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Abstract---A total of S0 clinical samples were taken from the blood of
typhoid fever patients who visited Al-Hillah Surgical Teaching Hospital
and private laboratories in the AL-Hillah/Babylon region between
February and August 2021. This research included 50 people who
looked to be healthy and disease-free. Genotypes and allele frequency
for rs1974226 showed individuals with two T alleles (homozygous for
the TT) were significantly represented among the patients with typhoid
fever: 14 (28%), P-value = 0.0061, as compared with healthy control
subjects, 6 (12%), and had an increased risk of developing typhoid
fever infection. The IL-17A (C) allele was less frequent among patients
(62%, n =62) than control, and the (T) allele was more frequent among
patients than control (38%, n =38). Genotypes and allele frequency for
rs1974226 showed individuals with genotype TT were significantly
represented among the patients with typhoid fever: 14 (28%), P-value
= 0.0061, as compared with healthy control subjects, 6 (12%), and
had an increased risk of developing typhoid fever infection. The data
has been further examined for each genotype correlated with typhoid
fever under different inheritance models. The results showed that
there was no significant association between any genotype and
typhoid fever under all studies of inheritance models. A highly
interesting nucleic acid polymorphism (SNP) was detected in this
study in the investigated samples, in which cytosine was replaced
with thymine at position 226, namely C226T for the IL-17 gene.
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Introduction

Typhoid fever, which causes diarrhea, enteric fever, and septicemia, is a serious
public health concern in many low- and middle-income countries. The availability
of antibiotic treatment, as well as better water quality and sanitation, are long-
term remedies to this problem, and vaccination in high-risk regions is a viable
control method [1]. Typhoid fever is a potentially lethal illness of the
gastrointestinal tract and circulatory system caused by harmful microorganisms.
Salmonella enterica serotype typhi is a gram-negative, non-capsulated, rod-
shaped, facultative anaerobe of the enterobacteriaceae family with flagella,
somatic, and outer coat antigens that only lives in humans because it is an
infectious illness spread orally through person-to-person contact, contaminated
food, or contaminated water [2,3]. Interleukin 17 (IL-17) is an inflammatory
cytokine and it plays a protective role against infection [4]. IL-17A is produced by
Th17 CD4+ T cells and other leukocytes such as natural killer cells, lymphoid
tissue inducer-like cells, and neutrophils [5]. Single nucleotide polymorphisms in
genes that control DNA mismatch repair, cell cycle regulation, metabolism, and
immunity are linked to a higher risk of cancer [6]. Cytokine polymorphisms in
cytokines change the activity of interleukins and may modify cytokine function,
resulting in cytokine expression disorders [7].

Material and Methods
Blood Samples

Two ml of blood were drawn and stored at -200C in an ethylene di tetra acetic
acid (EDTA) tube for DNA extraction for molecular analysis.

Primers of the IL-117A gene
Primers of IL-17A gene were designated in this study as shown in table (1).

Table (1): Primers of the interleukin-117A gene

Primer Primer sequence 5' to 3' Annealing Product
name temp size
F: 5'-GACCTCATTGGGGGCGGAAA-3' 62.49 C° 301 bp
ZF25 R : 5'-CCATAGTCAGAACCCAGCGTTT-3' 60.62 C°
F : 5'-GGGGAAAATGAAACCCTCCCC-3' 60.90 C° 328 bp
ZF26 R : 5-GGGGCGAAAATGGTTACGATG-3' 59.94 C°

DNA extraction

Genomic DNA from blood samples was extracted by using the Genomic DNA Kit
extraction kit protocol (Frozen Blood), Favorgen, Taiwan, and done according to
company instructions.
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DNA concentration

The extracted blood genomic DNA was checked by wusing a Nanodrop
spectrophotometer, which measured DNA concentration and checked the DNA
purity by reading the absorbance

Results and Discussion

DNA purity and concentration

The extraction of DNA from samples of whole blood was successfully extracted

and the concentration of DNA was ranged between (20-195 ug/ml) and the purity
of DNA was ranged between (1.7-2.0) as shown in figure (1).

Figure (1): Electrophoresis of DNA extracted from blood samples, 1% agarose gel,
S volts/cm for 1 hr.

PCR of IL-17A gene
All the 50 confirmed positive cases and the 50 control subjects were submitted to

PCR for the detection of IL-17A by using specific primers as shown in figures (2)
and (3).
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Figure (3): Agarose gel electrophoresis of IL-17A2
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Detection of IL-17A Genotyping by SSCP-PCR
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Figure (4): Silver stained polyacrylamide gel of PCR-SSCP for rs1974226
genotyping

Lane L DNA ladder, 100 bp, 9, 11, and 13 in an A pattern. Lane 16 has a C
pattern, while the other lanes have a B pattern. The DNA sequence analysis
reveals that pattern A, B, and C represent the CT, CC, and TT genotypes of
rs1974226, respectively.

Association of rs1974226 with Genotypes and Allele Frequency

According to the results, individuals with two T alleles (homozygous for the TT)
were significantly represented among the patients with typhoid fever: 14 (28%), P-
value=0.0061, as compared with healthy control subjects, 6 (12%), and had an
increased risk of developing typhoid fever infection. The IL-17A (C) allele was less
frequent among patients (62%, n=62) than control, and the (T) allele was more
frequent among patients than control (38%, n =38), table (2).

Table (2): Genotypes and allele frequency for rs1974226 in typhoid fever patients
and controls

Genotype Healthy Patient 0Odd ratio
variation (n=50) (n=50) P-value (C.I1 95%)

CcC 28 (56%) 26 (52%) 0.67 0.735 (0.350-1.150)

CT 16 (32%) 10 (20%)

TT 6 (12%) 14 (28%)

0.0061 1.576 (0.870-2.856)
Allele
Frequency

Allele type Healthy (n=50) Patient (n=50)

C 72 (72%) 28 (28%)
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T | 62 (62%) | 38 (38%)

The data has been further examined for each genotype correlated with typhoid
fever under different inheritance models. The results showed that there was no
significant association between any genotype and typhoid fever under all studies
of inheritance models as shown in table (3).

Table (3): Association of rs1974226 genotypes under different models of

Inheritance
Model Genotype | Control Case OR (C.I 95%) P-value
Codominant c/C 28 (56%) | 26 (52%) 1.00
0.092
C/T 16 (32%) | 10 (20%) 0.67 (0.26-1.75)
T/T 6 (12%) 14 (28%) 2.51 (0.84-7.51)
Dominant c/C 28 (56%) | 26 (52%) 1.00 0.69
C/T-T/T | 22 (44%) | 24 (48%) 1.17 (0.53-2.58)
Recessive C/C-C/T | 44 (88%) | 36 (72%) 1.00 0.043
T/T 6 (12%) 14 (28%) 2.85 (1.00-8.17)
Over C/C-T/T | 34 (68%) | 40 (80%) 1.00 0.17
dominant
C/T 16 (32%) | 10 (20%) 0.53 (0.21-1.32)

The findings appear to support the link between the T/T genotype and
susceptibility to typhoid fever. Th17 cells express IL-17A and IL-17F, which are
involved in coordinating local tissue inflammation [8,9]. Polymorphisms in IL-17
cytokines alter interleukin activity and may alter cytokine function, resulting in
dysregulation of IL-17 expression [7]. Because IL-17 is thought to be an important
pro-inflammatory factor, many studies of IL-17 SNPs and susceptibility have
focused on inflammation-related diseases [10]. A few studies have looked into the
role of IL-17 SNPs in breast cancer susceptibility [11], and studies of gastric
cancer have mostly focused on rs2275913 but have yielded contradictory results
[12, 13]. Other studies have found that the IL-17 polymorphism plays an
important role in many autoimmune diseases [14], when found that the IL-17
rs2275913 and rs3819024 variant alleles were associated with a lower risk of
rheumatoid arthritis, while the IL-17 rs3819025 and rs8193036 variant alleles
were associated with an increased risk of rheumatoid arthritis. The rs1974226
SNP was linked to an increased vulnerability to gram-positive infections. In two
sepsis cohorts, patients with the rs1974226 GG genotype were more vulnerable to
gram-positive infection than patients with the AG/AA genotype, and in the
subgroup with lung infection, the IL17A rs1974226 G allele was related with
greater 28 day mortality of severe sepsis [15]. Previous research indicated that the
T allele of rs1974226 in IL17A was related to asthma, and that other genetic
variations in the IL17 pathway genes were connected with both protection and
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risk for asthma development with IgE levels[16]. According to Ahmed Ali et al.
(2018), no significant association was found between IL-17 rs1974226 genotypes
and related serum cytokine levels, implying that elevated serum IL-17 may
increase the susceptibility to septic complications in polytrauma patients and
thus could be a useful biomarker for trauma patient management [17]. There is
mounting evidence that the IL-17 gene single nucleotide polymorphism (SNP)
rs1974226 is linked to gram-positive bacterial resistance and susceptibility to
infectious and noninfectious illnesses [18].

References

1. Antillén, M.; Warren, J.; Crawford, F.; Weinberger, D. Kurtim, E.; Pak, G.;
Marks, F. and Pitzer, V. (2017). The burden of typhoid fever in low and
middle income countries: A meta-regression approach. PLoS neglected
tropical diseases. 11(2), e0005376.

2. Pouzol, S.; Tanmoy, A.; Ahmed, D.; Khanam, F.; Brooks, W.; Bhuyan, G.;
Fabre, L.; Bryant, J.; Gustin, M.; Vanhems, P.; Carman, B.; Weill, F.; Qadri,
F.; Saha, S. and Endtz, H. (2019). Clinical evaluation of a multiplex PCR for
the detection of Salmonella enterica serovars typhi and paratyphi A from
blood specimens in a high endemic setting. Am. J. Trop. Med. Hyg. 101(3):
513-520.

3. Phetsavanh, C.; Mayfong, M.; Phouthapanya, X.; Tamalee, R.; Sayaphet, R.;
Manivanh, V.; Paul, N. and John, A. (2020). Estimation of incidence of
typhoid and paratyphoid fever in Vientiane, Lao People’s Democratic
Republic. Am. J. Trop. Med. Hyg. 102(4), pp. 744-748.

4. Amatya, N.; Garg, A. V. and Gaffen, S. L. (2017). IL-17 signaling: the yin
and the yang. Trends Immunol. 38:310-22.

5. McGeachy, M. J.; Cua, D. J. and Gaffen, S. L. (2019). The IL-17 family of
cytokines in health and disease. Immunity. 50(4), 892-906.

6. Ulaganathan, V. K.; Sperl, B.; Rapp, U. R. and Ullrich, A. (2015). Germline
variant FGFR4 p. G388R exposes a membrane-proximal STAT3 binding site.
Nature. 528(7583), 570-574.

7. Ishigame, H.; Kakuta, S.; Nagai, T.; Kadoki, M.; Nambu, A.; Komiyama, Y.
and Sudo, K. (2009). Differential roles of interleukin-17A and-17F in host
defense against mucoepithelial bacterial infection and allergic responses.
Immunity. 30(1), 108-119.

8. Park, J. W.; Choi, J. S.; Han, K. J.; Lee, S. H.; Kim, E. J. and Cho, J. H.
(2018). Association of a genetic polymorphism of ILIRN with risk of acute
pancreatitis in a Korean ethnic group. The Korean journal of internal
medicine. 33(6), 1103-1110.

9. Lee, D. Y.; Hong, S. W.; Chang, Y. G.; Lee, W. Y. and Lee, B. (2013). Clinical
significance of preoperative inflammatory parameters in gastric cancer
patients. Journal of gastric cancer. 13(2), 111-116.

10. Zhang, X.; Yu, P.; Wang, Y.; Jiang, W.; Shen, F.; Wang, Y. and Zhang, H.
(2013). Genetic polymorphisms of interleukin 17A and interleukin 17F and
their association with inflammatory bowel disease in a Chinese Han
population. Inflammation Research. 62(8), 743-750.

11. Slattery, M. L.; Herrick, J. S.; Torres-Mejia, G.; John, E. M.; Giuliano, A. R.;
Hines, L. M.; Stern, M. C.; Baumgartner, K. B.; Presson, A. P. and Wolff, R.
K. (2014). Genetic variants in interleukin genes are associated with breast



12.

13.

14.

15.

16.

17.

18.

1633

cancer risk and survival in a genetically admixed population: the Breast
Cancer Health Disparities Study. Carcinogenesis. 35(8), 1750-1759.
Qinghai, Z.; Yanying, W.; Yunfang, C.; Xukui, Z. and Xiaoqgiao, Z. (2014).
Effect of interleukin-17A and interleukin-17F gene polymorphisms on the
risk of gastric cancer in a Chinese population. Gene. 537(2), 328-332.

Wu, X.; Zeng, Z.; Chen, B.; Yu, J.; Xue, L.; Hao, Y. and Hu, P. (2010).
Association between polymorphisms in interleukin-17A and interleukin-17F
genes and risks of gastric cancer. International Journal of Cancer. 127(1),
86-92.

Shen, L; Zhang, H.; Yan, T.; Zhou, G. and Liu, R. (2015). Association
between interleukin 17A polymorphisms and susceptibility to rheumatoid
arthritis in a Chinese population. Gene .566: 18-22.

Nakada, T. A.; Russell, J. A.; Boyd, J. H. and Walley, K. R. (2011). IL17A
genetic variation is associated with altered susceptibility to Gram-positive
infection and mortality of severe sepsis. Critical care (London, England),
15(5), R254.

Silva, M. J.; de Santana, M.; Tosta, B. R.; Espinheira, R. P.; Alcantara-
Neves, N. M.; Barreto, M. L.; Figueiredo, C. A. and Costa, R. (2019). Variants
in the IL17 pathway genes are associated with atopic asthma and atopy
makers in a South American population. Allergy, asthma, and clinical
immunology: official journal of the Canadian Society of Allergy and Clinical
Immunology. 15, 28.

Ahmed Ali, M.; Mikhael, E. S.; Abdelkader, A.; Mansour, L.; El Essawy, R.;
El Sayed, R.; Eladawy, A. and Mukhtar, A. (2018). Interleukin-17 as a
predictor of sepsis in polytrauma patients: a prospective cohort study.
European journal of trauma and emergency surgery : official publication of
the European Trauma Society. 44(4), 621-626.

Schwarzenberger, P.; Huang, W.; Ye, P.; Oliver, P.; Manuel, M.; Zhang, Z.;
Bagby, G.; Nelson, S. and Kolls, J. K. (2000). Requirement of endogenous
stem cell factor and granulocyte-colony-stimulating factor for IL-17-
mediated granulopoiesis. Journal of immunology (Baltimore, Md. : 1950),
164(9), 4783-4789.



