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Abstract

Background and aim: Typhoid fever is one of the major health problems facing humanity of all ages. This study was conducted
to investigate the relative contribution of genetic factors to the severity of typhoid fever in a sample of the Iraqi population.
Materials and Methods: Blood samples were collected from 52 patients suffering from typhoid fever that was previously diag-
nosed using conventional and genetic methods at Ibn Al-Baladi Hospital in Baghdad and 52 apparently healthy volunteers as
a control group. DNA was extracted from peripheral blood and genotyped for NRAMP1 Intron 4 (469+14 G/C) / rs3731865
and NOD2 Exon 8 (2722 G/C) / rs2066845 single nucleotide polymorphism (SNP) using the Nested T-ARMS PCR method.
Results: explained that patients with at least one copy of the NOD2 (C) allele, whether (homozygote or heterozygote) had
a high risk of severity of Typhoid fever with highly significant (P<0.01), as well as results found that there was no associa-
tion between the occurrence of NRAMP1 rs3731865 Intron 4 (469+14 G/C) with severity of Typhoid fever. Conclusion: The
incidence of NOD2 Exon 8 (2722 G/C) rs2066845 SNP plus the C allele could be related to the severity of Typhoid fever in
this particular Iraqi population.
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Introduction

Typhoid fever is a prospectively, multisystemic illness that
has been a public health problem, especially in the devel-
oping world (1). Globally, overall rates of typhoid fever are
reported to be falling, however, there are between 11.9 and
26.9 million cases of typhoid fever each year with (129,000
— 135,900) deaths (2). Typhoid fever is endemic in Iraq, and
hot weather and frequent interruptions in electricity and wa-
ter supply during the summer months have resulted in an
increased incidence (3). Numerous interventions were im-
plemented to prevent and control outbreaks. In 2007, 2008,
2009 and 2010, a total of 36,208, 58,247, 49,113 and 49,139
suspected cases of typhoid fever were reported, respectively
(4). Nucleotide oligomerization domain 2 (NOD2) is a fam-
ily of intracellular bacterial sensors that are able to recognize
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highly conserved microbial motifs, play an antibacterial fac-
tor, limiting survival of intracellular invasive bacteria, and
are cytosolic pattern recognition receptors (PRRs) that rec-
ognize particular motifs found in bacterial peptidoglycan.
The NOD2 family is key bacteria-sensing receptors and is
important in the early response against enteric pathogens, in-
cluding S. typhi, mutations in NOD2 in humans have been
associated with inflammatory disorders (5). The natural re-
sistance associated macrophage protein 1 gene (NRAMP1)
encodes a divalent cation transporter protein, includes Fe2+,
which is a complementary factor to various enzymes ,bacte-
rial proliferation, also necessary to produce hydroxyl radical,
which reacts with nitric oxide to be biocidal peroxynitrite.
Hence, it may influence the biocidal activity of macrophages,
and NRAMPI gene polymorphisms affect the development
of some immune-related diseases (6). Studies on the relation-
ship between genetic polymorphism and host typhoid fever
susceptibility in Iraq were found to be rare and perhaps did
not exist. That was what motivated us to conduct such a study,
to examine the effect of genetic polymorphism of NOD2 and
NRAMPI genes of susceptibility to typhoid fever.
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Materials and Methods

Blood samples were obtained from 52 typhoid patients from
Ibn Al-Baladi Hospital in Baghdad, under the approval of the
Ethics Committee of the Institute of Genetic Engineering and
Biotechnology for Postgraduate Studies, University of Bagh-
dad for using human samples of number (2553), patients with
a range of age between (3-48 years), and 52 healthy controls of
the same age and gender. Two ml of blood was taken from each
subject, but in EDTA anticoagulant tubes and subjected to DNA
extraction according to (7) and (8) using the genomic DNA puri-
fication kit (Geneaid /Taiwan), DNA concentration was estimat-

ed using the Nano drop spectrophotometer and measured in(ng\
ul) as well as the purity was estimated according to (7) and (9),
reading the absorbance at a wavelength between 260 and 280
nm. Genotyping for NOD2 Exon 8 (2722 G/C) / rs2066845 and
NRAMPI Intron 4 (469+14 G/C) / rs3731865 single nucleotide
polymorphism (SNP) was carried out using the Nested T-ARMS
PCR method. In brief, it consisted of Taq polymerase and four
primers with two outer nested primers. Two pairs (instead of one
pair) of PCR primers are used to amplify an 8 fragment(outer
forward (OF), outer reverse (OR), inner forward (IF) and inner
reverse (IR) primers. Primers of Nested T-ARMS PCR and their
sequences are listed in tables land 2.

Table 1 Primers of NOD2gene Exon 8 (2722 G/C) SNP rs2066845

Target gene Sequence (57-37) (TCI?) Product size Reference
F AAGTCTGTAATGTAAAGCCAC Designed in
Nested 56 bp 380 this study
R CCCAGCTCCTCCCTCTTC -5
F ACTGCAGAGGGAGGAGGACT
Inner 56 bp 259
R TTCAAAGACCTTCAGAACTGGC
Allele G FG TTGGCCTTTTCAGATTCTCGG 56 bp 182
Allele C RC TCGTCACCCACTCTGTTCCG 56 bp 117
Table 2 Primers of NRAMP1gene Intron 4 (469+14 G/C) SNP rs3731865
Target Sequence 5°-3’ Tm Product size | Reference
gene (C?)
F GATTACAGGGTGAGCTACCAGC Designed in
Nested 56 bp 844 this study
R CTCTCATGTCCCTCTAGGCTATG
F CCGAGGAGTATGCTTGGTTAGA
Inner 56 bp 369
R CGAGACTCCGACTGAAAAACAAA
- Allele FC ATGGTTCTCCCTGTCCACGC 56 bp 245
--Allele RT CTAAGGTGAGCTTGGGCGC 56 bp 161

The ratio of the inner primer to the genotype-specific primer
is 1:10 in a final reaction volume of 50 ul. The Nested T-
ARMS PCR Cycling program DNA was used to detect

NRAMPI1 and NOD2 gene polymorphism, as illustrated in
Table-3.

Table 3: Nested T-ARMS PCR Cycling Program for Human NRAMP1 and NOD2 genes.

Phase Tm (C°) Time Cycles
Initial denaturation 94 5 min 1X
Denaturation 94 30 sec.
Annealing 60 30 sec. 35X
Extension 72 1 min
Final extension 72 5 min 1X
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Agarose gel electrophoresis for Nested T-ARMS PCR prod-
uct has been performed to visualize the PCR product size
after finishing the PCR program using 2% agarose gel. The
genotypes were differentiated by checking the amplicon sizes
with reference to molecular size markers. The SAS (10) sta-
tistical analysis system program was used to detect the effect
of difference factors in the study parameters. The least signif-
icant difference —LSD test (Analysis of Variation-ANOVA)
was used to compare between means and the Chi-square test
which was used to compare between percentage (0.01 prob-
ability) in this study.

Table 4: Distribution of S. typhi according to age groups.

Results

The results of the distribution of S. typhi according to age
revealed that the highest number of typhoid fever infection
was located in the age group (1-10) years that represented
20 patients with a percentage (38.46%) of the total number,
followed by (11-20) years that showed 17 patients with a
percentage (32.70%) , whereas the last three groups seemed
almost equal in the age groups (21-30)years with 6 (11.60%),
and (31-40) years that showed 5 (9.60%), lastly 4(7.70%) for
the age group (41-50) years with a highly significant differ-
ence (P<0.01), as shown in Table (4).

Age groups (year) No. Percentage (%)
1-10 20 38.46
11-20 17 32.70
21-30 6 11.54
31-40 5 9.60
41-50 4 7.70
Total 52 100%
Chi-Square (%) --- 21.653 **
** (P<0.01).

The results of distribution of typhoid fever patients accord-
ingto gender showed that males were 25 (48.08%) and females

was 27 (51.92%), with no significant difference as shown in
table (5).

Table 5: Distribution of patients with S. typhi according to gender

Gender groups No. Percentage (%)
Male 25 48.08%
Female 27 51.92%
Total 52 100%
Chi-Square (%) --- 0.076 NS
NS: Non-Significant.

The result of T-ARMS PCR for the human gene NOD2
152066845 SNP showed that the T-ARMS-PCR product was
divided into four bands: 380 bp represented the nested outer
PCR which served as a DNA template for the inner PCR of
259 bp and 182 bp for the allele (G) and 117 bp for the allele

(C).The wild-type genotype (GG) had only three bands 380,
259 and 182 bp. The heterozygous mutant genotype (GC)
would have four bands of 380, 259, 182 and 117 bp, and ho-
mogenotybe (CC) ‘mutant’ had three bands of 380, 259 and
117 bp as shown in figures (1) and (2).
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RedSafe, V: 5/cm2, Time: 45 minutes, L: DNA ladder.

Figurel: T-ARMS-PCR bands of the human gene NOD2 rs2066845 SNP for the patient. (2%) agarose, DNA
dye is RedSafe, V: 5/cm2, Time: 45 minutes, L: DNA ladder.

Figure2: T-ARMS-PCR bands of the human gene NOD2 rs2066845 SNP for control. 2% agarose, DNA dye is

380bp
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The Genotype GG, which represented as wild type of the
group of patients, was found in only 4 samples that repre-
sented a percentage of 7.69%, when compared to the control
group 51 samples that represented a percentage of 98.08%,
with highly significant (P< 0.01).The genotype GC, the het-
erozygote frequented 27 times in the patient group repre-
sented a percentage of 51.92% and one sample in the control
group represented a percentage of 1.92%, with highly sig-

nificant (P< 0.01), also the genotype CC, was repeated 21
times in the patient group represented a percentage 40.38%,
and was zero for the control group, with highly significant
(P<0.01). The allele frequency of the G allele was 0.34 for
the patient’s group and 0.99 for the control group, the C allele
frequented 0.66 in the patient’s group, as well as for the con-
trol group with a highly significant (P< 0.01) as illustrated
in Table (6).

Table 6 : Genotype and allele frequency of rs2066845 exon 8 (2722 G/C) - NOD2 gene

Genotype\Allele NOD2 gene %)rr:ggl lg‘rt(i)irll)t P value
GG (98.08%)51 (7.69%) 4 **0.0001

GC (1.92%) 1 (51.92%) 27 **0.0001

CC (0.00%) 0 (40.38%) 21 **0.0001

G 0.99 0.34 **0.0001

C 0.01 0.66 **0.0001
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Furthermore, the prevalent genotype genotype of NRAMP1
rs3731865 G/C alleles in S. typhi patient was as fallowed,
The T-ARMS PCR product of these was divided into four
bands: 844 bp represents the nested outer PCR that served
as a DNA template for the inner PCR of of 369 bp and 245
bp for allele G and 161 bp for allele C. The wild type of

genotype GG had only three bands 844, 369 and 245 bp.
The hetero-genotype GC had four bands of 844, 369, 245
and 161 bp. The rs3731865 SNP (CC), which was the mutant
gene, had three bands 844, 369 and 161 bp. The results of T-
ARMS- PCR for the patient and control samples are shown
in figures (3) and (4).
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Figure 3 : T"”ARMS-PCR bands of the human gene NRAMP1 rs3731865 SNP of the group of patients. (2%)
agarose, DNA dye is RedSafe, V: 5/cm2, Time: 45 minutes, L: DNA ladder.

Figure4: T-ARMS-PCR bands of the human gene NRAMP1 rs3731865 SNP of the control group. The gel was
2% and the DNA dye is red Safe V: 5 /cm2, Time: 45 minutes. L: DNA ladder.
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Genotype GG in the patient group was found in 50 out of
52 (96.15%) if compared to the control group 52 (100% ),and
the P value was 0.894 and the differences were not signifi-
cant. The genotype GC, the heterozygote was 1 out of 52 in
patient group represented 1.92% and one in the control group
represented 1.92%, and P value was 0.844, also non-signifi-
cant .The genotype CC, was repeated 1 out of 52 in the pa-
tient group represented 1.92% and the result was zero for the

control group, P value was 0.844 with non-significant differ-
ences. The frequency of the allele was not significant for both
alleles, G=0.97 and (C=0.03) for the patient group and G=1
and C=0.00 for the control group. From the above results,
there were no significant differences between the patient and
the control group, and also no association was concluded be-
tween the severity of typhoid fever and the SNP / rs3731865
SNP of the gene NRAMP1, as shown in Table (7).

104  Traqij. cancer med. genet.

Volume 16 - Number 2 - 2023



Association of Typhoid Fever Severity with NOD2 and NRAMP1 Genes

Table 7: Genotype and allele frequency of the rs3731865 (469+14 G/C) - NRAMP1 gene.

Genotype\Allele NRAMPI Control Patient
P value
gene Group Group
GG 52 (100%) 50(96.15%) 0.894 NS
GC 0(0.00%) 1 (1.92%) 0.844 NS
CcC 0 (0.00%) 1 (1.92%) 0.844 NS
G 1 0.97 NS
C 0.00 0.03 NS
Discussion The NOD2 gene functions as an antibacterial factor that

Typhoid fever is related to the environment, behavior, situ-
ation, and sanitation. The disease could develop to a severe
state in some patients. However, the molecular pathomecha-
nisms of the severity of typhoid fever are not yet clear. The
results of the distribution of S. typhi according to age groups
revealed that the highest number of infections from typhoid
fever was located in the age group (1-10) years, perhaps
due to the lack of awareness of health among children and
young people, in addition to the lack of hygiene conditions in
schools and their health facilities, as well as the case for ado-
lescents and youth, being the group most exposed to street
food and unlicensed food sellers.

Previous studies agreed with current results such as the study
by Britto et al. (4) ,when they suggested that typhoid and high
disease burden among young children and adolescents, chil-
dren were disproportionately affected by the increased inci-
dence seen between 5 and 14 years of age. The Iraqi study
carried out at Erbil Pediatric Hospital by Alchawishli et al
.(11) was in agreement with the present study that showed
that the age of the children was the most infected age catego-
ry with S. typhi,also the study of Saha et al .(12) agreed with
the current study in case typhoid fever was highly significant
with children and the age of the youth. The results of the
distribution of the patients with typhoid fever according to
gender showed that the males were more than without signifi-
cant differences, this findings was consistent with the study
of Haque et al. (13) when they noticed that the frequency
of S. typhi infections was less spread in male patients com-
pared to female with no significant difference in the sample
of children from Bangladesh ,also the study of Banik et al.
(14) found that there was no significant difference between
the gender groups when they studied the association between
typhoid fever with age, sex ,blood phenotypes ABO and Rh
among children in Dhaka, Bangladesh. Nucleotide Oligo-
merization Domain 2 plays an important role in the immune
system, it recognizes bacterial molecules (peptidoglycans)
and stimulates an immune reaction.

limits the survival of intracellular invasive bacteria and cyto-
solic pattern recognition receptors (PRRs) that recognize par-
ticular motifs found in the bacterial peptidoglycan. NOD2
are key bacteria-sensing receptors and are important in the
early response against enteric pathogens, including S. typhi.
Mutations in the NOD2 gene in humans have been associated
with inflammatory disorders, such as typhoid fever. This may
corroborate the significant correlation of the severity of ty-
phoid fever with genetic mutations of the NOD2 gene, while
the protective factor is allele G and the risk factor is allele
C. These findings were considered statically significant. A
previous study by Dwiyanti et al. (5) agreed with the current
results, who found that there was an association between ty-
phoid fever severity and mutations in the Indonesian sample
of the NOD2 gene. Natural resistance-associated macro-
phage proteins, also called solute carrier family 11 member
I(SLC11A1) represent a family of proton/metal transporter
proteins that are evolutionarily conserved across all species,
from bacteria to humans. These facts suggest that NRAMP1
may inhibit intracellular pathogen replication by altering
the phagolysosomal environment. Natural Resistance-As-
sociated Macrophage Protein 1, which is encoded by the
NRAMP-1, encodes a divalent cation transporter protein
which is involved in the control of intraphagosomal micro-
organism replication and macrophage activation.

The NRAMP-1 can play an important role in the biocidal
effects of macrophages.

Polymorphisms of the NRAMP-1 gene have been reported
that are associated with susceptibility to diseases, such as tu-
berculosis, rheumatoid arthritis, sarcoidosis, and type I dia-
betes. Previous studies were in agreement with the current
study such as Dunstan et al.(15) when they found that poly-
morphisms within the NRAMP1 gene were not expressed in
correlation with typhoid fever when they studied typhoid fe-
ver and genetic polymorphisms in NRAMP1. Another study
by Dwiyanti et al. (5) agreed with the current result, which
found that there was no association between the severity of
typhoid fever and polymorphism in the NRAMP1 gene in
an Indonesian sample. Also, the study of Ma et al .(16) was
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consistent with the present study that showed no association
between typhoid fever severity and polymorphism in the
NRAMPI gene when they studied human genetic variation
influences enteric fever progression in Malaysia. The change
in the SNP from G to C will lead to a change in the type of
amino acid produced and included in the protein structure
of the NOD2 receptor, and it is discussed whether the new
amino acid will change the structure of the receptor and its
functional ability.
Conclusions

From the present results, it can be concluded that there was
an association between the presence of the Nod2 (C) allele at
the Exon 8 rs2066845 (2722 G/C) SNP locus with the sever-
ity of typhoid fever, while there was no association between

the presence of NRAMPI at the Intron 4 rs3731865 (469
+ 14 G / C) SNP locus with the severity of typhoid fever.
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