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Abstract 

Cardiovascular disease (CVD) a major public health burden that lead to disability , morbidity and mortality. Inflammatory cytokines plays a 
crucial role in the pathophysiology of CVD. Therefore, this study aim to determined role of IL6, TNF-α and TLR4 on progression CVD in 
infected and non infected patients. A retrospective hospital study was performed to 280 patients with age range between 20-65 years 
attending to Heart Medical Center of Thi-qar province during 2018 divided into: 200 (71.4%) catheterized patients represent by diagnostic, 
therapeutic catheter and both .As well as 80(28.6%) surgery patients included Coronary artery bypass grafting CABG, valve replacement 
and underwent heart defects surgery. The Swabs, Catheter tip and blood samples were taken from all patients, surgery instruments and 
cultured on blood culture bottle for 24 h at 37ºC then sub-culture on enrichment and differential media. The results showed that positive 
bacterial culture appear in 62 cardiac catheterized patients and 18 of cardiac surgery patients, some specimens show poly-microbial growth. 
So the total isolates reach to 93 isolates, 75 of them were G +ve bacteria and 18 were G-ve bacteria and 200 specimens gave negative results 
for bacterial growth. The level of IL-6, TNF-a and TLR-4 estimated by ELISA and show a significant increase in CVD patients in compare 
with healthy control. The level of IL-6, TNF-a and TLR-4 highly increase in infected cardiac patients then in non-infected patients with 
statically significant different as well as in catheterized patients more than cardiac surgery patients with no significant difference between 
them. In conclusion : infection in CVD had a significant role in progression the disease that lead to highly increased in TLR-4 ,TNF- α , IL, 

6 levels this reflecting the inflammatory response in the patients and causes progression the disease.  
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Introduction 

Cardiovascular diseases (CVD) a very complex set of 
diseases leading to outcomes related to acute or even 
emergency hospital care as well as to long-term monitoring 
of chronic diseases in lifelong follow-up (Collier and 
Kienzler, 2018). The World Health Organization (WHO) 
recorded about 20 million CVD deaths in 2015, accounting 
for 30 % of all deaths worldwide (WHO, 2015).  

Infective endocarditis (IE) is an infection of the 
endothelial surface of the heart or intravascular and intra- 
cardiac devices like prosthetic valves and pacemaker cables 
(Thomas et al., 2016). Streptococci, Staphylococci, 

Enterococci, and fastidious gram-negative coccobacilli, 
Haemophilis species a common pathogen associated with IE 
(Leonardo et al., 2006). Fibronectin binding proteins among 
S. aureus, and surface glucans in viridans streptococci have 
ability to adhere to the endothelial cells and stimulate the 
recruitment of phagocytic cells through induced surface 
expression of cell adhesion proteins and lead to an increased 
secretion of chemotactic cytokines and pro inflammatory 
cytokines such as TNF-α, IL-6 (Shaikh, 2011). IL-6, TNF-α 
and C-reactive protein (CRP) play important roles in the 
promotion of coronary artery disease (Ol KK et al., 2011), 
demonstrated that CVD patients are characterized by 
persistent immune activation in vivo which is reflected in 
increased circulating levels of inflammatory cytokines (TNF-
α, IL-1β and IL-6) and chemokines (IL-8) within the failing 
myocardium, independent of the cause of Chronic Heart 
Failure.  

TLR4 belongs to the family of pattern recognition 
receptors (PRRs). They are highly conserved receptors that 
recognize pathogen-associated molecular patterns (PAMPs), 
thus representing the first line of defense against infections, 

expressed on the cell surface on both hematopoietic and non-
hematopoietic cells, including endothelial cells of cardiac 
myocytes (Kielian, 2006; Akira and Takeda, 2004). TLR4 
plays a critical role in myocardial inflammation, including 
myocarditis, Myocardial Infarction (MI), myocardial I/R 
injury, Heart Failure(HF), aortic valve diseases, 
atherosclerosis, and hypertension (Yang,et al., 2016).  

Materials and Method 

Study subjects 

After getting approval from Kufa science faculty 
Ethical committee and permission were taken from Thi-qar 
health presidency. A retrospective hospital study was 
conducted on 280 CVD patients during 2018 attending to 
Heart Medical Centre of Thi-qar province which divided into 
: 200 patients with cardiac catheterization ( diagnostic 
catheters, therapeutic catheters, both) and 80 patients who 
underwent surgery including Coronary artery bypass grafting 
(CABG), cardiac valves, and heart defects. The diagnosis 
based on clinical examinations under supervision of 
physicians. Members of all groups were informed about the 
aim of the study and obtained verbal acceptance before 
taking samples. 

A total of 20 healthy subjects volunteer were included 
as controls group with age range between (25-65) years for 
cytokines estimation.  

Sample Collection 

Five milliliter of blood were collected from each 
subjects by using disposable syringes, then 2 ml was placed 
in gel tubes allowed to clot at room temperature, centrifuged 
at 3000 rpm for 10 minutes and sera were dispensed into 3 
Eppendorf-tubes, numbered and stored at -20 ºC until used 
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for measuring, IL-6, TNF and TLR-4 by ELISA technique by 
using Elabscience kit \ USA  

The following samples were excluded: samples from 
individuals who had received antibiotic therapy; patient not 
fill all information or correct sample and sample from 
patients with other type of chronic disease such as DM, 
hypertension.  

Bacterial isolation and identification 

Swab from cardiac catheter kit (sheath, cord and 
needle), Catheter Tip (cut about 5 cm from the tip of the 
upper catheter) and the remaining 3ml of blood were cultured 
in blood culture bottles and incubated aerobically at 37ºC in 
BacT/ALERT 3D for (2-7) days, then cultured on the 
MacConkey agar, Manitol agar and Blood agar plates and 
incubated at 37C under aerobic condition for 18-24 hour, 
Gram’s stain was used to examine shape and type of staining. 
While biochemical tests used according to MacFaddin (2000) 
in addition to use VITEK- 2 system to confirmed 
identification. 

Statistical analysis   

Analysis of data was performed by using Statistical 
Package for Social Science (SPSS) system/ version 17 and 
Microsoft Office Excel 2007. Results were expressed as 
mean ± S.D. P-value was considered significant when it is 
less than 0.05. The analysis of variance (ANOVA) was also 
applied. 

Result 

The results showed that positive bacterial culture appear 
62(22.2%) in cardiac catheterized patients and 18(6.4%) of 
cardiac surgery patients, some specimens show poly-
microbial growth. So the total isolates reach to 93 isolates, 
75(80.6%) of them were G +ve bacteria, the most common 
pathogen were S. aureus followed by Streptococcus viridans 
and St. pyogenes and 18 (19.4) were G-ve bacteria, 

Enterobacter cloacae was most common and 200 (71.4%) 
specimens gave negative results for bacterial growth. 

 

Fig. 1 : Percentage of bacterial growth in patients with 
catheterization and surgery 

Role of IL-6,TNF-α and TLR4 in infected cardiac 

patients and no infected  

The results show that mean serum level of IL-6 were 
highly increased in cardiac patients in those who suffering 
from bacterial infection 227.45 pg /ml, then non-infected 
patient group 150.95 pg/ml as compared with healthy control 
51.87 ± 27.70 pg /ml with high significant differences (p < 
0.05).  

 The results revealed that statistically significant 
increase (P ≤ 0.05) in TNF-α serum level in patients 
comparison to healthy control which were (28.16 ± 16.82). 
Patients with bacterial infection showed a higher significant 
(P < 0.05) increase in level of TNF α (164 ± 48.5 pg/ml) then 
non- infected patients (138.2 ± 22.82 pg/ml) with no 
significant different between them. 

 The serum concentration of TLR-4 was elevated in 
cardiac infected Patients with highly significant differences 
(p<0.05) in compare with healthy group. The concentration 
of TLR-4 significantly increased in infected patients 17.56 ± 
2.9 pg /ml, then in non-infected patients group records 14.12 
± 4.02 pg/ml. While, the control group was record 4.15 ± 
0.53 pg/ml, Table (1). 

 

Table 1 : IL-6 ,TNF-and TLR-4 levels in the cardiac patients group and healthy control 

Parameter Group 
IL_6 (IU/ml) 

Mean ± SD 

TNF_α(IU/m) 

Mean ± SD 

TLR_4(IU/ml) 

Mean ± SD 

Patient with bacterial infection N(40) 227.45 ± 79.71a 164 ± 48.50a 17.56 ± 2.97a 

Patient without bacterial infection N(30) 150.95 ± 34.20b 138.2 ± 22.82a 14.12 ± 4.02 

Control N(20) 51.87 ± 27.70b 28.16 ± 16.82 4.15 ± 0.53 

LSD 42.26 16.70 1.84 

 

Evaluation of IL-6, TNF-a and TLR-4 in cardiac patients 

with related to age  

This study evaluate the concentration of cytokines 
levels according to age patients revealed that the highest 
mean of IL-6, TNF-a and TLR-4 serum level of these 

patients was among the 51-65 which were (295.85; 225.55 
and 161.60 respectively pg /ml) followed by the age group of 
36-50 years old level of IL6, TNF-α and TLR4 (225.55 ± 
27.04a , 157± 29.00 and 18.2 ± 1.7 pg/ml respectively). The 
results were show in Table (2).  

 

Table 2 : IL-6, TNF-a and TLR-4 in cardiac patients with related to age 

Parameter group 
IL_6(IU/l) 

Mean ± SD 

TNF_a(IU/ml) 

Mean ± SD 

 

TLR_4(IU/ml)  

Mean ± SD 

(20-35) years.N(22) 161.60 ± 32.43 bc 110 ± 17.07 ab 12.1 ± 2.0 a 

(36-50) years.N(31) 225.55 ± 27.04 ab 157 ± 29.00 bc 18.2 ± 1.7 ab 
 

Patient 70 
 (51-65) years.N (17) 295.85 ± 31.89 a 225 ± 37.82 a 22.7 ± 1.2 a 

Control. N(20) 51.87 ± 27.70b 28.16 ± 16.82 4.15 ± 0.53 

L.S.D 39.63 12.38 1.65 

Amany Sh.Jaber and Mayyada F. Darweesh  
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Serum Levels of Cytokines on the basis of Operation type 

The results of the present study showed a significant 
increased (p < 0.05) in concentration of IL-6, TNF-a and 
TLR-4 in cardiac catheterized infected patients with mean 

(290, 210, 22.8 pg/ml respectively) and cardiac surgery 
infected patients (164, 118, 12.32 pg/ml respectively). All 
results shown in table (3). 

Table 3 : Serum Levels of Cytokines according to Operation type 

Parameter Group 
IL-6(IU/ml) 

Mean ± SD 

TNF-a(IU/m) 

Mean ± SD 

 

TLR4(IU/ml) 

Mean ± SD 

Cardiac cath. N (21) 290 ± 35.02a 210 ± 31.44 a 22.8 ± 3.01 b 
Patient with bacterial infection 

N(40) Surgery. N (19) 164 ± 26.88 c 118 ± 17.23 c 12.32 ± 1.07 a 

Cardiac cath. N (15) 177 ± 35.62 ab 178 ± 38.14 ab 18 ± 2.12 e 
Patient without bacterial infection 
N(30) Surgery. N (15) 123 ± 14.82 bc 98.71 ± 24.15 ab 10.24 ± 1.59 d 

Control N(20) 51.87 ± 27.70b 28.16 ± 16.82 4.15 ± 0.53 

L.S.D 27.56 52.04 2.38 

 

Discussion 

Bacterial infection may play role in atherosclerosis, 
coronary artery disease, rheumatic heart disease (Zavareh et 

al., 2016). The longer indwell times of IV catheters are 
associated with a higher risk of bacterial colonization of 
cardiac catheters used in humans (Parra-Flores et al., 2016). 
(Bouza et al., 2003) they mention that cardiac infection with 
S. aureus is most likely associated with contamination from 
surgical instruments or from hands of health workers. St. 

viridans are responsible for 40-60% of the endocarditis cases 
occurring on the normal valves (Giannakopoulos et al., 
2016). 

Cytokines play key roles in protecting the host against 
bacterial infection by regulating the innate immune response 
, recruiting phagocytic cells to infection sites (Soderholm et 

al., 2018). In other hand, abnormal release of inflammatory 
cytokines will lead to systemic inflammatory reactions, 
aggravate immune function imbalance and further stimulate 
the inflammatory process that lead to multiple organ failure 
(Kim et al., 2016).  

The data of the study shows that there was a significant 
difference in levels of cytokines between cardiac patients 
according to infected or non- infected. The circulating IL-6 
levels were increased significantly in all patients with 
infective endocarditis and significantly higher than patients 
without infection in compare to control group (Araújo et al., 
2015). IL-6 elevated in cardiac patients with positive blood 
cultures higher than patients with negative blood culture 
(Prendergast, 2006). Similarly (Herlina et al., 2016) they 
shown that IL-6 and TNF –a levels are positively correlated 
with severity of bacterial infection.  

Gram-positive pathogens induced more IL-6 and TNF-α 
serum levels (Mohamed et al., 2007). Maria et al. (2013) 
observed that pro-inflammatory like TNF-a, IL-6 cytokines 
are elevated in serum IE patients compared to health subjects 
and higher in staphylococcal and streptococcal IE groups.  

Damås et al. (2001) illustrated that various microbes 
play pathogenic roles in cardiomyopathy patients, and such 
mechanisms could clearly promote enhanced pro 
inflammatory cytokine such as TNF-α, IL-1 and IL-6 levels 
in CVD. Also, Infection with certain microbes suggested to 
be involved in the pathogenesis of atherosclerosis (Becker et 

al., 2001). Microbial antigens may trigger immune activation 
and increased pro inflammatory cytokines production in 
patients with CHF (Li et al., 2000). Finally, the postoperative 

period may increase susceptibility to infections because of 
surgical trauma, catheter and anesthesia-induced transient 
immunosuppression (Moro et al., 2005). 

The present study appears that IL-6, TNF- and TLR 
were significantly difference according to type of operation  

Corbi et al. (2000) evaluated 31 patients undergoing 
CABG, they noted that IL-6 concentrations significantly 
increased with surgery. correlated with study (Supomo, 
2019) they observed that IL-6 is increased in patients with 
surgery, trauma, critical illness and infections.  

Elevated IL-6 concentrations have been demonstrated to 
be associated with impaired hemostasis following 
cardiopulmonary bypass surgery (Funayama et al., 2004). 
correlated with study (Funayama et al., 2004) evaluated 36 
patients with cardiac catheterization within 24 hours of 
infarct onset and found significantly elevated IL-6 values as 
compared to peripheral vein samples from controls. Cardiac 
surgery with Coronary artery bypass leads to a systemic 
inflammatory response with high secretion of IL-6, TNF-a 
cytokines in post-operative patients and explain the 
alterations in the serum concentrations of cytokines have 
important prognostic significance (Roth-Isigkeit et al., 1999). 
Higher plasma levels of TNFα were associated with less 
favorable outcome after coronary revascularization surgery 
and may prove useful to utilize TNFα serum levels as a 
marker for identifying high-risk patients in the future (Suzuki 
et al., 2006) 

In current study, there were significant differences 
according to the type of operation among those infected with 
bacteria, this study was close to study (Maria et al., 2013) 
they note that Streptococci adhere to the cardiac valves with 
preexisting endothelial lesions.  

Noori et al. (2016) showed that in patients with CVD, 
the serum levels of TNF-α and IL-6 increased compared to 
control and this increase would be related with hypoxia and 
remarkable left to right shunt . Interleukin (IL) 1β, IL-6 and 
TNF-α stimulated by CABG surgery and cardioplegic cardiac 
arrest that evokes an inflammatory response which may 
cause temporary organ dysfunction and affect the 
postoperative course (Altai, 2012). Massoudy et al. (1999) 
mention that the systemic inflammation observed during and 
after cardiac surgery is related to the secretion of a large 
number of pro-inflammatory mediators, including interleukin 
(IL-6, IL-1 B and TNF-α that increased significantly 
P<0.0005 more than two fold in compare with healthy group. 

Role of pro-inflammatory and toll like receptor-4 in cardiac vascular patient in Nasiriyah city  
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Isigkeit et al. (1999) explain in comparative study 
demonstrated that the serum IL-6, TNF-a increased 
immediately after aortic cross clamp and reached its peak at 
the end of surgery in both CABG and heart valve groups.  

Ridker et al. (2000) In CVD patients, those with high 
IL-6 levels had .4-fold risk of death compared with patients 
in the lowest levels, whereas the relative risk associated with 
high IL-6 among those without CVD was much lower and 
not significant (Herder et al., 2011).  

TLR-4 may be constitutively expressed at low levels in 
normal cells and increase in response to various 
environmental stresses such as heat shock inflammation, 
infections by viruses or bacteria, irradiation (Wheeler, 
2009).TLR4 plays an essential role in host defense against 
poly-microbial sepsis by mediating neutrophil 
migratory/phagocytic functions, and enhanced bacterial 
clearance (Zhang et al., 2014). 

Gogos, et al. (2000) mention that TLR-4 can recognize 
molecular patterns associated with a wide range of microbial 
pathogens in order to initiate transcription of various pro 

inflammatory cytokines such as IL-1 β , TNF- α , IL-,6 and 

IL-8 . (Cha,et al.,2008 ) showed increased serum level of 
TNF- α  and TLR4 signaling in post-ischemic cardiac 

dysfunction .  

Gram-positive bacteria, such as Streptococci and S. 

aureus interact with Toll like receptor (TLR) type 2 and 
TLR-4, which is expressed in different cell populations of the 
innate immunity, including dendritic cells. After this 
interaction, the dendritic cells secrete IL-6, which is 
important to induce CD4+ T cells to differentiate into Th1 
cells that drive the inflammatory immune response (Oliveira 

et al., 2012). Malley et al. (2003) demonstrated that TLR-4 
mediates an innate immune response to St. 

pneumoniae through stimulated drives the immune response 
toward a helper T cell 1 (TH1) response that lead to activation 
TNF-a , IL-1 and IL-6.  

This study confirmed that there are significant 
differences in levels of cytokines according to the age of 
patients, correlated with study by (Klein et al., 2006) found 
that cytokines was significantly associated with age (Myung 
et al., 2016) the level of pro inflammatory cytokines 
increases with age and founded that older patients have 
higher cytokine levels.  

Young and middle aged patients revealed positive 
association between IL-6 levels and the presence of coronary 
calcification and suggests that elevated IL-6 levels were a 
strong and predictor of clinically silent CVD (House et al 
,1990) . 

Bruunsgaard et al. (2000) illustrated that male were 
more than female in cardiac catheterization patients and the 
age more than 40 were more frequently as well as the serum 
levels of IL-6 and TNF-alpha at the acute phase were 
significantly higher in patients than in control subjects. The 
incidence of symptomatic coronary heart disease (CHD), 
myocardial infarction (MI), and sudden cardiac death 
increases with a higher life expectancy and an ever 
increasing number of persons older than 65 in the total 
population (Shi et al., 2016). Finally Huber et al. analyzed 
the postoperative quality of life in 136 patients between 40 -
80 age and observed that long term survival after cardiac 

surgical procedures in younger patients than in elderly 
patients. 

References 

Agachan, B.; Gormus, U.; Toptas, B. and Isbir, T. (2011). 
Cox-2 gene polymorphism and IL-6 levels in coronary 
artery disease. Genet Mol Res.10: 810-816. 

Akira, S. and Takeda, K. (2004). Toll-like receptor 
signaling, Nature Reviews Immunology, 4(7): 1–16. 

Altaei, A. (2012). Protective effect of silymarin during 
coronary artery bypass grafting surgery. Exp Clin 
Cardiol., 17(1): 34–38. 

Araujo-Pires, A.C.; Vieira, A.E. and Francisconi, C.F. 
(2015). IL-4/CCL22/CCR4 axis controls regulatory T-
cell migration that suppresses inflammatory bone loss 
in murine experimental periodontitis. J Bone Miner 
Res., 30: 412–422. 

Becker, A.E.; de Boer, O.J.; van Der Wal, A.C. (2001). The 
role of inflammation and infection in coronary artery 
disease. Ann Rev Med, 52: 289-297. 

Bouza, E.; Muñoz, P.; López-Rodrígues, J.; Jesús Pérez, M.; 
Rincón, C.; Martín Rabadán, P.; Sánchez, C. & Bastida, 
E. (2003). A needleless closed system device (CLAVE) 
protects from intravascular catheter tip and hub. J. 
Hosp. Infect., 54: 279-87. 

Bruunsgaard, H.;  Skinhøj, P.;  Pedersen, A.N.;  Schroll, 
M. and  Pedersen, B.K. (2000). Ageing, tumour 
necrosis factor-alpha (TNF-α) and atherosclerosis. Clin 
Exp Immunol; 121(2): 255–260. 

Cha, J.; Wang, Z.; Ao, L.; Zou, N.; Dinarello, C.A. and 
Banerjee, A. (2008). Cytokines link Tolllike receptor 4 
signaling to cardiac dysfunction after global myocardial 
ischemia. Ann Thorac Surg. 85: 1678e85. 

Collier, J. and  Kienzler, H. (2018). Barriers to cardiovascular 
disease secondary prevention care in the West Bank, 
Palestine – a health professional perspective. Confl 
Health. 12: 27. 

Corbi, P.; Rahmati, M. and Delwail, A. (2000). Circulating 
soluble gp130, soluble IL-6R, and IL-6 in patients 
undergoing cardiac surgery, with or without 
extracorporeal circulation. Eur J Cardiothorac Surg. 
18(1):98–103.  

Damås, J.K.; Lars, G.L. and Aukrust, P. (2001). Cytokines as 
new treatment targets in chronic heart failure. Current 
Controlled Trials in Cardiovascular Medicine, 2(6): 1-7. 

Funayama, H.; Ishikawa, S. and Kubo, N. (2004). Increases 
in interleukin-6 and metallo proteinase -9 in the infarct 
related coronary artery of acute myocardial 
infarction. Circ J.; 68(5): 451–454. 

Giannakopoulos, K.; Zompolou, C. and Behnes, M. 
(2016). Infective endocarditis-a word of caution on non-
typical bacteria. Eur Rev Med Pharmacol Sci., 20: 
4782–5.  

Gogos, E.; Drosou, H.P.; Bassaris, and Skoutelis, A. (2000). 
Proversus anti-inflammatory cytokine profile in patients 
with severe sepsis: a marker for prognosis and future 
therapeutic options, The Journal of Infectious Diseases, 
181(1): 176–180. 

Herder, C.; Schottker, B.; Rothenbacher, D.; Roden, M. and 
Kolb, H. (2011). Interleukin-6 in the prediction of 
primary cardiovascular events in diabetes patients: 
Results from the esther study. Atherosclerosis, 216: 
244-247. 

Amany Sh.Jaber and Mayyada F. Darweesh  



 
2074 

Herlina, H.; Manoppo, J.I. and Umboh, A. (2016). Bacterial 
enteric pathogens and serum interleukin-6 levels in 
children with acute diarrhea. Paediatr Indones 56: 144-
8. 

House, J.S.; Kessler, R.C. and Herzog, A.R. (1990). Age, 
socioeconomic status, and health. Milbank Q.;68:383–411. 

Isigkeit, A.R.V.; Borstel, T.; Seyfarth, M. and Schmucker, P. 
(1999). Perioperative serum levels of tumour-necrosis-
factor alpha (TNF-α), IL-1β, IL-6, IL-10 and soluble 
IL-2 receptor in patients undergoing cardiac surgery 
with cardio pulmonary bypass without and with 
correction for haemodilution. Clin Exp Immunol.; 
118(2): 242–246. 

Kielian, T. (2006). Toll-like receptors in CNS glial 
inflammation and homeostasis, Journal of Neuroscience 
Research, 83(5): 711–730.  

Kim, D.H.; Hwang, J.S.; Lee, I.H.; Nam, S.T.; Ji, H.; Peng, 
Z. (2016). The insect peptide copa3 increases colonic 
epithelial cell proliferation and mucosal barrier function 
to prevent inflammatory responses in the gut. J Biol 
Chem; 291: 3209-23. 

Klein, B.E.; Klein, R.; Lee, K.E.; Knudtson, M.D. and Tsai, 
M.Y. (2006). Markers of inflammation, vascular 
endothelial dysfunction, and age-related cataract. Am J 
Ophthalmol; 141: 116–22.  

Leonardo, C. and Roberto, M. (2006). Antibiotic Therapy for 
Infective Endocarditis in Childhood. J Pediatr 
Pharmacol Ther;11:64-91 

Li, Y.Y.; Feng, Y.Q.; Kadokami, T.; McTiernan, C.F.; 
Draviam, R.; Watkins, S.C. and Feldman, A.M. (2000). 
Myocardial extracellular matrix remodeling in 
transgenic mice over expressing tumor necrosis factor 
alpha can be modulated by anti-tumor necrosis factor 
alpha therapy. Proc Natl Acad Sci USA, 97: 12746-
12751. 

MacFaddin, J.F. (2000). Biochemical tests for identification 
of medical bacteria. (3rd.ed). Lippinocott Williams 
&Wilkins, USA. P.555-565. 

Malley, R.; Henneke, P. and Morse, S.C. (2003). Recognition 
of pneumolysin by Toll-like receptor 4 confers 
resistance to pneumococcal infection. Proc Natl Acad 
Sci U S A.100:1966-1971. 

Maria, C.N.; Izabella, A.; Andréa, T.; Letícia, A.; Marcio, H.; 
José, L. and Teresa, C. (2013). Do Cytokines Play a 
Role in Predicting Some Features and Outcome in 
Infective Endocarditis. Advances in Infectious 
Diseases, 3: 115-119. 

Massoudy, P.; Zahler, S.; Barankay, A.; Braun, S.L.; Becker, 
B.F. and Meisner, H. (1999). Reperfusion of the lungs 
induces cytokine production and activation of 
leukocytes in CABG patients. Br J Anaesth, 82: A50. 

Mohamed, M.A.; Cunningham-Rundles, S.; Dean, C.R.; 
Hammad, T.A. and Nesin, M. (2007). Levels of pro-
inflammatory cytokines produced from cord blood in 
vitro are pathogen dependent and increased in 
comparison to adult controls. Cytokine, 39: 171–177.  

Moro, M.L.; Morsillo, F.; Tangenti, M.; Mongardi, M.; 
Pirazzini, M.C. and Ragni, P. (2005). Rates of surgical-
site infection: an international comparison. Infect 
Control Hosp Epidemiol. 26(5): 442-8.  

Myung, W.; Lim, S.W.; Woo, H. (2016). Serum Cytokine 
Levels in Major Depressive Disorder and Its Role in 
Antidepressant Response. Psychiatry Investig.; 13(6): 
644–651. 

Noori, N.M.; Moghaddam, M.N.; Iraj, A.T. and  Keyvani, K. 
(2016). Evaluation of serum level of tumor necrosis 
factor-alpha and interleukin-6 in patients with 
congenital heart disease Niger Med J. 57(4): 233–237. 

Oliveira-Nascimento, L.; Massari, P.; Wetzler, L.M. (2012). 
The Role of TLR2 in Infection and Immunity. Front 
Immunol. 3: 79. 

Parra-Flores, M.; Souza-Gallardo, L.M.; Garcia-Correa, G. 
(2016). Incidencia de infeccion asociada a catéter 
venoso central y factores de riesgo relacionados en 
pacientes con nutrición parenteral total en un hospital 
de tercer nivel. Cir Cir. 237: 1–5. 

Prendergast (2006). The changing face of infective 
endocarditis. Heart. Jul; 92(7): 879–885. 

Ridker, P.M.; Rifai, N.; Stampfer, M.J. and Hennekens, C.H. 
(2000). Plasma concentration of interleukin-6 and the 
risk of future myocardial infarction among apparently 
healthy men. Circulation., 101: 1767–1772. 

Roth-Isigkeit, A.; Borstel, T.V.; Seyfarth, M. and 
Schmucker. P (1999). Perioperative serum levels of 
tumour-necrosis-factor alpha (TNF-α), IL-1β, IL-6, IL-
10 and soluble IL-2 receptor in patients undergoing 
cardiac surgery with cardiopulmonary bypass without 
and with correction for haemodilution. Clin Exp 
Immunol, 118(2): 242–246. 

Shaikh, P. (2011). Cytokines and their physiologic and 
pharmacologic functions in inflammation. Int. J. Pharm. 
Life Sci., 2: 1247-1263. 

Shi, A.; Tao, Z.; Wei, P. and Zhao, J. (2016). 
Epidemiological aspects of heart diseases Exp Ther 
Med.; 12(3): 1645–1650. 

Soderholm, A.T.; Barnett, T.C.; Sweet, M.J. and Walker, 
M.J. (2018). Group A streptococcal pharyngitis: 
immune responses involved in bacterial clearance and 
GAS-associated immunopathologies. J. Leukoc. Biol., 
103: 193–213.  

Supomo (2019). Correlation of Interleukin-6 Serum Level 
and Surgical Site Infection in Post Major Surgery 
Patient. Bali Medical Journal 8(1): 18-20.  

Suzuki, H.; Sato, R.; Sato, T.; Shoji, M.; Iso, Y.; Kondo, 
T.; Shibata, M.; Koba, S. and Katagiri, T. (2005). Time-
course of changes in the levels of interleukin 6 in 
acutely decompensated heart failure. Int J Cardiol. 28, 
100(3): 415-20. 

Thomas, L.H. and Larry, M.B. (2016). Infective 
endocarditis.Nat Rev Dis Primers.1; 2: 16059. 

Wheeler, D.S.; Chase, M.A.; Senft, A.P.; Poynter, S.E.; 
Wong, H.R. and Page, K. (2009). Extracellular Hsp72, 
an endogenous DAMP, is released by virally infected 
airway epithelial cells and activates neutrophils via 
Toll-like receptor (TLR)-4. Respir. Res. 10, 
31.10.1186/1465-9921-10-31  

WHO (2015), Available at http:// www.who.int/ cardio-
vascular_diseases/about_cvd/en/Accessed on 02.10.2015. 

Yang, Y.; Lv, J. and Jiang, S. (2016). The emerging role of 
toll-like receptor 4 in myocardial inflammation, Cell 
Death & Disease, 7(5): article e2234,.  

Zavareh, M.S.; Tohidi, M. and Sabouri, A. (2016). Infectious 
and coronary artery disease. ARYA Atheroscler. 2016 
Jan; 12(1): 41-9. 

Zhang, M.1.; Zou, L.; Feng, Y.; Chen, Y.J.; Zhou, Q.; Ichinose, 
F. and Chao, W. (2014). Toll-like receptor 4 is essential to 
preserving cardiac function and survival in low-grade 
polymicrobial sepsis. Anesthesiology, 121(6): 1270-80. 

Role of pro-inflammatory and toll like receptor-4 in cardiac vascular patient in Nasiriyah city  


