immune response to ensure its survival without damage
over long periods of time [61]. Mycobacterium tuberculosis
infection can spread to other parts of lung and may invade
an artery or other blood supply line. The hematogenous
spread of MTB may result in extrapulmonary tuberculosis
known as miliary tuberculosis.
Clinical manifestations of tuberculosis
The clinical manifestations of TB are variable but
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most of infections are asymptomatic. Primary pulmonary
tuberculosis infection occurs in childhood and generally
asymptomatic. A few patients develop a self-limiting
pyretic illness influenza like and clinical disease result
from a hypersensitivity reaction or from infection. Disease
in adults is frequently a result of post primary pulmonary
tuberculosis with sub-acute illness characterized by cough
and chest pain, weight loss, hemoptysis, fatigue and
dyspnea exudative pleural effusion associated with fever
and night sweating. Miliary tuberculosis is a severe infection
and indicate active disease that may start suddenly, but
often after 2-3 weeks when the symptoms of post primary
pulmonary TB are present. The chest X-ray characterized by
multiple fine disseminated lesions throughout the lung (12mm) that resembles millet seeds [62].

divided among three classes: IFN alpha, IFN beta, and IFN
gamma, Based on the cell origin: leuckocyte, fibroblast
and lymphocyte respectively. IFNs belonging to all three
classes are important for combat viral infections and for the
regulation of the immune system. They inhibit the growth
of viruses by blocking the translation of viral proteins.

The most common site of extrapulmonary disease is
the lymph nodes cervical glands more frequently affected
followed by axillary and inguinal [63]. Tuberculous
meningitis; Patients with tuberculous meningitis may
present with a headache that has been either intermittent
or persistent for 2-3 weeks subtle mental status changes
may progress to coma over a period of days to weeks. and
tuberculous skeletal TB, the most common site involvement
is the spine (Pott disease); symptoms include back pain or
stiffness, lower-extremity paralysis occurs in up to half of
patients.

Interferon type 2: (IFN-gamma) IFN-γ in humans this is
also known as immune interferon and is activated by IL-12.
are released by T helper cells (Th1) and binds to IFN-ɣR, and
has a different receptor than type 1 IFNs [67,68]. However,
they block the proliferation of T helper cells type two and
induction of Th1 immune response.

Tuberculous arthritis usually involves only one joint.
Although any joint may be involved [64,65]. Gastrointestinal
tuberculosis is characterized by abdominal pain and
diarrhea accompanied by more generalized symptoms of
fever and weight loss Intestinal obstruction or hemorrhage
may occur. can be caused by either M. tuberculosis when it
is swallowed after being coughed up from a lung lesion or by
M. bovis when it is ingested in unpasteurized milk products.
Genitourinary TB, the symptoms of genitourinary TB may
include flank pain, dysuria, and frequent urination [65].

All interferons share several common effects: they are
antiviral agents and they modulate functions of the immune
system but expression of type 1 and type 3 IFNs can be
induced in almost all cell types upon recognition of viral
components, especially nucleic acids, by cytoplasmic and
endosomal receptors, whereas type 2 interferon is induced
by cytokines such as IL-12, and its expression is limited
to immune cells such as Th1 cells and NK cells. Interferon
gamma is only Type 2 interferon and alters transcription
in up to 30 genes producing variety of physiological and
cellular responses. among the effects are:

Interferon-gamma
Interferons are a group of signaling proteins and belong
to the large class of proteins known as cytokines, made
and released by host cells in response to the presence of
several pathogens such as viruses, intracellular bacteria,
parasites and also tumor cells. They activate immune
cells, (natural killer cells and macrophages), they increase
recognition of infection or tumor cells by up-regulating
antigen presentation by increasing the expression of
major histocompatibility complex (MHC) antigens for
T lymphocytes and they increase ability of uninfected
host cells to resist infection by virus. They are classically

Based on the type of receptor through which they
signal, the human interferons have been classified into
three major types:
Interferon type 1: The type1 interferons present in
humans are (IFN-alpha, beta, epsilon, kappa, omega) [66].
However, released type 1 interferons will activate molecules,
which prevent the virus from producing and replicating its
RNA and DNA.

Interferon type 3: (IFN-lambda 1, 2, 3, 4). recent
information demonstrates the importance of Type 3 IFNs
that have pleiotropic roles in immunity, cancer biology,
autoimmunity and some viruses infections [69].

I. Increase antigen presentation and lysosome activity
of macrophages.
II. Promotes NK cell activity.
III. Activate inducible nitric oxide synthase iNOS.
IV. Induces the production of IgG2 and IgG3 from
activated plasma B cells.
V. Promote Th1 differentiation by upregulating the
transcription factor and leading to cellular immunity:
cytotoxic CD8+ T-cells and macrophage activity - while
suppressing Th2 differentiation.
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VI. Cause normal cells to increase expression of class I
MHC molecules as well as class II MHC on antigen-presenting
cells.
VII. Promote adhesion and binding required for
leukocyte migration.
Genetic aspect
Gamma-interferon gene is located on the long arm of
chromosome twelve. IFN-ɣ gene contains 4 exons, 3 introns
and encoded by single gene, whereas the IFN-α and IFN-β
are gene family and consists of twelve or more members
and their structures are similar and, in fact, are recognized
by the same receptor and do not contain introns and share
30-95% sequence homology. Both the IFN-α and IFN-β
genes have been localized to the short arm of chromosome
nine. In compare, IFN-ɣ is not homologous to the other IFNs
and mainly produced by activated T-cells and natural killer
(NK) cells [70].
A single nucleotide polymorphism located in the first
intron of human IFN- ɣ gene (+874 T⁄ A) can putatively
influence the secretion of cytokine with an effect on
infection outcome. It has presented associations with human
susceptibility to tuberculosis in some ethnic populations
but not in others [71].
Interferon gamma receptor
The human receptor of IFN-ɣ (IFN-ɣR) also known as
CD119 is a heterodimer of IFN-ɣR1 and IFN-ɣR2. The IFNɣR1 gene is located on the long arm of chromosome six
while IFN-ɣR2 gene is located on long arm of chromosome
twenty-one and each gene has seven exons [72]. Functional
IFN-ɣ receptors are composed of two 90 kDa IFN-ɣR1 (ligand
binding chain) proteins and two 62 kDa IFNGR2 (signal
transducing chain) proteins. Both IFN-ɣR1 and IFN-ɣR2
are expressed by dendritic and phagocytic cells [73]. The
extracellular portion of IFN-ɣR1 contains the ligand binding
domain and the intracellular portion possesses binding site
for Janus tyrosine kinase (JAK1). The JAK2 binding site is
located in an intracellular domain of IFNGR2, which serves
as a signal-transducing subunit [74].
When two IFN-ɣ proteins bind as a homodimer to
the two IFN-ɣR1 ligand binding chains that then dimerise
and become associated with two IFN-ɣR2 to form IFN-ɣR
complex and leads to activation of the JAK1 and JAK2 and
phosphorylation of a tyrosine residue on the intracellular
domain of IFN-ɣR1 as shown in (Figure 2) forming docking
sites for signal transducer and activator of transcription
1 (STAT1). one latent STAT1 recognizes and binds to each

Figure 2: IFN-gamma signals through IFN-ɣR1 and IFNGR2 to
activate Janus tyrosine
kinase / a signal transducer and activator of transcription and
alter gene expression (Thomas 2012).

tyrosine phosphorylated IFN-ɣR1 site then phosphorylate
of STAT1 and release into the cytosol as phosphorylated
STAT1 homodimers, forming gamma activating factors
(GAFs) which are translocated to the nucleus and GAFs bind
gamma activating sequences (GASs) to the promoter of
target genes [75].
After signaling, the ligand binding chains are
internalized, dissociated and recycled to the cell surface
[76]. Defects in IFN-ɣR1 or IFN-ɣR2, which result in a lack of
functional protein at the cell surface
have a very poor
prediction with the development of disseminated
infection in early childhood and progressively fatal disease
[77]. Another family member has identified individuals who
carry mutations and do not develop infection
with either mycobacteria [78,79]. Other IFN-ɣR1 and
IFN-ɣR2 mutations resulting in the expression of an abnormal
protein causing partial receptor deficiency are associated
with milder phenotypes and response to IFN-γ treatment
[80]. Few studies investigated the association between
IFNGR1 gene polymorphisms and risk of TB [81,82]. Single
nucleotide polymorphism at position +189 T/G relatively
increase the risk of pulmonary tuberculosis [83].
Diagnosis of Tuberculosis
Medical history
The medical history includes obtaining the symptoms
of pulmonary TB: productive, prolonged cough of three or
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more weeks, hemoptysis and chest pain. Systemic symptoms
include low grade remittent fever, chills, appetite loss,
weight loss, night sweats, easy fatigability, and production
of sputum that starts out mucoid but changes to purulent
[84]. Other parts of the medical history include prior TB
exposure, infection or disease and medical conditions that
increase risk for TB disease.
Chest X-ray
In active pulmonary TB, the chest x-ray are usually
the first diagnostic measures and most necessary tools
in diagnosing pulmonary diseases and is used to confirm
the suspicion of TB and be low sensitive, low specific and
dependent on reader experiment.
Immune-Based diagnostic
The tuberculin skin test (TST): The TST consists of
the injection of 0.1ml of purified protein derived from
the MTB bacteria. For someone who has pre-existing
cell-mediated immunity to these tuberculin antigens, a
delayed hypersensitivity reaction will occur within 48-72
hours, causing localized swelling. The tuberculin test has a
limited value in clinical work, especially in high prevalence
countries. A positive tuberculin test is infrequently followed
by disease and a negative tuberculin test does not exclude
active TB, moreover, a positive tuberculin test may be due
to infection with non-tuberculosis mycobacterium, M. bovis
or prior vaccination with the BCG vaccine. The tuberculin
test is, however, important in nonBCG vaccinated children
under 5 years of age where a positive test is more likely
to reflect recent infection with TB and much higher risk of
developing disease [85].
Interferon-Gamma Release Assay (IGRA): Measure
the IFN-ɣ response of peripheral blood lymphocytes in
response to MTB-specific antigens. These assays operate
on the basis that T-cells previously sensitized to TB antigens
produce high levels of IFN-ɣ when re-exposed to the same
mycobacterial antigens. However, both the TST and the
IGRA play a limited role in diagnosis of active TB because
they cannot distinguish between latent TB and active TB
[86].
Serology, and antigen detection
No serological test is helpful in the diagnosis of
tuberculosis. Enzyme immunoassay has been used to detect
mycobacterial antigens, but the sensitivity and specificity
are less than with other methods. Similar problems exist in
application of ELISA to detect antibodies to M. tuberculosis
antigens. Neither of these methods is adequate for routine

diagnostic use [87].
Bacteriological investigations
Smears: Sputum sample is examined for acid fast stain.
It is simple, inexpensive, widely applicable and specific for
TB. The main disadvantage to smear microscopy is that
its overall sensitivity ranges from 20% to 80%, depending
on the type of specimen, the patient population, and the
technician's performance. Moreover, the sensitivity of
smear microscopy is limited in paediatric TB, as well as in
HIV-infected patients because direct microscopy cannot
distinguish between Mycobacterium tuberculosis (MTB)
and no tuberculosis mycobacteria (NTM).
Culture: Mycobacterial culture is more sensitive and
specific for the diagnosis of TB than AFB smear and is
considered the gold standard in diagnostics for TB. The
sensitivity of three sputum cultures is usually more than
90% and with six specimens it is possible to achieve 100%
sensitivity. However, two sputum cultures are currently
recommended because this represents the best balance
between maximal sensitivity and lower costs. The specificity
of culture is also usually greater than 90% [88].
Sensitivity test: Drug resistance is a big problem.
However, the organism grows very slowly and susceptibility
tests usually take several weeks, which is too long to guide
the initial choice of drugs. A recently devised test called the
luciferase assay, which can detect drug-resistant organisms
in a few days [89].
Nucleic Acid Amplification Test (NAAT)
The polymerase chain reaction (PCR) holds great
promise for the rapid and direct detection of M. tuberculosis
in clinical specimens. The overall sensitivity is 55-90% with a
specificity of about 99%. The test has the highest sensitivity
when applied to specimens that have smears positive for
acid-fast bacilli.
The Xpert® MTB/RIF assay: Is a new test that is
revolutionizing tuberculosis (TB) control by contributing
to the rapid diagnosis of pulmonary TB disease and drug
resistance. The diagnosis of PTB using Gene Xpert method
was highly specificity 100%, sensitivity 92.9% [90]. The
Xpert® MTB/RIF purifies and concentrates Mycobacterium
tuberculosis bacilli from sputum samples, isolates genomic
material from the captured bacteria by sonication and
subsequently amplifies the genomic DNA by PCR and detects
DNA sequences specific for Mycobacterium tuberculosis and
rifampicin resistance by a real time format using fluorescent
probes called molecular beacons [91,92]. ln vitro study
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demonstrated a limit of detection of as few as 131 colonyforming units/mL of MTB, compared with approximately
10,000 colony-forming units/mL with conventional smear
microscopy [93]. Results are obtained from unprocessed
sputum samples in 90 minutes, with minimal biohazard and
very little technical training required to operate [94].
Materials
Laboratory Instruments and equipments
The instruments and equipment required in this study
are listed in the Table 1.
Table 1: Laboratory Instruments and Equipments.
Equipments

Manufacturer (origin)

Balance

OHAUS (UK)

Centrifuge

Gemmy (Taiwan)

Electrophoresis

SCIE-PLAS (UK)

Distillator

ELISA instrument system

FineTech (Koria)

Human (Germany)

Eppendorf tubes

Bioneer (South Korea)

Hot and stir

HYSC (Korea)

Flasks, beakers and cylinders
Medical injection Syringes

Hirschman (Germany)
MEDECO(UAE)

Micro centrifuge

Beckman (Germany)

PCR system

Labnet (USA)

Micropipettes + tips
Plastic EDTA tubes 2.5 ml
Refrigerator

Screw capped plane tube 10 ml
UV- transilluminator

BIO BASIC (Canada)
AFCO (Jordan)

Concord (Lebanon)
AFCO (Jordan)

APEL 303 UV(Japan)

Vortex

Water bath

SCIE-PLAS (UK)

Gemmy (Taiwan)

Chemicals and biological materials

GFL (Germany)

All Chemical and biological materials are used in this
study listed in Table 2.
Commercial kits
The commercial kits were used in the study are listed
in Table 3.

Table 2: Chemical and biological Materials.
NO.

Material

Company / origin

1

Agarose

Promega(USA)

TBE buffer 10X

Promega(USA)

2

Ethidium bromide

4

Nuclease free water

3

Promega(USA)
Promega (USA)

Table 3: Commercial kits used in the study.
NO.

Type of kits

Company/country

1.

Genomic DNA extraction of whole blood

Promega (USA)

2.
3.
4.
5.
6.

PCR Go Taq Green Master Mix 100 reaction
Promega (USA)
2X
Primers of INF-ɣ gene polymorphism and
Alpha DNA (Canada)
IFN-ɣR1 polymorphism
DNA ladder 100 bp
Promega (USA)
ELISA kit to evaluate the concentration
Quantikine ELISA (USA)
IFN-ɣ
Digestion enzyme Taq1
Promega (USA)

The component of Genomic DNA extraction kit: The
component of genomic DNA extraction kit (promega -USA)
from 200 µl of fresh blood listed in Table 4.
Table 4: Component of Genomic DNA Extraction kit.
Material

Count

ReliaPrep Binding columns

2 packs (50/pack)

Collection tubes

5 packs (200/pack)

Proteinase k solution 1.1 ml

2 vial

Column Wash Solution 165 ml

1 vial

Cell Lysis Buffer 22 ml

Binding buffer 27.5 ml

Nuclease-free water 50 ml

1vial

1 vial
1 vial

GoTaq® Green Master Mix, 2X: GoTaq® DNA Polymerase
is supplied in 2X Green GoTaq® Reaction Buffer (pH 8.5),
400μM dGTP, 400μM dATP, 400μM dTTP, 400μM dCTP and
3mM MgCl2. Green GoTaq® Reaction Buffer is an exclusive
buffer containing a compound that increases sample
density, and blue and yellow dyes, which function as loading
dyes when reaction products are analyzed by agarose gel
electrophoresis. in a 1% agarose gel the blue dye migrates
at the same rate as 3–5 kb DNA fragments, and the yellow
dye migrates at a rate faster than primers (<50bp).
DNA ladder (100) bp (Promega): The component of
DNA ladder listed in Table 5.
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Table 5: Component of DNA ladder (promega).
1
2

Table 7: The Components of IFN Gamma ELISA kit.

Material

Components

Description

No.

Ladder consist of 11 double-stranded DNA with size (100 – 1500 bp).

Antibody-coated
Microplate

96 well polystyrene microplate

1 plate

Blue/ orange 6X Loading dye composition: [15% Ficoll, 0.03%
bromophenol blue, 0.03% xylene cyanol, 0.4% orange G, 10mM TrisHCl (pH 7.5) and 50 mM EDTA].

The primers of IFN-ɣ and IFN-ɣR1 genes: The primers
of IFN-ɣ and IFN-ɣR1 genes polymorphisms that used in
present study are listed in Table 6.
Table 6: Primers which used in the study.
Gene and
location of
SNP

IFN-ɣ (+874
T/A) intron 1

IFN-ɣR1 (189
T/G) exon 7

Product Size
(bp)

Primer sequence

Generic
primer

(antisense)

Primer A
(261)

Primers T/G
(496)

5'-TCA ACA AAGCTG
ATA CT
CCA -3'
Sense

5'-TTC TTACAA CAC AAA
AT CA A ATCA-3'
5'-TTCTTA CAACAC AAA
AT CAA ATCT-3'
5'-GCC ATT TGG TGG TCC
AT T AC -3'
(antisense)

5'-TCC AGA CAG
CTG GAATCAG T
-3'

References

IFN-ɣ standard

IFN-ɣ conjugate

Assay diluent RD151
Calibrator diluent
RD6-21
Wash buffer
concentrate
Color reagent A
Color reagent B

(Heidari et
al.,2015)

Recombinant human IFN-ɣ in a buffered
protein base with preservation; lyophilized
21ml of polyclonal antibody against IFNɣ
conjugated to horseradish peroxidase with
preservatives
11ml of a buffered protein base with
preservatives
21ml of a buffered protein base with
preservatives
21ml of a 25-fold concentrated solution of
buffered surfactant with preservatives
12 ml of stabilized hydrogen peroxide.

Stop solution
Plate sealers

12 mlofstabilizedchromogen
(tetramethylbenzidine)
6 ml of 2 N sulfuric acid

and (28) female.

Adhesive strips

1 vial
1 vial
1 vial
1 vial
1 vial
1 vial
1 vial
1 vial

4
strips

Control subjects
(Naderi et al.,
2015)

ELISA kit component: ELISA kits to evaluate the
concentrations of IFN-ɣ listed in Table 7.
Clinical samples
patients
The present study included 65 newly diagnosed
patients with PTB attending the AL- Nasiriyah consultant
clinic for chest and respiratory diseases during the period
October 2016 - May 2017. The blood was collected
and performed at the beginning or through ten days of
treatment was started. Patients included were clinically and
radiologically diagnosed for pulmonary tuberculosis and
then by conventional sputum smear (Ziehl - Neelsen stain)
and confirmed by GeneXpert MTB/RIF. All patients were
negative for HIV, hepatitis B, C, diabetes mellitus and not
received prior immunosuppressive therapy or had serious
medical illness were excluded from the study and the range
of age at diagnosis was (13 - 76) year including (37) male

The control group consisted of (65) healthy blood
donors free of history of TB or immune-related diseases and
were recruited at blood bank center of AL- Nasiriyah and
health care workers who works at the blood bank center.
They were nearly matched patients for gender (44 male and
21 female) and age (18 - 65) year.
Blood collection
Five milliliters of the venous blood were collected
from all study subjects after cleaning the skin with 70 %
alcohol, then the blood samples were divided into ethylene
diamine tetra acetic acid tubes (EDTA) as anticoagulant
and plain tubes. To separate the serum for measure IFN-ɣ
concentration, three milliliters of the blood samples allowed
to clot for about 30 min. at room temperature, then, the
samples were centrifuged for 10 min. at about 12000 rpm
and finally the serum transferred to other tubes for storage
at ≤ - 20˚C. For the human DNA purification and genetic
studies, 2milliliter of the whole blood samples was putted in
ethylene diamine tetra acetic acid (EDTA) tubes and mixed
well for several times, then stored at ≤ - 20 ˚C until use [95].
Agarose gel preperation
Agarose gel was prepared by dissolving 2gm of agarose
powder in 100 ml of 1x TBE buffer (pH:8) on hot and stir,
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allowed to cool to 50°C and 1μl of ethidium bromide at the
concentration of 0.5 mg/ml was added the comb was fixed
at one end of the tray for making wells used for loading DNA
sample. The agarose was poured gently into the tray, and
allowed to solidify at room temperature for 30 min. The
comb was then removed gently from the tray. The tray was
fixed in an electrophoresis chamber filled with TBE buffer
that covered the surface of the gel [96].
Genotyping assay
Genomic DNA extraction from fresh blood
The procedure was achieved according to the method
recommended by the manufacturing company (Relia Prep
Blood gDNA Miniprep System) Promega- USA:
I. The blood samples were collected in EDTA tubes
and thawed completely and mixed for 10 minutes in a
vortex at room temperature.

XII. The column was placed in a clean 1.5ml
microcentrifuge tube.
XIII. A 100μl of Nuclease-Free Water was added to the
column and centrifuged for 1 minute at maximum speed.
XIV. The ReliaPrep™ Binding Column was discarded,
and the extracted DNA was quantified by Nano Drop
spectrophotometer, and checked for the purity,
concentration and stored at ≤ -20 ˚C.
IFN-ɣ genotyping
The polymorphism in IFN-ɣ (+874T/A) gene was typed by
using amplification refractory mutation system-polymerase
chain reaction method (ARMS-PCR) which permits rapid
detect of polymorphisms involving single base changes. It
distinguishes heterozygous individuals at a given locus from
that of individuals homozygous for either alleles.

V. While the blood sample is incubating, a ReliaPrep™
Binding Column was placed into an empty Collection Tube.

The typical ARMS test, consists of two complementary
reactions: one containing an ARMS primer specific for the
normal DNA sequence and cannot amplify mutant DNA at a
given locus and the other one containing a mutant- specific
primer and does not amplify normal DNA Therefore, the
accuracy of this technique is about 99.9% [97]. The Taq DNA
polymerase (Master Mix-promega) was used to amplify
Genomic DNA. The reaction was employed a generic
antisense primer and one of the two allelic-specific (T/A)
sense primer of ~261bp and the procedure (ARMS-PCR)
used without internal control [98]. All primers were diluted
by (nuclease free water) to be used with the concentration
of 10 pmoles/μl .

VI. The tube was removed from the heating block and
250μl of Binding Buffer was added and caped the tube, and
mixed by vortexing for 10 seconds with a vortex mixer.

The mixture of reaction: The reaction mixture
(25μl reaction volume) for the detection of IFN-ɣ gene
polymorphism is listed in the Table 8.

VII. The contents of the tube was added to the
ReliaPrep™ Binding Column, caped and placed in a
microcentrifuge.

Table 8: Reaction mixture (25μl reaction volume) (promega).

II. A 20μl of Proteinase K (PK) Solution was butted in
1.5ml microcentrifuge tube.
III. A 200μl of each blood sample was added to the
tube which contains the Proteinase K (PK) Solution, and
mixed briefly.
IV. A 200μl of Cell Lysis Buffer (CLD) was added to the
tube, caped and mixed by vortexing for 10 seconds and
Incubated at 56°C for 10 minutes.

VIII. Centrifuged for 1 minute at maximum speed and
the lysate has completely passed through the membrane.
IX. The collection tube which contains the flow through
removed, and discarded the liquid as hazardous waste.
X. The binding column was placed into a fresh
collection tube and 500μl of Column Wash Solution which
added to the column, and centrifuged for 3 minutes at
maximum speed and the flow through was discarded.
XI. The step 10 was repeated twice for a total of three
washes.

NO.

Content of reaction mixture

volume

1

Go Taq Green Master Mix

12.5μl

Downstream(sense) primer (A/T)

1 μl

2

Upstream primer (generic antisense)

4

Patient DNA template

3
5

Nuclease-free water
Total volume

1 μl
3 μl

7.5 μl
25 μl

Thermal cycling conditions: The PCR reaction was
performed using total 30 cycles as showing in Table 9.
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Table 9: Thermal cycling conditions of PCR reaction(modified).
Steps

Temperature

Time

Initial denaturation

95°C

5 min

Annealing

55°C٭

Final extension

72°C

Denaturation
Extension

95°C

30 sec.

72°C

30 sec.

Detection of amplified products

30 sec.

cycles

30

5 min

The electrophoresis was made on a 2% agarose gel
stained with ethidium bromide the amplified products was
separated.
A five µl of the amplified products was loaded into
the wells in agarose gel and each subject loaded two PCR
products for T and A alleles, and in one well we put the
5µl of DNA ladder which was used one part loading dye
for every fiveparts DNA solution. The electric current was
allowed at 60 volt for 60min. UV- transilluminator was used
for the observation of DNA bands. The expected length of
PCR product of each allele was ~261bp.
IFN-ɣR1 genotyping
The polymorphism in IFN-ɣR1 (+189 T/G) gene was typed
by using polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) method. Genomic DNA
was amplified with use of Taq DNA polymerase (Master
Mix-promega). The reaction was employed specific forward
and reverse primers to amplification the gene (T/G) ~496
bp.
The mixture of reaction: The reaction mixture (25μl
reaction mixture) for the detection of IFN-ɣR1 polymorphism
is listed in the Table 10.
Table 10: The reaction mixture (promega).
Content of Reaction Mixture

Volume

1

Go Taq Green Master Mix

12.5 μl

3

Revers primer

1 μl

4
5

Forward primer

Patient DNA template
Nuclease-free water
Total volume

Table 11: Thermal cycling condition of PCR reaction(modified).
Steps

Temperature

Time

Initial denaturation

95°C

5 min

Annealing

60 °C٭

Final extension

72°C

Denaturation
Extension

95°C

30 sec.

72°C

30 sec.

30 sec.

cycles

30

5 min

٭Annealing temperature 63.7˚C (Heidari et al., 2015). The
expected length of the PCR product was 496 bp.

Restriction enzyme (TaqI) digestion mixture: The
restriction enzyme digestion mixture was performed and
listed in Table 12.
Table 12: Mixture of Restriction Enzyme Digestion(promega).
Content of Mixture

Volume

Sterile, deionized water

7.3 μl

Acetylated BSA 10µg/ μl

0.2 μl

Taq1 restriction enzyme, 10 ᴜ/μl

0.5 μl

RE 10X Buffer

PCR product (DNA)
Total volume

2 μl

10μl
20μl

Then mixture mixed by pipette and centrifuged for a
few seconds in a microcentrifuge and incubated at 65˚C for
3 hours and then hold at 4 ˚C for 10 min.
The recognition site for the TaqI is:
5'…..T ↓C G A ….. 3'
3'….. A G C ↑T….. 5'

NO.

2

Thermal cycling conditions: The PCR reaction was
performed using total 30 cycles, showing bellow in Table 11.

1 μl
3 μl

7.5 μl
25 μl

Detection of amplified products
All digested products were separated by electrophoresis
on a 2% agarose gel stained with ethidium bromide. Agarose
gel was prepared as previously described. Five micro litter
of the mixture (amplified product and enzyme) was mixed
with 1 microlitter of loading dye and loaded into the wells
in agarose gel, and in one well we put the 5µl of DNA ladder.
The electric current was allowed at 60 volt for 60min.
Absence of TaqI restriction site was assigned as T allele (~
496 bp) and presence of restriction site resulting in ~ 286
and ~210 bp fragments was assigned as allele G.
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ELISA assay for IFN-ɣ
ELISA assay was achieved according to the method
described by the manufacturing company (Quantikine®
ELISA) USA.
Reagents and standard preparations: All reagents and
samples were brought at room temperature.
A- Wash Buffer Preparation:
500 ml
prepared of Wash Buffer (concentrated
solution of buffered surfactant with preservatives) by adding
20 ml of Wash Buffer concentrate into 480 ml distilled water.
B- Substrate Solution preparation:
Mix equal volumes of Color Reagents A (stabilized
hydrogen peroxide) and B [stabilized chromogen
(tetramethylbenzidine)] and stored in dark place and used
within 15 min.
C- Standards Preparation:
The undiluted standard (stock solution) serves as
the high standard (1ooo pg/ml). a pipette 500 μl and
polypropylene tubes was used to produce serial dilution and
was Performed from the Standard stock as the following:
1) Seven of polypropylene tubes was labeled from 1-7.
2) 500 μl of Calibrator diluent RD6-21 was added to
each tube.
3) 500 μl of stock solution was added to the tube No.
7 and mixed.
4) 500 μl was transferred of tube NO.7 to the next
tube to produce a dilution series as depicting in Figure 3
and each tube mixed before the next transfer. Tube number
one serves as blank which contain Calibrator diluent RD6-21
only.
Assay procedure
I. All reagents, working standards, and samples were
brought to room temperature before use.
II. A
100μl of
was
added to
each

assay
well.

diluent R D 1 - 5 1

III. A 100μl of blank, Standards, and samples were
added to each well and covered with adhesive strip and
incubated for 2 hours at room temperature.
IV. Each well aspirated and washed, the process
repeated three times for a total four washes by filling each

Figure 3: ELISA standard preparation for IFN-ɣ evaluation.

well with 400µl wash buffer. The liquid was removed from
the wells by automated aspirating wash.
V. After the last washing, the plate was taped on a
clean paper at least 5 times to remove excess Wash Buffer.
VI. A 200 µl of IFN-ɣ conjugate was added to each well
and covered with a new adhesive strip and incubated for 2
hours at room temperature.
VII. The aspiration wash was repeated as in the step 4.
VIII. A 200 µl of substrate solution was added to each
well and incubated for 30 minutes at room temperature in
dark place.
IX. A 50 µl of stop solution (sulfuric acid) was added to
each well and the color in the wells was changed from blue
to yellow.
X. The optical density of each well was determined
within 30 minutes by using a microplate reader at 450 nm.
Statistical analysis
Data were collected, summarized, analyzed and
presented using three statistical software programs: the
statistical package for social science (SPSS version 22),
Microsoft office excel 2013 and medCalc 2014.
Categorical variables were presented as number and
percentage whereas numeric variables were presented
either as mean and standard deviation (SD) or median
and interquartile range (IQR) according to the results of
kolmogrov Smirnov test of normality distribution for numeric
variables. The association between categorical variables
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was assessed using Chi-square test. The comparison of
mean values between two groups was carried out using
either independent samples- t test or mann Whiteny U test.
Kruskal Wallis test was used to study difference in median
among three groups. Odds ratio was used to estimate the
risk and etiologic and preventive fractions were assessed
accordingly. P-value was considered significant when it was
equal to or less than 0.05.
Results and Discussion
This study includes 65 blood samples collected from
PTB patients, also Include 65 healthy individuals donors of
blood bank and blood bank staff of Al- Nasiriyah city.
The results of acid fast stain and The Xpert® MTB/RIF
assay
The Table 13 shows the results of sputum specimens by
acid fast stain and geneXpert MTB/RIF for 65 patient which
included in this study 63 patient were positive by acid fast
stain and all patients (65) were positive by geneXpert.
Table 13: Results of Sputum Specimens for Patients by Acid Fast
Stain and geneXpert.
Patients NO

65

Acid fast stain
Positive
63

geneXpert
Negative

Positive

2

65

Negative
-

Demographic characteristic of the patients and
controls groups
The Table 14 shows the distribution of patients and
controls subjects according to 10 years age intervals in
addition to mean age. Mean age of patients was 38.86
Table 14: Distribution of patients and control subjects according
to age.
Age interval
(years)

<20

Control group (n
= 65)
n

%

n

%

9

13.8

12

18.5

15

23.1

13

20

20-29

14

40-49

15

30-39
50-59
>60

Mean age ±SD

patient group (n
= 65)

7
5

21.5
23.1
10.8
7.7

35.75 ±13.61

11

16.9

12

18.5

9

13.8

8

P-value*

The patients were approximately evenly distributed
according to age intervals scale, which reflects all age
groups were susceptible for TB infection and most incidence
occurs with age less than 50 year (73.9%) and the incidence
relatively more in age group 30-39 year (20%), followed by
age groups [40-49 year (18.5%) and < 20 year (18.5%)] and
age group 20-29 year (16.9%). This may be attributable to
fact that the individuals with age less than 50 year represent
majority of the population and they are the most active
phase of life rendering them at increased risk of exposure
to microorganism from patients with open form of disease.
The results matched with other studies obtained by Muhsen
[99] who were demonstrated the young and middle age
groups showed higher frequencies of TB cases than other
age groups, AL-Khafaji was demonstrated an increase in
TB cases among age groups 41-50 and followed by 21-30
years old of TB patients. Also, the incidence was matched
with WHO report [100] which reported 75% of TB cases in
developing world are in the most economically productive
age group (15-54) years. Other recent study reported that
all age groups of population are targeted by infection
with tuberculosis. Also, the American Thoracic Society
(2000) illustrated that people of all ages, nationalities and
all incomes can get tuberculosis and Zaman [101] were
demonstrated that all age groups studies were different
between studies and covered all ages.
The Table 15 shows distribution of patients and controls
subjects according to gender. The patients were (37 male
and 28 female) and control subjects (44 male and 21 female).
Although, control group included more male subjects and
less female subjects than the patients group, there was
no significant difference in distribution of members in
both groups according to gender (P=0.205). These results
Table 15: Distribution of patients and control subjects according
to gender.
Gender

----

12.3

38.86 ±17.44

±17.44 years and the control subjects were 35.75±13.61
years and there was no significant difference in mean
age between the two groups (P=0.259). The distribution
according to ten years age intervals was also comparable
between the two groups.

0.259

Control group (n =
65)

patient group (n
= 65)

n

%

n

%

Male

44

67.7

37

56.9

Total

65

100

65

100

Female

21

32.3

28

43.1

χ2

P-value

1.506

0.205
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concerning age and gender are mandatory, since age and
gender matching between control and patients groups is
essential in such a case control study to avoid bias that may
arise from difference in age and gender.			
The PTB infection was relatively high in males (56.9%)
than in females (43.1%) this may be due to difference in
the life style between males and females, the males more
exposure to infectious and more smoking. Many studies
reported this difference in ratio between males and females
due to gender-related differences in financial, stigma, and
health literacy are interrelated and represent potential
targets [102-105]. The results agreement with AL-Khafaji
which recorded the TB infection in male to female ratio
3:2 for TB patients attending the Specialized Chest and
Respiratory Center in Medical Baghdad City, and the data
which reported by the National Reference Laboratory for
Tuberculosis in Iraq (2011), which reported that the rates
of TB in males were higher than in females for TB patients
attending the specialized center for respiratory and chest
diseases in Baghdad city, also the result like AL-Jubouri
[106] who mentioned that the ratio of TB was higher in
males than females for TB patients attending Tuberculosis
Centre in Hilla city, Iraq, Also WHO had reported that men
appear to be more affected than women.
The human genetic polymorphism and susceptibility
to pulmonary TB
TB

IFN- (+874 A/T) SNP and susceptibility to pulmonary

The Amplification Refractory Mutation System –
polymerase chain Reaction method (ARMS-PCR) was used to
detect the genotype of IFN-ɣ +874 T/A polymorphism in both
PTB patients and controls [107], the positive amplification of
both PCR reactions for each subject exhibited a TA genotype
as shown in (Figure 4), while positive amplification in only
the first PCR reaction exhibited a TT genotype and finally, the
positive amplification in the second reaction only showed
an AA genotype. This study showed significant association
for alleles and genotypes of IFN-ɣ (+874 A/T) SNP in intronic
region between patients with PTB and controls individuals.
The Table 16 shows the genotypes and alleles frequency.
The (A) allele and its homozygous genotype (AA) significant
increase in frequency combined with lower frequency of (T)
allele and (TT) genotype in the patients. The individuals with
homozygous genotype (AA) 23(35.4%) among the patients
with PTB compared with healthy control subjects 8(12.3%),
with high risk (3.902-folds) for developing tuberculosis than
the other two genotypes (AT and TT), [odds ratio 3.902,
95% confidence interval (1.590–9.576), p value 0.002,

Figure 4: Agarose gel electrophoresis (2%, 1X TBE) show three
genotypes by ARMS (~261bp) of IFN-ɣ genotypes for 9 patients
each patient loaded two PCR products for T and A alleles. lanes
1,2 (TA), lanes 3,4 (AA), lanes 5,6 (TA), lanes 7,8 (TT), lanes 9,10
(TA), lanes 11,12 (TT), lanes 13,14(AA), lanes 15,16(TT), and lanes
17,18 (AA).
Table 16: Genotypes and Alleles frequencies of IFN-ɣ +874 T/A SNP
in PTB patients and controls.
IFNgamma
SNP
874
T/A

Gen
otype

Allele

Control
group
(n =
65)

patient
group
(n =
65)

P-v
alue

OR

95%
CI
Lo
wer

EF

PF

0.358

U
pper

n

%

n

%

TT

31

47.7

17

26.1

0.011

0.388 0.186

0.812

---

AA

8

12.3

23

35.4

0.002

3.902

9.576

0.552

88

67.7

0.657

---

130

100

TA

26

Total

65

A

42

T

Total

40

100

32.3

25
65

38.5
100

59

45.1

130

100

71

54.9

0.938

<0.001
<0.001

0.067

0.464

0.397

0.24

2.521

1.59

1.523

1.896

4.175

---

0.379

N: Number; OR: Odds ratio; CI: Confidence interval; EF: etiologic
fraction; PF: preventive fraction.

etiological fraction 0.552]. In contrast, the individuals with
homozygous (T) alleles were more frequency among control
individuals 31(47.7%) when compared with TB patients 17
(26.1%) and odds ratio (OR) was less than 1 so it can be
regard as a protective factor [odds ratio 0.388, p value
0.011, 95% CI (0.186 - 0.812), preventive fraction 0.358]
while the genotype (TA) rate was not significantly different
between patients group and control group (p value 0.938). It
was observed that variations in the allelic frequencies were
significantly high the (T) allele in the control 88(67.7%), than
in the patients group 59(45.1%), [p value <0.001, odds ratio
0.397, 95% CI (0.240-0.657), preventive fraction 0.379].
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0.032
---

0.379
---

while the (A) allele in control group 42(32.3%) while in
patients group71(54.9%) [p value <0.001, odds ratio 2.521,
95% CI (1.523-4.175), etiological fraction 0.379].
During compared the two groups, the control group:
IFN-ɣ (+874) A allele was more frequent among patients
(54.9%) while the IFN-ɣ (+874) T allele was more frequent
among control individuals (67.7%). The present study
suggests, that the defect in the production of IFN-ɣ in
individuals with (+874) AA genotype was contributed to
increase the susceptibility to the M. tuberculosis. Also,
the results appear to be support the association of the
+874 AA genotype with risk of developing tuberculosis as
well suggest influence of the allele +874 A which appears
to be a predisposing factor for M. tuberculosis infection,
in opposition to a protective role for the +874 T allele,
the +874 TT genotype against TB. Several studies showed
a dominant association between the AA genotype or A
allele at nucleotide +874 of IFN-ɣ gene, susceptibility to
tuberculosis infection, latent tuberculosis and may be used
as a predictive biomark (Tian et al.,2011; de Albuquerque et
al.,2012; Hu et al., 2015; Zhang et al.,2017).
Also these results are similar the finding from AlZubadi [108] and other studies with different population
which found an association between IFN-ɣ +874 T/A
polymorphism and susceptibility to tuberculosis [109,110].
The results were not matched with other studies showed
no association between IFN-ɣ +874 T/A polymorphism and
susceptibility to TB [111-113]. The lack of association could
be explained by genetic heterogeneity and population
stratification observed within each ethnic group studied
in these studies. The IFN-ɣ levels were measured and the
Table 17 shows a comparison of median serum level of
IFN-ɣ between patients and control groups there was a
highly significant difference (p˂0.001) in the level of IFN-ɣ
between study groups, and its level was higher in-patient
group than in control group, 30.00pg/ml versus 12.10 pg/
ml.

T-allele correlates with high IFN-ɣ expression and increased
resistance to M. tuberculosis infection, whereas the A
allele correlates with low expression. This suggest +874 TT
genotype may be associated with protection against TB,
whereas +874 AA homozygous may be an important genetic
risk factor for development of TB. Also, in present the allele
T in heterozygosis (AT) may be confer partial protection.
The Table 18 show the median of serum level of IFN-ɣ in
patients with active pulmonary tuberculosis when compared
with that in control individuals the homozygous patients
(AA) produced (17.8 pg/ml) and the Median of IFN-ɣ serum
level of control individuals was (12.10 pg/ml) and when
compared with patients carrying one or two copies of allele
T (32.15pg/ml) and (65.8 pg/ml) for AT and TT respectively.
Also, the Figure 5 demonstrate the differences in the median
of IFN-ɣ levels between the control and study group and AA
genotype was lowest median serum IFN-ɣ level. supporting
the association of low serum levels of this cytokine with the
development of tuberculosis.
Table 18: median, IQR, p value of IFNG for each genotype of IFNG
and IFN-ɣR1.
Genotype

SNP 874
T/A

Controls
group

Patients
group

Median

IQR

P

Median

IQR

P

AA

13.22

4.02

0.229

17.8

3.9

<0.001*

TT

11.95

5.62

65.8

34.98

TA

11.9

4.7

32.15

7.9

IQR: inter -quartile range; * highly significant at P<0.01.

Table 17: Median of IFN-ɣ level in control and patients.
IFN-gamma level
in serum

Control )n =
65(

patients group )n = 65(

P
value*

median

12.1

30

˂0.001

Inter-quartile
Range

*Mann Whitney U test

5.4

26.8

However, the patients with TB carrying the genotype
+874 A/A showing significantly lower IFN-ɣ serum levels
than those with +874 A/T and +874 T/T genotypes. Also,
Zhang [114] were observed that the presence of the

Figure 5: The association between IFN-ɣ + 874 T/A genotypes and
the serum level of IFN-ɣ in patients and controls groups.

The association between the +874 T/A genotypes and
the serum level of IFN-ɣ produced by peripheral blood
mononuclear cells (PBMC) confirmed by, Al-Zubadi was
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reported the mean of IFN-ɣ serum level of healthy control
individuals approximately same to that recorded for the
genotype (AA) in patients with tuberculosis. Tambur [115]
were demonstrated three possible genotypes (AA, TA
and TT), which confer three different phenotypes (low,
intermediate and high) producers of IFN-ɣ respectively. Also,
Sallakci [116] were found that the IFN-ɣ response to PPD was
significantly higher in TT than AA genotype. Furthermore,
75% of BCG-vaccinated children with TT genotype exhibited
high amounts of stimulated IFN-ɣ compared with 16% with
AA genotype [117] These observations may explain the
association between the increased AA genotype and the
decreased TT genotype in tuberculosis. Vallinoto reported
the +874 A/A polymorphism reduces the production of
IFN-ɣ and decreases the activation of cellular immunity,
thereby increasing the chance of infection. Those results
refer to the IFN-ɣ +874 A allele corresponds to a lower IFN-ɣ
expression, a lower IFN-ɣ level may failure the activation
of macrophages, leading to the progression of active
tuberculosis.
This deficiency in IFN-ɣ also impairs the production of
TNF alpha by macrophages, discouragement formation of
the granuloma, facilitates the spread of the bacterium to
other organs, and lead to more severe forms of tuberculosis
[118]. The single nucleotide polymorphism may occur within
coding sequences of genes, non-coding regions of genes, or
in the intergenic regions which be regions between genes
[119]. The non- coding regions polymorphism of genes can
affect gene splicing, transcription factor binding, messenger
RNA degradation, or the sequence of non-coding RNA.
The SNPs in non-coding regions occur more frequently
than in coding regions and usually, the natural selection is
eliminating other variants and fixing the allele of the SNP
that constitutes the most favorable genetic adaptation
[120].
The mechanisms of altered gene expression associated
with Single nucleotide polymorphism in regulatory region of
cytokine gene have affect the level of expression of cytokine.
The T allele that located at position +874 of the intron 1
of IFN-ɣ gene associated with the CA microsatellite marker
which matches with a putative NF-kB binding site that could
play essential role in the induction of constitutively high
IFN-ɣ production. So, substitute T allele to A allele directly
influences the level of IFN-ɣ production. In genetics, an
enhancer is a short (50-1500 bp) region of DNA that can
be bound by transcription factors to increase the chance
that transcription of a particular gene will occur and can be
located up to 1 Mbp (1,000,000 bp) away from the gene,
downstream or upstream from the start site and can also be

found within introns [121].
Nuclear factor kappa- B when first discovered as a factor
in the nucleus of B cells that binds to the kappa light chain
of immunoglobulin gene enhancer in 1986 [122]. Its family
proteins complex that bound to a specific DNA sequence
within the intronic enhancer and controls transcription of
DNA, cytokine production, cell survival and proliferation,
thereby regulating various aspects of innate and adaptive
immune responses. Moreover, NF-kB plays a crucial role in
Toll-like receptor (TLR) and antigen receptor (AgR) signaling,
and hematopoiesis [123]. and found in almost all animal
cells types and is involved in cellular responses to stimuli
such as cytokines, stress, free radicals, ultraviolet irradiation,
heavy metals, and bacterial or viral antigens [124]. Incorrect
regulation of NF-κB has been linked to cancer, autoimmune
diseases, inflammatory, viral infection and septic shock.
Nuclear factor-κB is important in regulating cellular
responses because it belongs to the category of rapid-acting
primary transcription factors that are present in cells in an
inactive state and do not require new protein synthesis in
order to become activated this allows NF-κB to be a first
responder to harmful cellular stimuli [125].
Nuclear factor -κB is located in the cytosol complexes
with the inhibitory protein, a variety of extracellular signals
can activate the enzyme kinase inhibitory kappa B (IKK)
which results in, dissociation of inhibitory protein from
NF-κB, and then degraded the inhibitory protein by a cell
structure called the proteasome. The activated NF-κB is
then translocated into the nucleus where it can 'turn on'
the expression of specific genes that have DNA-binding
sites for NF-κB nearby, then leads to the given physiological
response. The newly synthesized inhibitor kappa B protein
then re-inhibits NF-κB and, thus, forms an auto feedback
loop, which results in oscillating levels of NF-κB activity
(Nelson et al., 2004). The DNA/NF-κB complex interact with
DNA-associated factors as well as the general transcriptional
apparatus, then recruits other proteins such as co-activators
and RNA polymerase II, which transcribe downstream DNA
into mRNA, which, in turn, is translated into protein, which
results in a change of cell function [126].
The +874 T allele creates the DNA sequence AATCTC, that
there is NF-kB binding activity to this sequence. Therefore,
this T to A polymorphism. AAACTC could account, for the
differences in the level of IFN-ɣ production previously
associated with the CA microsatellite polymorphism. The
mechanism of increased IFN-ɣ response with TT genotype
which is over-represented in healthy subjects than patients
may be explained by the preferential binding of the
transcription factor NF kappa B to +874-T allele [127].
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IFN- R1 (+189 T/G) SNP and susceptibility to pulmonary

In the present study was also studied the possibility of
association between IFN-ɣR1 (+189 T/G SNP) in the exonic
region seven (effect of synonymous codon change) and
the risk of PTB by using PCR - Restriction Fragment Length
Polymorphism. According to our knowledge this study was
the first one in Iraq population to explore the polymorphism
at this locus on susceptibility to PTB. The amplification of
~496 bp. of DNA that included the +189T/G polymorphism
were performed to both patients and controls by PCR. The
Figure 6 was shown the PCR products which include +189
T/G polymorphism before use restriction enzyme. The PCR
products were digested by Taq1 restriction enzyme. Figure
7 show the results of Taq1 digestion of PCR products. The
TT genotype (homozygote of recessive allele) lacks a Taq1

Table 19: Genotype and Allele frequencies of IFN-ɣR1 189T/G SNP
in PTB patients, control.
IFNgamma
SNP
189
T/G

Geno
type

Allele

Control
group (n =
65)

patient
group (n =
65)

Pvalue

n

%

n

%

TT

21

32.3

39

60

0.002

GG

4

62

2

3.1

0.403

TG

40

Total

65

G

48

T

Total

61.5
100

34

36.9

65

100

82

63.1

102

78.5

130

100

130

100

36.9

28

21.5

0.005

0.006
0.006

OR

95%
CI

EF

PF

---

Low
er

Upper

3.143

1.532

6.448

0.443

0.484

0.086

2.74

---

2.132

1.231

0.366

0.469

0.18

0.271

0.744

3.693
0.812

---

0.394

0.294

---

---

no:Number; OR: Odds ratio; CI: Confidence interval; EF: etiologic
fraction; PF: preventive fraction.

site and show only one band of ~496 bp. The TG genotype
(dominant G allele contain Taq1 site) generates three
fragments of ~496, 286 and 210 bp. The homozygote GG
displays two fragments of ~286 and 210 bp.

Figure 6: Agarose gel electrophoresis (2%, 1X TBE) showing PCR
product (~496 bp) for 19 patient before digestion with Taq1
restriction enzyme.

Figure 7: Agarose gel electrophoresis (2%, 1X TBE) showing the
RFLP fragments for 19 patient after digestion of PCR product by
Taq1 produce three genotypes. Lane 1 , 3, 7, 8, 11, 12 and 14 show
TG genotype (496, 286 and 210 bp), lanes 2, 4, 5, 6, 9, 10, 13, 15,
16, 17 and 18 show TT genotype (496 bp) and lane 19 show GG
genotype (286 and 210 bp).

The Table 19 shows the genotypes and alleles
frequencies, the individuals with homozygous T alleles (two
allele T) was significantly more common among the patients
with PTB 39 (60.0%) as compared with healthy control
subjects 21(32.3%) and had a (3.143-folds) increased risk
of developing tuberculosis than the other genotype (TG),
[p value 0.002, odds ratio, 3.143; 95% confidence interval
(1.532-6.448), etiologic fraction 0.443]. while heterozygous
(TG) was more frequent in control individuals 40 (61.5%)
compared with patients subjects 24(36.9%) and had a [ p
v 0.005, odds ratio 0.366, 95% confidence interval (0.1800.744), preventive fraction 0.394]. Therefore, it can be
regard as a protective factor. while homozygous (GG) rate
was not significantly different between patients group and
control group (p=value 0.403) because it rare in frequencies
in control and patients groups so it cannot be regarded
as a preventive factor. It was observed that variations in
the allelic frequencies of the IFN-ɣR1 (+189) T allele was
relatively more frequent among patients 102 (78.5%) while
in control 82 (63.1%) which be significantly associated with
susceptibility to PTB ( p value 0.006) and had (2.132- fold)
increased risk of developing tuberculosis than the other
allele (G) and (+189) G allele was relatively more frequent
among control individuals 48 (36.9%) when compared with
patients 28 (21.5%) and had significant difference [p value
0.006, odds ratio 0.469, 95% CI(0.271-0.812) and preventive
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0.262

0.294

fraction 0.294].
When the TG genotype compared with TT genotype in
control group the TG was more frequent (61.5 %) and the
TT (32.3%). While in the patients group the TT genotype
was more frequent (60%) and TG (36.9%). The results
suggest the effect of the homozygous TT, which contribute
to increased risk of developing tuberculosis also the results
appear to support the association of the TT genotype
with the susceptibility to the M. tuberculosis, whereas
the heterozygous TG may be related to protection against
M. tuberculosis infection. According to the results, the
position +189 T/G SNP was no significant association with
serum IFN-ɣ concentration (p value 0.837). The Table 20
was showing no significant correlation between median
of serum IFN-ɣ level of genotypes in control subjects and
patients and GG genotype was highest median serum IFN-ɣ
level in patients.
Table 20: Median, IQR, p value of IFN-ɣ level in serum for genotypes
of IF-ɣR1.
Controls group
Genotype
SNP 189
T/G

Patients group

Median

IQR

P

Median

GG

11.75

6.9

0.224

36.6

TT

10.3

TG

12.3

IQR: inter quartile range

4.05
5

22.5
30.8

IQR

51.38

P
0.837

20

The association between IFN-ɣR1 +189 T/G
polymorphism and risk of PTB showed, which demonstrated
that TG genotype decreased the risk of PTB when compared
with TT genotype, also showed the G allele decreased the
risk when compared with T allele. Also, the association
between IFN-ɣR1 and susceptibility to PTB was investigated
in a Gambian adult population in the promoter and coding
regions of IFN-ɣR1 including exon 7 at position +189 T/G
SNP there was no association between the +189 T/G SNP
and PTB in this Gambian population sample [128]. One
reason for the different results is various genotype and
allele incidences between different ethnic populations
that confirm heterogeneity of populations hence a genetic
risk factor in one population may not change disease
susceptibility in another population [129] and many genes
could affect various ethnic population to different degree.
At present there is little data to determine whether this
+189 T/G locus variants are functional in determining IFNɣR1.
Several studies demonstrated that deficiency of IFN-ɣR1

can be inherited as an autosomal recessive or an autosomal
dominant trait. Functionally, the defect may be complete or
partial based on whether the defective receptor is expressed
on the cell surface and can bind IFN-ɣ and refer collectively
Mendelian susceptibility to mycobacterial disease (MSMD)
syndromes which comprises about 8% of patients [130]. The
autosomal recessive complete deficiency is the rarest but
cause most severe disease about 32 individuals carrying 25
mutations have been diagnosed with this variant worldwide.
The identified mutations which involve the extracellular
region of the receptor that involve exons 1 to 5, which typically
results in complete absence of protein expression and
characterized by early onset of disseminated life-threatening
infections in the childhood with low virulent mycobacteria,
lack of response to IFN-ɣ cytokine replacement therapy,
and high mortality. The hematopoietic stem cell transplant
is the only curative therapy available for these patients
[131]. Nevertheless, mutations associated with autosomal
dominant or recessive which cause partial deficiency in IFNɣR1 have been found in parts of the gene encoding for the
intracellular domain of the receptor, which includes last
part of exon 6 and exon 7 [132]. These mutations produce
imperfect intracellular signaling and receptor recycling but
allow the expression of a partially functioning receptor on
the cell surface. These variances translate in a milder clinical
phenotype, later onset of disease, and response to IFN-ɣ
replacement, which accompanied by antibiotic prophylaxis
are the first line of therapy.
Single nucleotide polymorphisms (SNPs) within a
coding sequence do not essentially change the amino acids
sequence of the protein that is produced (synonymous
polymorphism), due to degeneracy of the genetic code
that code same amino acid, or result in the insertion of an
alternative amino acid with similar properties to that of
the original amino acid in either case there is no significant
change in phenotype. However, synonymous mutations
only occur within exons, and are not always silent mutations
[133].
Use of synonymous codons in the coding regions of
gene are not random and codon usage bias is an essential
feature of most genomes [134]. Some researchers suggest
that such changes to the triplet code do effect protein
translation efficiency and protein folding and function
[135,136] also Goymer and Patrick [137] were demonstrated
the synonymous mutations can affect translation, and alter
phenotype of gene and convert the synonymous mutation
to non-silent. Zhang [138] were demonstrated the silent
mutations can affect the timing and rate of protein folding,
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which can lead to impairment of functions. Also, recent
experimental studies demonstrated that codon usage
regulates translation, elongation speed and co-translational
protein folding [139-141].
The tRNA concentration is a crucial parameter
determining the rate of translation of a single codon [142].
If transportation of amino acid to the ribosome was delayed
the translation will be carried out at a much slower rate
this can result in lower expression of a particular gene
containing that silent mutation. For example the position
+189T/G in exon 7 of IFN-ɣR1 constitute codon TCT or TCG
which coded the serine there is a specific tRNA molecule for
the mRNA codon UCU and another specific for the mRNA
codon UCG, both of which codes for the amino acid serine if
there was a thousand times less UCU tRNA than UCG tRNA,
then the incorporation of serine into a polypeptide chain
would occur a thousand times more slowly after a mutation
causes the codon to change from UCG to UCU. Furthermore,
if the ribosome has to delay too long to receive the amino
acid, the ribosome could terminate translation prematurely
[143]. This may be explain why TT genotype more frequent
in tuberculosis patients and TG genotype more frequent in
control individuals [144-152].
Conclusion and recommendation
Conclusion
a. The IFN-ɣ +874 A/A genotype in the patients with
PTB produces lower serum levels of IFN- ɣ, the patients with
(TA) genotype produces moderate levels and patients with
(TT) genotype produce high levels.
b. There is no statistical association between serum
level of IFN-ɣ and IFN-ɣR1 +189 T/G genotypes in the
patients with PTB, and GG genotype produce high level of
IFN-ɣ.
c. The IFN-ɣ +874 A allele increased susceptibility
to PTB and individuals with (AA) genotypes at risk for
developing tuberculosis infection, while T allele decrease
susceptibility and TT genotype have protective role against
developing PTB infection in Iraqi population.
d. The IFN-ɣR1 +189 T allele increase susceptibility
to PTB and TT genotype increase risk of developing PTB.
While G allele have protective role, and TG genotype
decrease developing of PTB and GG genotype had no role in
protection in Iraqi population.
Recommendations
A. Polymorphisms in IFN-ɣ +874 T/A and IFN-ɣR1 +189
T/G genes should be considered in planning of control

strategies against tuberculosis infection in AL-Nasiriyah
population.
B. Detection of an autosomal dominant or recessive of
IFN-ɣR that cause partial deficiency and possibility use IFN-ɣ
to treat MTB and other intracellular pathogens.
C. Detecting others polymorphisms in the IFN-ɣR
genes include synonymous polymorphisms and studying its
effect on immune response against TB.
D. Investigating the role of polymorphisms in
other genes that may affect the immune response to M.
tuberculosis and their effect on susceptibility/resistance to
tuberculosis in Iraqi population.
E. Investigating the role of genetic polymorphisms in
susceptibility to other infectious diseases.
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