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Abstract

Background: The importance of influenza is increasing mainly because of the appearance of novel pandemic
strains such as swine and avian. Each year, influenza has spread around the world causing about 250,000–500,000
deaths and more than 5 million cases of severe illness.
The objective is as follows: evaluating the outcomes of patients with influenza A (H1N1) virus in relation to certain
TNF-308, IL6, and IL8 polymorphisms and identifying the associated factors with the severe outcome.

Subject and methods: This is a case–control study. The cases were patients confirmed by real-time polymerase
chain reaction (RT-PCR) to be influenza A (H1N1) virus infected. The controls were healthy individuals. Medical
history and outcome of the disease was registered. In all study participants, polymorphisms of TNF rs1800629, IL6
rs18138879, and IL8 rs4073; odds ratio (OR); and the 95% confidence interval (95% CI) were calculated.

Results: Infection with influenza A (H1N1) virus was associated more with the following genotypes: TNF-308 AA
(OR = 4.041; 95% CI = 1.215–13.4) and IL8 AA (OR = 3.273; 95% CI = 1.372–7.805). According to our study results, HCV
(OR = 3.2, 95% CI 1.2–8.5), renal disease (OR = 3.4, 95% CI 0.9–13.6), cancer (OR = 3.1, 95% CI 0.3–31.1), TB (OR = 8.4,
95% CI 1.8–39.7), ICU (OR = 2.9, 95%1.2–7.1), and mortality (OR = 7.9, 95% CI 0.9–67.4) are considered as risk factors
for influenza A (H1N1)-infected patients.

Conclusions: Our findings concluded that TNF-308 (AA) and IL8 (AA) polymorphisms may increase the
susceptibility to be infected with H1N1influenza virus.
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Background
Influenza is an acute and contagious viral respiratory infec-
tion that affects 5–10% of adults and 20–30% of children,
reaching 290,000–650,000 deaths annually worldwide
(Iuliano, Roguski, & Chang et al., 2018).
There are three types of influenza viruses: types A and

B cause epidemic disease in humans on an annual basis,
while type C causes only sporadic disease. Type A influ-
enza viruses are further subtyped based on differences in
the surface glycoproteins hemagglutinin (HA) and neur-
aminidase (NA). Sixteen subtypes of HA and nine of NA
circulate in wild aquatic birds (Lexau et al., 2005).

To identify risk factors for severe disease, and hence to
determine the optimal case management and prevention,
more clinical and treatment data of influenza A (H1N1)
virus are needed.
The secretion of cytokines by infected cells appears to

be necessary for the initiation of the immunological re-
sponse that controls the replication of the virus (Michae-
lis, Doerr, & Cinatl, 2009). In addition, the presence of
immunopathological mechanisms, such as hypercytoki-
nemia (“cytokine storm”), generally is considered to con-
tribute to the severest evolution of the infection
(Mainers et al., 2008; Michaelis et al., 2009).
Elevated levels of pro-inflammatory cytokines and che-

mokines (e.g., TNFα, IFNγ, IL-1, IL-6, IL-8, IL-9, IL-12
IL-15, and IL-17) have been found, up to 10 days after
the onset of symptoms, in the plasma of patients with
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acute respiratory distress syndrome (ARDS) caused by
influenza A/H1N1 (Bermejo-Martin et al., 2009; To
et al., 2010; Hagau et al., 2010).
The genes that code for these molecules are poly-

morphic, and certain alleles have been associated with
susceptibility to various diseases that cover a wide range
of pathologies, from infectious to oncological, including
pulmonary and systemic diseases (Paskulin et al., 2011;
Wang et al., 2010).
The role of polymorphism of the genes encoding these

cytokines in the severity of the disease is not clear. The ex-
tensive polymorphism of these molecules may be associated
with the high mortality rate during the 2009 influenza A/
H1N1 pandemic in Mexico. That genetic factor of the host
may influence the nature and intensity of the inflammatory
immune response (Morales-García et al., 2012).

Materials and methods
We aimed to detect the relationship between poly-
morphism of tumor necrosis factor-308 (TNF-308),
interleukin 6 (IL6), and interleukin 8 (IL8) and severity
of patients infected with influenza A (H1N1) virus.The
nasopharyngeal swab and blood specimens used in this
study were received from the Clinics of Medicine, Sur-
gery and Gynecology Departments, Ain Shams Univer-
sity Hospitals, from November 2014 to May 2017.The
study was reviewed and approved by the Faculty of
Medicine Ain Shams University Ethical Committee. The
specimens were collected from 200 patients who were
suspected to be infected with influenza virus (influenza-
like illness (ILI)). The nasopharyngeal swabs were imme-
diately kept at 4 °C in viral transport media (VTM) con-
sisting of HBSS (Hanks’ Balanced Salt Solution 1X),
HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid 1M), CaCl2, MgCl2, Pen Strep (Pencilin Steptomy-
cin), and albumin from bovine serum. Specimen were
immediately transported to the Molecular Biology Re-
search Unit laboratories in Medical Ain Shams Research
Institute (MASRI) as fast as possible for molecular
examination by real-time polymorphism chain reaction
(RT-PCR) according to CDC (2009) protocol to confirm
or exclude infection by H1N1 influenza besides sub-
typing which were done for H1N1-positive cases.
For high cost of reagents of amplification, 50 patients

positive for H1N1virus (group I) and 50 patients nega-
tive for H1N1virus (influenza-like illness (ILI)) (group II)
were randomly chosen. To detect polymorphisms of
TNF-308, IL6, and IL8, RT-PCR amplification was used.
Genomic DNA was extracted from blood samples

coated with EDTA from group I and group II. Another
50 blood samples were collected from healthy individ-
uals to be used as control cases (group III).
Severity index was defined by assigning 1 point to each

of the following: use of supplemental oxygen, duration

of hospital stay ≥ 5days, partial pressure of oxygen
(PaO2), and admission to an intensive care unit and mortal-
ity, based on variables reported in previous studies (Marti-
nello, Chen, Weibel, & Kahn, 2002; Gilca et al., 2006).
Written informed consent, demographic characteris-

tics, clinical history, and radiographic data were col-
lected for all patients from patient’s sheets.

SNPs typing
Genomic DNA was isolated from the blood using a
DNA extraction kit following the manufacturer’s stand-
ard protocol (QIAGEN diagnostic, USA).
Genotyping of DNA samples was done for TNF-308

(rs1800629), IL6 (rs1818879), and IL8 (rs4073) polymor-
phisms using TaqMan commercial probes (Applied Bio-
systems, USA).
The protocol for RT-PCR was as follows: 15 ng DNA,

15 μL of TaqMan universal PCR master mix, and 6.5 μL
of each probe:

� TNF (rs1800629): GAGGCAATAGGTTTTGAG
GGGCATG [A/G] GGACGGGGTTCAGC
CTCCAGGGTCC.

� IL6 (rs1818879): AGACGAGCTGGGCGCAGT
GGCTCAC [A/G] CCTATAATCCCAGC
ACTTTGGGAGG

� IL8 (rs4073): TTATCTAGAAATAAAAAA
GCATACA [A/T] TTGATAATTCACCAAAT
TGTGGAGC.

The amplification recommended by Morales-García
et al. (2012) was as follows: 94 °C (3 min), 61 °C (1 min),
and 72 °C (1 min), followed by 35 cycles of 94 °C (1
min), 61 °C (1 min), and 72 °C (1 min,), and a final cycle
of 94 °C (1 min),61 °C (1 min), and 72 °C (5 min).

Statistical analysis
Data were analyzed using Statistical Program for Social
Science (SPSS) version 20.0 (SPSS, Chicago, IL, USA).
Quantitative data were expressed as mean ± standard de-
viation (SD). Qualitative data were expressed as fre-
quency and percentage. An independent-samples t test
of significance was used to compare between two sample
means. A one-way analysis of variance (ANOVA) was
used to compare means of two or more sample means.
Chi-square (χ2) test of significance was used in order to
compare proportions between two qualitative parame-
ters. Binary logistic regression was used to predict the
outcome of categorical variable based on one or more
predictor variables.
The confidence interval was set to 95%, and the mar-

gin of error was set to 5%. So, the p value was consid-
ered significant as the following: probability (p value) <

Elsayed et al. The Journal of Basic and Applied Zoology           (2019) 80:61 Page 2 of 6



0.05 was considered significant and p value > 0.05 was
considered insignificant.

Results
The patients were separated into positive influenza A
(H1N1) virus (group I) and negative influenza A (H1N1)
virus (group II) besides healthy individuals to be used as
control (group III).
In group I, 33 (66%) of patients infected with positive in-

fluenza A (H1N1) were males and 17 (34%) were females
with a mean age of 44.14 ± 7.33 years (Table 1). In group
II, 22 (44%) were males and 28 (56%) were females with a
mean age of 44.54 ± 7.12 years. In group III, 19 (38%) were
males and 31(62%) were females with a mean age of
37.22 ± 6.33 years. Typical signs and symptoms of flu-like
illness such as fever, sore throat, and cough were signifi-
cantly more common among group I. Also, vomiting was
significantly more common among group I. HCV was

higher for patients in group I than for those in group II
(34% vs.14%, respectively, p = 0.19).
The mortality was higher for patients in group I than for

those in group II (14% vs. 2%, respectively, p = 0.027). We
observed severity of the disease (PaO2 < 60mmHg) in 78%
of patients in group I and in 54% in group II, although
there was no statistically significant difference (p = 0.68).
Eighty percent of patients in group I warranted admission
to the intensive care unit (ICU), a statistically significant
difference found when compared with group II (p =
0.017). Sixty percent of patients in group I had radiological
signs of pulmonary compromise, statistically significant
when compared with group II (p = 0.03).
Regression analysis of clinical data in group I and

group II showed risk association with disease susceptibil-
ity and infection by A (H1N1) (Table 2).
Carriers of A allele TNF-308 had an increased risk of

becoming infected with A (H1N1) virus (odds ratio,

Table 1 Demographical and clinical characteristics of group I, group II, and group III

Parameters Group I (n = 50) Group II (n = 50) Group III (n = 50) p value

Age (years, mean ± SD) 44.14 ± 7.33 44.54 ± 7.33 37.22 ± 6.33 0.001*

Sex (male/female%) (66%/34%) (44%/56%) (38%/62%) 0.013*

HCV 17 (34.0%) 7 (14.0%) 0.019*

Renal disease 9 (18.0%) 3 (6.0%) 0.065

Respiratory disease 20 (40.0%) 8 (16.0%) 0.265

CVD 10 (20.0%) 11 (22.0%) 0.806

Hypertension 9 (18.0%) 11 (22.0%) 0.617

Cancer 3 (6.0%) 1 (2.0%) 0.307

Diabetes 40 (80.0%) 15 (30.0%) 0.624

TB 13 (26.0%) 2 (4.0%) 0.976

Smoking history 11 (22.0%) 19 (38.0%) 0.081

PaO2 39 (78.0%) 27 (54.0%) 0.686

Mortality 7 (14.0%) 1 (2.0%) 0.027*

ICU 40 (80.0%) 29 (58.0%) 0.017*

Chest X-ray

Infiltrate 7 (14%) 19 (38.0%) 0.012*

Consolidation 30 (60%) 14 (28.0%) 0.003*

Chest infection 8 (16%) 11 (22.0%) 0.601

Others 5 (10%) 6 (12.0%) 0.976

Fever 48 (96%) 30 (60%) 0.00*

Cough 39 (78%) 19 (38.0%) 0.004*

Sputum 50 (100.0%) 50 (100.0%) 1.000

Sore throat 45 (90) 34 (68) 0.007*

Headache 35 (70) 42 (84) 0.096

Dyspnea 10 (20) 5 (10) 0.161

Diarrhea 15 (30) 10 (18.5) 0.248

Vomiting 10 (20) 2 (0.04) 0.0138

SD standard deviation, CVD cardiac vascular disease, PaO2 partial pressure of oxygen, ICU intensive care unit, HCV hepatitis C virus
*p values are significant
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OR = 2.49), and this risk was higher for TNF-308 AA
homozygous genotype (OR = 4.04). On the other hand,
our findings demonstrated the existence of TNF-308 GG
with association to protection (p < 0.05, OR ≤ 1.0). IL8A
allele showed statistically significant association with in-
fection (odds ratio = 2.2), and IL8 AA homozygous geno-
type had a statistical significance with an elevated OR of
3.27. In IL6, neither allelic nor genotypic analysis
showed any association with infection (Table 3).

Discussion
We examined polymorphisms in TNF-308, IL-8, and IL-6.
These polymorphisms have been previously associated
with inflammatory status in various diseases or with mor-
tality following influenza A (H1N1) virus infection (Melk
et al., 2003; Patel et al., 2010).
TNF-308 polymorphisms have been shown to be key

acute-phase cytokine polymorphisms that are involved

in inflammation in several infections. However, the in-
fluence of these polymorphisms on cytokine production
induced by respiratory viruses is not well described
(Tang, Li, Wu, Shyr, & Edwards, 2007).
The present results indicated that the TNF-308 A al-

lele and A/A genotype were associated with a higher risk
of infection by influenza A/H1N1, while the homozy-
gous TNF-308G/G genotype had a trend toward being
associated with protection from infection. This was in
agreement with Joel et al. (2013) who found that the
TNF-308 carriers of A allele and AA genotype were as-
sociated with susceptibility to influenza infection. By
contrast, a study conducted by Antonopoulou, Baziaka,
Tsaganos, Raftogiannis, and Koutoukas (2012) found no
role of TNF308 in influenza infection. In our results, we
found in group I a significant relation between TNF ge-
notypes and diabetes, TB, HCV, renal disease, respira-
tory disease, cardiovascular disease (CVD), chest X-ray,
mortality, and ICU hospitalization and noted an increase
of severity illness in patients with TNF-308 AA homozy-
gous genotype carriers.
We found no association between IL6 and infection on

either allelic or genotypic analysis. On the other hand, we
found a significant association of the IL6 with these clin-
ical diseases (TB, renal disease, respiratory disease, CVD)
in group I. This was in agreement with the earlier studies
(Joel et al., 2013; Kaiser, Fritz, & Straus, 2001; Shen, Hou,
& Chen, 2011). But these were in contrast to study done
by Morales-García et al. (2012) who found no association
with the IL6 and the clinical disease.
The AA genotype and A allele of the IL-8 is related to

patient susceptibility to parenchymal infection and is
correlated with the severity of infection in pediatric
acute pyelonephritis (Cheng, Lee, Tsau, et al., 2011).
Interestingly, the T>A polymorphism has recently been
reported to be a risk factor of other lung diseases, in-
cluding bronchial asthma (Heinzmann, Ahlert, Kurtz,
Berner, & Deichmann, 2004) and bronchiolitis caused by

Table 2 Risk of influenza A/H1N1 infection in relation to clinical
data

Clinical data Group I vs. group II

χ2 p value Odds ratio (95% CI)

HCV 5.5 0.001* 3.2 (1.2–8.5)

Renal disease 3.4 0.032* 3.4 (0.9–13.6)

Respiratory disease 7.1 0.004* 3.5 (1.4–9.0)

CVD 0.1 0.403 0.9 (0.3–2.3)

Hypertension 0.3 0.308 0.8 (0.3–2.1)

Cancer 1.0 0.155 3.1 (0.3–31.1)

Diabetes 25.2 0.0002* 9.3 (3.7–23.4)

TB 9.5 0.001* 8.4 (1.8–39.7)

Smoking history 3.0 0.040* 0.5 (0.2–1.1)

PaO2 6.4 0.006* 0.3 (0.1–0.8)

Mortality 4.9 0.014* 7.9 (0.9–67.4)

ICU 5.7 0.009* 2.9 (1.2–7.1)

*p values are significant

Table 3 Comparison of genotypic and allelic frequencies of studied genes between group I and group III

Gene Genotype Group I vs. group III

p value Odds ratio (95% CI) OR allelic (95% CI)

TNF308 GG 0.002* 0.28 (0.1–0.69) A allele 2.49 (1.40–4.44) G allele 0.40 (0.23–0.71)

AG 0.21 1.38 (0.63–3.0)

AA 0.00* 4.041 (1.215–13.4)

IL8 TT 0.066 0.4633 (0.17–0 .28) A allele 2.2 (1.24–.90) T allele 0.45 (0.26–0.81)

AT 0.07 0.57 (0.26–1.3)

AA 0.00* 3.23 (1.3–7.81)

IL6 GG 0.41 0.91 (0.39–2.13) A allele 1.179 (0.6718–2.068) G allele 0.8485 (0.4837–1.489)

AG 0.34 0.85 (0.4–1.9)

AA 0.20 1.61 (0.5–4.9)

*p values are significant
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respiratory syncytial virus (Hacking et al., 2004; Hull,
Thomson, & Kwiatkowski, 2000). It is interesting to
mention that, even though we did not find any signifi-
cant relation between the IL8 polymorphism and mor-
tality, those with IL8A allele or AA homozygous
genotype had an increased risk of becoming infected
with influenza A (H1N1) virus. Like the study done by
Yu et al. (2011), we found some diseases that might de-
termine whether the patient would be infected or have a
more aggressive disease. Among them were diabetes,
HCV, TB, renal disease, and respiratory disease.
The clinical features of our hospitalized patients in-

fected with influenza A (H1N1) virus (group I) included
fever, cough, and sore throat which were generally simi-
lar to other reports, whereas the incidence of gastro-
intestinal symptoms such as vomiting and diarrhea were
much lower than those previously reported (BinSaeed,
2010; Cao et al., 2009; Ruef, 2007; Webb et al., 2009).
The eight mortality cases in our study were distributed

as follows: one case from group II and seven in group I.
We observed that patients who died with a severe clin-
ical course and up to ICU were more in the H3N2 sub-
type of A (H1N1).
Our study has limitations because of expensive cost of

the reagents used and the sample size; however, in spite of
the reduced number of patients studied, we were able to
observe that single-nucleotide polymorphisms (SNPs)
showed significant differences in the distribution of geno-
types in terms of infection, mortality, and analytical data
between cases and controls, strongly suggesting that they
are associated with the disease. The study of these poly-
morphisms could predict the behavior that the infection
will bring during future outbreaks in our country.
In conclusion, it was concluded that TNF-308 (AA)

and IL8 (AA) polymorphisms increase the susceptibility
to be infected with the influenza A (H1N1) virus. Gen-
etic variants within genes involved in the inflammatory
process could have contributed to the differences in clin-
ical behavior of the infection in different parts of the
country during the influenza H1N1 outbreak, thus lead-
ing to more severe disease and higher mortality.

Abbreviations
ARDS: Acute respiratory distress syndrome; CDC: Center for Disease Control
and Prevention; CVD: Cardiovascular disease; HBSS: Hanks’ Balanced Salt
Solution 1X; HCV: Hepatitis C virus; HEPES: 4-(2-Hydroxyethyl)-1-
piperazineethanesulfonic acid 1M; ICU: Intensive care unit; IL6: Interleukin 6;
PaO2: Partial pressure of oxygen; SNPs: Single-nucleotide polymorphisms;
TNF-308: Tumor necrosis factor-308; VTM: Viral transport media

Acknowledgements
This work was carried out at Molecular Biology Department of Medical Ain
Shams Research Institute (MASRI), Ain Shams University. We would like to
thank the medical staff in the Clinics of Medicine, Surgery and Gynecology
Departments, Ain Shams University Hospitals, for their assistance. We thank
all individuals who provided their data, the nasopharyngeal swab, blood
sample, and consent for analysis.

Authors’ contributions
SME, OMH, and NHAH contributed to the design of the study. SME wrote
the paper and carried out the practical part under the supervision of OMH.
NHAH and OMH checked the grammar and spelling. All authors read and
approved the final manuscript.

Funding
Not applicable

Availability of data and materials
The relevant data and materials are available in the present study.

Ethics approval and consent to participate
The study was approved by Faculty of Medicine, Ain Shams University Ethical
Committee.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details
1Molecular Biology & Epigenetics, Faculty of Medicine, Medical Ain Shams
Research institute (MASRI), Ain Shams University Hospitals, Cairo, Egypt.
2Molecular Biology Department, Faculty of Medicine, Ain Shams Research
Institute (MASRI), Ain Shams University Hospitals, Cairo, Egypt. 3Department
of Zoology, Faculty of Science, Ain Shams University, Cairo, Egypt.

Received: 27 May 2019 Accepted: 2 October 2019

References
Antonopoulou, A., Baziaka, F., Tsaganos, T., Raftogiannis, M., & Koutoukas, P.

(2012). Role of tumor necrosis factor gene single nucleotide polymorphisms
in the natural course of 2009 influenza A H1N1 virus infection. International
Journal of Infectious Diseases, 16(3), e204–e208.

Bermejo-Martin, J. F., De Lejarazu, R. O., Pumarola, T., Rello, J., Almansa, R.,
Ramirez, P., et al. (2009). Th1 and Th17 hypercytokinemia as early host
response signature in severe pandemic influenza. Critical Care, 13, R201.

BinSaeed, A. A. (2010). Characteristics of pandemic influenza A (H1N1) infection in
patients presenting to a university hospital in Riyadh, Saudi Arabia. Annals of
Saudi Medicine, 30(1), 59–62.

Cao, B., Li, X. W., Mao, Y., Wang, J., Lu, H. Z., Chen, Y. S., et al. (2009). National
Influenza A Pandemic (H1N1) 2009 Clinical Investigation Group of China:
Clinical features of the initial cases of 2009 pandemic influenza A (H1N1)
virus infection in China. The New England Journal of Medicine, 361(26), 2507–
2517.

Cheng, C. H., Lee, Y. S., Tsau, Y. K., et al. (2011). Genetic polymorphisms and
susceptibility to parenchymal renal infection among pediatric patient. The
Pediatric Infectious Disease Journal, 30, 309–314.

Gilca, R., De Serres, G., Tremblay, M., Vachon, M. L., Leblanc, E., & Bergeron, M. G.
(2006). Distribution and clinical impact of human respiratory syncytial virus
genotypes in hospitalized children over 2 winter seasons. The Journal of
Infectious Diseases, 193, 54–58.

Hacking, D., Knight, J. C., Rockett, K., Brown, H., Frampton, J., Kwiatkowski, D. P.,
et al. (2004). Increased in vivo transcription of an IL-8 haplotype associated
with respiratory syncytial virus disease-susceptibility. Genes and Immunity, 5,
274–282.

Hagau, N., Slavcovici, A., Gonganau, D. N., Oltean, S., Dirzu, D. S., Brezoszki, E. S.,
et al. (2010). Clinical aspects and cytokine response in severe H1N1 influenza
A virus infection. Critical Care, 14, R203.

Heinzmann, A., Ahlert, I., Kurtz, T., Berner, R., & Deichmann, K. A. (2004).
Association study suggests opposite effects of polymorphism within IL8 on
bronchial asthma and respiratory syncytial virus bronchiolitis. The Journal of
Allergy and Clinical Immunology, 114, 671–677.

Hull, J., Thomson, A., & Kwiatkowski, D. (2000). Association of respiratory syncytial
virus bronchiolitis with the interleukin 8 gene region in UK families. Thorax,
55, 1023–1027.

Elsayed et al. The Journal of Basic and Applied Zoology           (2019) 80:61 Page 5 of 6



Iuliano, A. D., Roguski, K. M., Chang, H. H., et al. (2018). Estimates of global
seasonal influenza-associated respiratory mortality: a modelling study. Lancet,
391, 1285–1300.

Joel, M. O., Angélica, O. D., Tobías, S. D., Jesús, R. G., Cynthia, T. A., Fernando, M. H.
, et al. (2013). Plasma cytokine levels and cytokine gene polymorphisms in
Mexican patients during the influenza pandemic A (H1N1) pdm09. Journal of
Clinical Virology, 58, 108–113.

Kaiser, L., Fritz, R. S., & Straus, S. E. (2001). Symptom pathogenesis during acute
influenza: interleukin-6 and other cytokine responses. Journal of Medical
Virology, 64, 262–268.

Lexau, C. A., Lynfield, R., Danila, R., Pilishvili, T., Facklam, R., Farley, M. M., & Hadler,
J. (2005). Changing epidemiology of invasive pneumococcal disease among
older adults in the era of pediatric pneumococcal conjugate vaccine. The
Journal of the American Medical Association, 294(16), 2043–2051.

Mainers, T. R., Szretter, K. J., Perrone, L., Belser, J. A., Bright, R. A., Zeng, H., et al.
(2008). Pathogenesis of emerging avian influenza viruses in mammals and
the host innate immune response. Immunological Reviews, 225, 68–84.

Martinello, R. A., Chen, M. D., Weibel, C., & Kahn, J. S. (2002). Correlation between
respiratory syncytial virus genotype and severity of illness. The Journal of
Infectious Diseases, 186, 839–842.

Melk, A., Henne, T., Kollmar, T., Strehlau, J., Latta, K., & Offner, G. (2003). Cytokine
single nucleotide polymorphisms and intrarenal gene expression in chronic
allograft nephropathy in children. Kidney International, 64, 314–320.

Michaelis, M., Doerr, H. W., & Cinatl, J. (2009). Of chickens and men: avian
influenza in humans. Current Molecular Medicine, 9, 131–151.

Morales-García, G., et al. (2012). Pandemic influenza A/H1N1 virus infection and
TNF, LTA, IL1B, IL6, IL8, and CCL polymorphisms in Mexican population: a
case–control study. BMC Infectious Diseases, 12, 299.

Paskulin, D. D., Fallavena, P., Paludo, F., Borges, T., Picanco, J., Dias, F., et al. (2011).
TNF _308G>a promoter polymorphism (rs1800626) and outcome from
critical illness. The Brazil Journal Infectious Diseases, 15, 231–238.

Patel, J. A., Nair, S., Ochoa, E. E., Huda, R., Roberts, N. J., & Chonmaitree, T. (2010).
Interleukin-6-174 and tumor necrosis factor _-308 polymorphisms enhance
cytokine production by human macrophages exposed to respiratory viruses.
Journal of Interferon & Cytokine Research, 30, 917–921.

Ruef, C. (2007). Diagnosing influenza-clinical assessment and/or rapid antigen
testing. Infection, 35(2), 49–50.

Shen, H. H., Hou, J., & Chen, W. W. (2011). Immunologic changes during
pandemic (H1N1) 2009, China. Emerging Infectious Diseases, 17, 1053–1055.

Tang, Y.-W. W., Li, H., Wu, H., Shyr, Y., & Edwards, K. M. (2007). Host single-
nucleotide polymorphisms and altered responses to inactivated influenza
vaccine. The Journal of Infectious Diseases, 196, 1021–1026.

To, K. K., Hung, I. F., Li, I. W., Lee, K. L., Koo, C. K., Yan, W. W., et al. (2010). Delayed
clearance of viral load and marked cytokine activation in severe cases of
pandemic H1N1 2009 influenza virus infection. Clinical Infectious Diseases, 50,
850–859.

Wang, B., Wang, J., Zheng, Y., Zhou, S., Zhen, J., Wang, F., et al. (2010). HBV Study
Consortium: TNF-alpha-238 and -308 polymorphisms with different
outcomes of persistent hepatitis B virus infection in China. Pathology, 42,
674–680.

Webb, S. A., Pettilä, V., Seppelt, I., Bellomo, R., Bailey, M., Cooper, D. J., et al. (2009).
Critical care services and 2009 H1N1 influenza in Australia and New Zealand.
The New England Journal of Medicine, 361(20), 1925–1934.

Yu, H., Feng, Z., Uyeki, T. M., Liao, Q., Zhou, L., Feng, L., et al. (2011). Risk factors
for severe illness with 2009 pandemic influenza A (H1N1) virus infection in
China. Clinical Infectious Diseases, 52, 457–465.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Elsayed et al. The Journal of Basic and Applied Zoology           (2019) 80:61 Page 6 of 6


	Abstract
	Background
	Subject and methods
	Results
	Conclusions

	Background
	Materials and methods
	SNPs typing
	Statistical analysis

	Results
	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

