Influenza And Cardiovascular Diseases

An assessment of the context-specific situation of cardiovascular complications directly or indirectly determined by influenza appears urgent and cost-effective.

The pandemic outbreak of Influenza Virosis, which was declared by WHO to be at the pandemic alert stage 6 on 11 June 2009, poses new as well as old questions to the scientific and medical communities and governments at all levels on how to tackle its direct and indirect impact on the society.

Many problems require actions to address several multi-factored concerns:

a) The virus itself, e.g. identification, variant recognition,  natural history, transmission, virulence, diffusion, containment, human/animal vehicles, life cycles, cross antigenicity 
b) The patient, e.g. infection, clinical symptoms,  epidemiology, risk stratification, age susceptibility, morbidity co-morbidity, treatment, prevention, mortality, organs complications, disability, risk/benefit ratios, cross protection
c) Health policies, e.g. classification, isolation, detection methodologies, surveillance, vaccination, medications, health organization, programs, costs, cost/effectiveness ratios, health economy, industrial investments
Under the coordination of WHO, and with the support by the Centers for Disease Control (CDC), and the European Center for Disease Control (ECDC) international and local authorities have expanded the existing seasonal influenza programs of intervention, and designed and activated new action plans with the goals of understanding the profile of this virosis, infection eradication, reduction of the emerging burden on the communities, and prevention and treatment optimization.
In this context a more specific focus on the cardiovascular diseases relationships with influenza is needed.
Inflammation in atherosclerosis
In addition to age, cholesterol and the apo-lipoprotein B/A ratio dominate the clinical approach to, and the prevention of, atherosclerosis (Lancet 2004; 364:937-52; Lancet 2004; 364:953-62). Together with diabetes, hypertension, smoking, bad nutrition, lack of physical activity, and psychosocial dissatisfaction, these factors account for more than 90% of the global risk of CV events. However, despite the confirmed role of dyslipidemia, many subjects experience myocardial infarction with a cholesterol concentration below the recommended threshold of cholesterol, or despite having reached the recommended target with medical treatment.
The critical role played by inflammation in the progression of atherosclerosis is even more studied (Clin Chem 2008; 54:24-38). Chemokines and inflammatory cells drive the process of the inflammation.
Pro-inflammatory  stimuli  (such  as a diet high in  saturated fat, hypercholesterolemia, obesity, hyperglycemia, insulin resistance, hypertension, and smoking) trigger the expression of adhesion molecules in the endothelial cells inducing the attachment of circulating monocytes and lymphocytes to the surface of the intima. This step starts the process of inflammation, leading to a cascade of events (including the activity of smooth muscle cells (SMCs) at the border between the arterial intima and the media (see also Clin Chem 2009; 55:1801-8)) inside of the arterial wall where the intima presents already sequestered lipoproteins (stable plaque). The process of inflammation increases the volume of the plaque moving from stable plaque to unstable plaque, from its rupture to thrombosis and to the consequent alteration of blood flow and of the oxygen demand/supply ratio. That could conduct to the acute coronary syndrome and heart attack.
The process can be followed using several biomarkers; among them are biomarkers of one or more patho-physiological steps of the inflammatory mechanism which encourage the progression of atherosclerosis towards the cardiac (or cerebral) event (Clin Chem 2008; 54:24-38).
Infection and atherosclerosis
Many years ago Rudolf Virchow described the presence of bacteria in the thrombus occluding coronary arteries seen in the autopsies of those whose death was caused by myocardial infarction. Since then several other infectious agents have been identified as factors in atherosclerosis, such as: Chlamydia pneumonia, Herpes simplex viruses 1 and 2 (HSV-1, HSV-2), Helicobacter pylori, Mycoplasma pneumonia, Salmonella typhi, measles virus, Epstein-Barr virus, human immunodeficiency virus, influenza virus  (Braz J Med Biol Res 2000; 33:1023-6 - J Periodontol 2000; 71:1554-60 - Circulation 2000; 102:779-85 - Circulation 1999; 100:e20-8 -  Am Heart 1973; 86:523-34 - J Exp Med 1978; 148: 335-40- Circulation 1998; 97:633-6.)
Twenty years ago, Chlamydia pneumonia was thought to play a role in the progression of atherosclerosis towards cardiac events. Some clinical trials were not successful in understanding the effectiveness of the use of some antibiotics in preventing heart events.  Over the last ten years researchers have shifted attention from the concept of chronic infection to that of acute infection. The epidemiological data on influenza epidemic of 1919 in Europe and the US focussed attention on the relationships between influenza and myocardial infection.  During that epidemic, about half of the excess mortality was attributed to causes other than influenza, including heart disease (Public Health rep 1932; 47:2159-89).
A group of researchers from Houston, led by Mohammad Madjid, has developed over the last 10 years  significant basic, epidemiological, and clinical evidence of the relationships between the influenza virus and coronary heart disease (CHD). 
Please find below an annotated list of a few of the more relevant articles of the many papers on this topic: 
Authors have noted that death due to cardiovascular causes comprises more than half of the excess deaths during influenza epidemics and often exceeds death due to respiratory causes (Public Health rep 1932; 47:2159-89 - JAMA 1961, 176:776-82. Am J Epidemiol 1974; 100:40-48) 

· Influenza vaccine reduces the risk of acquiring influenza and of hospitalization and death, particularly among the elderly (Ann Intern Med 1995; 123:518-27)
· In patients with chronic CHD, vaccination against influenza was negatively associated with the development of new MI during the same influenza season (Circulation 2000; 102:3039-45)
· Inoculation of atherosclerotic apolipoprotein-E (apo-E)-deficient mice with influenza virus results in heavy infiltration of atherosclerotic

plaques by inflammatory cells (macrophages and T cells), as well as smooth muscle cell proliferation, fibrin deposition, platelet aggregation, and thrombosis (Circulation 2003; 107:762-8). These profound inflammatory and pro-thrombotic changes mimic those seen in coronary plaques after a fatal MI (Arterioscler Thromb Vasc Biol 2000; 20:1262-75)
· Observational studies hypothesized that influenza can trigger MI (Am J Cardiol 1984; 53:481-82), and estimated that influenza causes up to 92,000 deaths per year in the US due to fatal myocardial infarction (NEJM 2000; 343:1778-87 - JAMA 2003; 289:179-86 -Circulation 2003; 108:2730-36 - Epidemiol Infect 2005; 133:255-62)
· Studies show that acute lower respiratory tract infections and urinary tract infections are associated with a transient increase in the risk of a vascular event:  such as a first or a subsequent MI or stroke, and the risk is most marked in the few days after infection. (NEJM 2004; 351:2611-8)
· Analysis from CDC concluded that influenza is a major cause of death in the elderly population of the US, causing up to 51,000 all-cause deaths per year in the US: more than 36,000 deaths in this study were due to respiratory and circulatory deaths (Eur Heart J 2007; 28:1205-10).
· In the recently issued AHA/ACC guidelines for secondary prevention for patients with coronary and other atherosclerotic vascular disease: 2006 update: endorsed by the National Heart, Lung, and Blood Institute. (Circulation 2006; 113:2363-72), the American Heart Association and American College of Cardiology recognized the benefit  (Evidence Level B) of influenza vaccination for cardiovascular patients. 

Potential Mechanisms
It has been shown that influenza infection leads to excessive recruitment

of inflammatory cells to atherosclerotic aortic plaques in mice lacking apolipoprotein E receptor (Circulation 2003; 107:762-8). On the other hand systemic infections increase local inflammation in atherosclerotic coronary arteries: this could be the effect of acute infections on acute coronary syndrome (ACS) (Tex Heart Inst J 2007; 34:11-8).In fact the coronary arteries of patients who died of acute systemic infections show a higher number of macrophages and T cells in their adventitia and peri-adventitial fat, and more dendritic cells in the intima and media. In synergy with local cellular inflammation, a systemic inflammation is recognized by an increase in acute reactants proteins (Circulation 2003; 108:2730-36). These acute inflammatory changes are paralleled by activation of the coagulation cascade and increased levels of coagulation factors. Finally, such acute infections are also associated with tachycardia, hemodynamic stress, fever, dehydration, increased plasma viscosity, release of endogenous cathecholamines, possible O2-demanding ischemia, severe endothelial dysfunction, and qualitative pro-oxidant changes in high-density lipoprotein. Each of these pathophysiological events can play an important role in acute coronary syndromes (Circulation 2003; 108:2730-36 - Tex Heart Inst J 2004; 31:4-13).
An indirect confirmation of these relationships is the observation that statins block influenza infection by down-regulating the Rho/rho kinase pathway          (CMAJ 2008; 179 (8): 749-50). Statins, and angiotensin II type 1 receptor blockers, have been reported to inhibit the migration of intimal SMCs of aortic arteriosclerotic plaques in hyperlipidemic rabbits (Biochem Biophys Res Commun 2006; 348: 1367-77).
Systemic inflammation, due to storming cytokines, triggers locally the inflammation inside the plaque. The endothelial dysfunction together with the activation of platelet and coagulation factors leads to the thrombus formation on the unstable plaque.  A continuing and intriguing question is whether  plaque can be directly infected by a virus.
Increased levels of acute phase proteins (such as C-reactive protein (CRP), and serum amyloid A (SAA)) in plasma are associated with vulnerability of atherosclerotic plaque and different forms of acute manifestations of coronary heart disease. Inflammation may represent a common factor in the development of more inflamed plaque in those arteries exposed to vascular risk factors and for enhanced inflammatory responses in other tissues exposed to nonspecific noxious stimuli (Atherosclerosis 2008; 196:835-40).
Another area to be taken in consideration is the relation between the heart and the infected lung. Lung infections and the consequent overload on vascular flow produce a burden on the heart function. In addition it has been shown that infections of the upper respiratory tract, including pneumonia and influenza, can in fact trigger acute coronary syndromes. On the other hand prevention of these infections by vaccination may prevent cardiovascular events in people at high risk (CMAJ 2008; 179:749-10).
Cardioprotective effect of vaccination
Infections of the upper respiratory tract, including pneumonia and influenza, can trigger ACS. Vaccination against the influenza virus and streptococcus pneumoniae can be seen as preventive tools in deterring cardiovascular complications caused by influenza in fragile subjects.  
Influenza vaccine reduces the risk of influenza infection and of hospitalization and death, particularly among the elderly (Ann Intern Med 1995; 123:518-27).
In patients with chronic CHD, vaccination against influenza was negatively associated with the development of new MI during the same influenza season (Circulation 2000; 102:3039-45). The American Heart Association and American College of Cardiology guidelines have recognized the benefit (Evidence Level B) of influenza vaccination for cardiovascular patients.

In addition to the prevention of pneumonia in very young children and elderly people, vaccination against pneumonia has been shown to exert another mechanism of cardioprotection 
A study in mice lacking the low-density lipoprotein (LDL) receptor suggested that the molecular similarity between epitopes of Streptococcus pneumoniae and oxidized LDL may lead to increased anti-oxidized LDL immunoglobins following pneumococcal vaccination, which may lead to a decreased extent of atherosclerosis (Nat Med 2003; 9:736-43). However, production of such antibodies following pneumococcal vaccination in humans has not been confirmed (Transl Res 2007; 150:172-9).
The burden of CVD complications by influenza 
Due to the lack of reliable epidemiological data and the not fixed time of appearing of complications and the acute infection it is difficult to determine the exact impact of lives lost as well as the economic burden of cardiac complications from influenza. However, some assumptions may be approached indirectly. For example, in the USA, 729,000 people die due to CHD and stroke Influenza vaccination is estimated to save 91,000 lives per year. Nevertheless, it is difficult to determine what proportion of the decrease of CVD mortality between 1980 and 2000 (NEJM 2007; 3562388-98) may be attributed to the increase in the use of the influenza vaccine over the past 20 years. 
Needs Assessment
There is increasing evidence to include the influenza virosis among the risk factors of CVD. There is an increasing interest in understanding better the mechanisms that sustain the relationships among the viral infection, the systemic inflammation, and the development of atherosclerosic plaque and the cascade of atherothromosis and CVD events.

During the early phases of the epidemic, information arriving at the Centers for Disease Control is always affluent; however, in the more advanced phases of the spread of the disease information lacks constancy (see also Lancet 2009; 374:1209-11). One of critical points in the assessment of cardiac complications by influenza, is reliable detection and identification of the virus and its variants (see also Eurosrveillance 10 september 2009; Vol 14. issue 36).
The need to track the spread and complications of the influenza virosis (A, SOV, seasonal, or pandemic) are forcing agencies to develop and continuously modify their data collecting systems.
The new Pneumonia and Influenza Hospitalization and Death Tracking, 
implemented by the CDC on August 30, 2009, replaces the  weekly report of laboratory-confirmed 2009 H1N1-related hospitalizations and deaths. Jurisdictions can now report to the CDC either laboratory-confirmed or pneumonia and influenza syndromic-based counts of hospitalizations and deaths resulting from all types or subtypes of influenza, not just those from 2009 H1N1 influenza virus. To allow jurisdictions to implement the new case definition, counts were reset to zero on August 30, 2009. From August 30-September 19, 2009, 10,082 hospitalizations and 936 deaths associated with influenza virus infection or based on syndromic surveillance for influenza and pneumonia, were reported to CDC. CDC will continue to use its traditional surveillance systems to track the progress of the remainder of the 2008-09 season, and for the 2009-10 influenza season, which officially began October 4, 2009. Data are available on antigenic characterization, antiviral resistance, pneumonia and influenza mortality surveillance, influenza-associated pediatric mortality, influenza-associated hospitalization.  http://www.cdc.gov/flu/weekly/. 

The weekly epidemiological record has activated since months the Global influenza surveillance network: laboratory surveillance and response (http://www.who.int/wer/2009/wer8436.pdf) Pandemic (H1N1) 2009 in the  update 67 writes: As of 20 September 2009, there have been more than 300,000 laboratory confirmed cases of pandemic influenza H1N1, 3,917 deaths, in 191 countries and territories reported to WHO. As more and more countries have stopped counting individual cases, particularly of milder illness, the case count is significantly lower than the actually number of cases that have occurred. While the case counts no longer reflect actual disease activity, WHO is actively monitoring the progress of the pandemic through frequent consultations with the WHO Regional Offices and member states and through monitoring of multiple sources of data. 
The activity of Influenza A (H1N1) surveillance in Italy was based on individual signaling confirmed by the National Center for Influenza Control (ISS) until July 26, 2009. Since then diagnosis of influenza A (H1N1) is based on clinical criteria, reported weekly through the Regions.
http://www.ministerosalute.it/dettaglio/approfondimentoFocusNuovo.jsp?id=13&sub=3&lang=it&area=influenzaA
In the three tracking systems it is not yet possible to identify data on co-morbitities or complications caused by the influenza virosis. Nor is there any follow-up information regarding the development of the disease and/or complications once patients have been discharged from the hospital.
More information on the relationship between influenza and its complications in CV systems requires a context-specific survey for the out-patient. 

The goals of a survey on the CV complications by influenza A (H1N1)
Prevention of cardiovascular and pulmonary complications due directly or indirectly to influenza infection needs specific tools both in terms of vaccination and in antiviral treatment.
Information supporting the development of influenza vaccines or antiviral production is supported mainly by mathematical simulations based on surveillance data assumptions and trends are derived from assessment of previous influenza epidemics/pandemics (mainly 1919, 1957, and 1976). Reliable information both in influenza and in CVD epidemiology, derive from posterior to the events collection. Correct and well-timed information on the influenza-triggered complications of CVD appears to be critical information for citizens, authorities, and all stakeholders.
The ultimate goal is to obtain context-specific information on the dimension of the correlation/causality between influenza and CVD, and to prepare tools and support for an effective program of prevention of influenza and its consequences through the use of vaccination and medications.
Summary 

· Prevention of influenza and pneumonia infections by vaccination may prevent cardiovascular events in people at high risk.

· Rates of pneumococcal and influenza vaccination are below the optimal level in most countries.

· Physicians need to improve vaccination rates by actively advocating vaccination following established guidelines.

· Special attention should be paid to symptoms and signs of cardiac events in patients at high risk for cardiovascular disease who have an upper respiratory tract infection or a diagnosed influenza.
· An assessment of the context-specific situation of cardiovascular complications directly or indirectly determined by influenza appears urgent and cost-effective.
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