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· We live in a world that contains innumerable microorganisms or microbes; further, many microbes live upon us and within is:  within the mouth, nose, throat, small intestine, colon, rectum, anus, urethra, vagina, auditory canal, hair, and on our skin; in fact, there are more than ten times as many microbes inside us or on us as there are human cells that make us up; 
· Despite the fact that many people nowadays have “germ-phobia,” most “germs” or microbes are not harmful and some are beneficial; there are a minority of microbes that are pathogenic, meaning that they can cause disease, including even death;  
· Pathogenic microbes are often different than nonpathogenic microbes; nonpathogenic microbes usually do not usually replicate wildly, nor do they produce toxins that damage normal tissue; further, they are easily “kept in line” by one or more of the three levels of the immune system:
· Barriers including skin, gastric acid, vaginal acidity, urine acidity, and the mucociliary escalator of the respiratory epithelium in bronchi and the trachea—among others; 
· Innate immune response, including acute inflammation with phagocytosis by white blood cells, as well as the complement cascade, interferons, and natural killer cells; 
· Adaptive immune response including the production of antibodies and cytotoxic T cells; 

· In addition, the presence of other “normal-inhabiting” microbes appear to “take up space” and in other ways “inhibit” or limit wild replication of one species, for example;  that is, the “normal flora” is at least partially protective against the overgrowth (over-proliferation) of one species;  this is why antibiotics, for example, that “kill off” large amounts of the normal flora, are sometimes followed by overgrowth of one species, which can cause infection; 

· Pathogenic microbes are pathogenic because they can “fight back” against the immune system, or “out-wit” or “evade” it; that is, evade being killed by the immune system’s weapons; however, even normally nonpathogenic microbes can cause infection and even death in patients with immune deficiencies (often caused by chemotherapy) or suppression of the immune system (often caused by medications used to treat autoimmune diseases); 
· In addition, there is great variability among people in their resistance or susceptibility to infection by various microbes; some of this variability is related to general health, age, genetic polymorphisms, variations in the immune system, and presence or absence of certain underlying diseases; 
· Microbes reproduce much faster than people or animals; thus, they adapt or “evolve” or “change by natural selection” very rapidly; from the view point of microbes, this evolution or adaptation is “good”; this is because without the ability to change and adapt, the first antibiotics might have led to the extinction of many microbes; 

· Rapid replication allows the random errors of DNA-copying to lead to some “daughters”  that are different than their “mother”;  that is, some daughter cells have mutations, which, in one environment may be detrimental, but in another (like in the presence of new antibiotics) may be “life-saving”; 
· That is, a given antibiotic may kill most of a bacteria’s entire population EXCEPT the “abnormal ones”—the ones with mutations that make them resistant or impervious to the killing effects of the antibiotic;  thereafter, the mutated “survivors” replicate and “pass on” their mutation to many of their daughter cells, and soon there are large populations of resistant organisms; 
· Mutations that make microbes more dangerous to US are called “virulence factors”;  because from the point of view of microbes, these mutations make them “strong, hardy, and sometimes deadly”; this is what has happened with Staphylococcus aureus—now many “subtypes” or “strains” are resistant to methicillin and many other antibiotics that were used so effectively in the past;  

· There are all sorts of virulence factors; one example is the development of “pili” that  allow Escherichia coli  to attach to the “slippery” cells that line the urethra, bladder, and ureters;  in this way, they are effective in causing bladder and kidney infections; 
· Some virulence factors prevent phagocytosis from killing the microbe EVEN though it has been ingested to be destroyed;  Chlamydia does that, and this happens in tuberculosis as well;  also, recall that some viruses remain latent in cells for the life of the person, for example, Herpes Simplex Virus, Varicella-Zoster Virus, Epstein Barr Virus, Cytomegalovirus, and so on; 

· Microbes can live on or within us but not cause disease; for example, normal flora does this; this living on or within us without causing disease is called “colonization”; 
· Sometimes we become newly colonized with either nonpathogenic or pathogenic microbes;  what is the difference between colonization and infection?  
· Colonization indicates that microbes have “entered the body” and though they are “residing” there, they are NOT:  a) replicating uncontrollably, NOR b) producing toxins, NOR c) invading deeper or other areas, NOR d) damaging tissues, NOR e) spreading through the blood or lymph; 

· In contrast, infection means microbes have not only entered the body, and have not only “taken root” there, but they are also: a) replicating more-or-less uncontrollably, AND b) damaging tissue via toxins or the microbe structures themselves, c) invading deeper tissue or other areas, and sometimes d) spreading through blood or lymph; 
· Also, while colonization does trigger the immune system, it does not result in a large response of the immune system—a large, body-wide reaction is not needed;  rather, a local immune system reaction/containment is enough to “keep colonizing microbes from becoming an infection”; 
· However, whenever an infection arises or develops, the immune response is much greater and can be body-wide or system-wide;  

· Infections often begin in a localized area; for example, otitis media is an infection of the middle ear cavity; “Strep throat” refers to infection of the throat or pharynx; cystitis is infection of the bladder; and pneumonia is infection of the lung; 
· Further, many times, localized infections REMAIN localized (either resolving due to the response of the immune system and/or treatment, such as antibiotics); however, a subset of localized infections do NOT remain localized;  these infections spread directly to nearby tissue AND/OR spread more distantly and widely via the blood and/or lymph channels;  

· Why do some infections spread and others do not? Let us start with why some infections do not spread: 
· The immune system may destroy (or “contain”) the microbe before it spreads;
· Treatment may destroy or contain the microbe before it spreads;
· Some microbes do not have the “set of abilities” or sufficient “set of virulence factors” to spread beyond the localized area; 
· On the other hand, some microbes that begin in a localized area DO spread--for the following reasons: 
· Failure of the immune system to destroy or contain the microbe;
· Failure to treat the localized infection BEFORE it has spread; 
· No available treatment (like in Ebola virus infection and others);
· Resistance of the microbe to treatment; 
· High microbial virulence (that is, possession of one or more “sets of abilities” that allow aggressive invasion and spread); 

· Localized infections—like localized injuries—trigger acute inflammation; this is why infections are a common cause of “redness, warmth, swelling, and pain”;  
· As alluded to above, some localized infections trigger not only acute inflammation, but also a SYSTEMIC “inflammatory” response--a systemic inflammatory response can be thought of as a “total body” inflammatory response; 
· Finally, some infections “are spread widely from the get-go”; for example, when an IV drug user injects herself with drugs drawn up in the syringe of a fellow drug-user (who has hepatitis C in her blood); in this case, the infection is widespread “from the get go”; 

· Both localized acute inflammation AND the systemic inflammatory response (abbreviated as SIRS) are “mediated by” or “orchestrated by” or “caused by” the release of “inflammatory mediators”; 
· Recall that when a person falls and “skins” her knee, mast cells release histamine (and other mediators) which, then, in turn, produce the changes of acute inflammation;  in localized infection, the mediators, like histamine, are released ONLY in a localized area; 
· IN CONTRAST, when mediators are released throughout the body (“systemically”), “total body inflammation” occurs; this manifests as SIRS or worse, such as septic shock and/or multiorgan failure;   

· Most “mediators” are released by either cells of the innate  immune system (for example, mast cells, neutrophils, macrophages) or cells of the adaptive immune system (for example, T and B lymphocytes); 
· “In the old days,” it was thought that there were only a few mediators, like histamine; but now, we know that there are perhaps a hundred of these molecules that are “released by one cell only to diffuse to nearby cells where they bind to receptors (on the other cells), and in that way, ACTIVATE or “trigger” the other cells to DO SOMETHING or change in some way; 
· Because there are so many of “cell-to-cell chemical messengers” it is difficult to know what to call them, how to classify them, and how to remember them!
· In general, these cell-to-cell messengers are called “cytokines”; there are lymphokines, chemokines, interleukins, interferons, growth factors, and other sub-categories, but it is fine to just think of them all as “cytokines” or, if they are a part of inflammation or the immune response, as “mediators” or “inflammatory mediators” or “proinflammatory mediators”;     

· It would seem to be a “good thing” when the immune system responded strongly to an infection with the release of high levels of inflammatory mediators; in many cases, this is true—an appropriately “strong” immune response to infection is often essential to “clear” the infection and restore the person back to good health;
· However, sometimes, an infection triggers a “gigantic” systemic inflammatory response—a response that is so extreme that the “super-high” blood levels of  inflammatory mediators actually “make matters worse” and can lead to death;  
· This is “counter-intuitive” (the opposite of what you would expect); but we now know that we need “just the right amount” of immune response and elevation of inflammatory mediators to best fight off an infection; but sometimes, the immune response (with sky-high levels of inflammatory mediators is TOO MUCH; 
· Ready for a surprise?  In viral hepatitis (hepatitis A, B, and C), some liver cells die, and sometimes enough are killed to cause jaundice; it used to be thought that it was the hepatitis viruses that killed the hepatocytes; but now we know that it is the patients’ own immune system (with its weapons like antibodies and cytotoxic T cells) that actually kill the liver cells; in some cases of acute viral hepatitis, the immune response is so extreme that the liver is destroyed and the patient may die because of this (viral hepatitis causing “fulminant hepatic failure”;  
 
· This brings up the important topic of “sepsis”; sepsis is defined as a clinical state or syndrome--originally triggered by infection—that results in important physiologic and biochemical abnormalities—due to the body’s reaction to infection which is not well-regulated and too extreme;  
· In other words, sepsis occurs whenever an infection triggers a gigantic (too big or “dysregulated”) systemic immune response; and the consequences of this reaction can cause multiorgan failure and death; 

· Can sepsis be caused by anything other than a gigantic or dysregulated systemic immune response? Yes! Microbes that enter the bloodstream and/or microbial toxins that enter the bloodstream can cause the same damage as a gigantic or dysregulated systemic immune response; 
· In many severe infections (and many cases of sepsis), the microbe itself and/or its microbial toxins within the blood PLUS “sky high” levels of inflammatory mediators—also in the blood--TOGETHER trigger sepsis; 

· What parts of the body are injured in sepsis?  One of the first and main tissues injured is the lining or endothelia of blood vessels; 
· That is, the actual microbes themselves and/or toxins that they have secreted and/or high levels of inflammatory mediators—first and foremost—damage blood vessels  throughout the body; 
· This is why sepsis used to be called “blood poisoning”; now we know that blood poisoning actually refers to sepsis--and specifically, that a key part of the sepsis process is characterized by what can be called “malignant intravascular inflammation”; note that malignant here just means “aggressive” or “extreme” and NOT cancerous; 
· Once widespread blood vessel damage (also called “activation”) occurs, this leads to several “terrible” physiologic,  biochemical, and hemodynamic abnormalities—for example, a fall in blood pressure (septic shock), abnormal clotting within small blood vessels within the circulatory system, multiorgan failure, and death; 

· Sepsis is common--more than 2 million known cases occur per year in the U.S.--and this will likely increase every year;  
· In the “old days,” many people died of diseases for which we had no ability to diagnose NOR treat; thus, “in the old days,” many of the people who were alive were fairly healthy “until they developed a bad disease, one that often killed them”; 
· BUT nowadays, many people are alive who are NOT THAT healthy—they have one or more chronic diseases, that, in the “old days, they likely would have died of; 
· While some healthy people can and do develop sepsis and death, those who are less healthy, are more susceptible;  this is one reason there is more sepsis now;  

· Another reason there is more sepsis now is that people live longer;  elderly people are at increased risk for sepsis for several reasons;  for example, their ability to “fight off” infections is less than that of younger people;  
· In addition, modern medical treatment--to keep people alive with diseases that used to kill everyone—includes the use of chemotherapy and immunosuppressive medications—which render these patients more susceptible to infection and sepsis; 
· Also, modern medicine makes use of invasive procedures, which can, accidentally,  “introduce” pathogenic microbes into a person’s body—which can result in infection and sepsis; 
· Finally, widespread use of antibiotics in both patients and farm animals has resulted in the appearance of strains or subtypes of microbes that are resistant to some, most, or even all antibiotics;  

· Recall that there are five major classes of microbes: viruses, bacteria, protozoa, fungi, and helminths or worms; while all can cause sepsis, in the U.S., the most common causes of sepsis are Gram positive bacteria (for example, Staphylococcus aureus and  Streptococcus pneumoniae), Gram negative bacteria (for example, Pseudomonas aeruginosa and Escherichia coli), and fungi (for example, Candida albicans);  
· However, protozoans can cause sepsis, such as in Malaria caused by Plasmodium falciparum, and some viruses can cause sepsis--for example, the “hemorrhagic fever” caused by Ebola virus is actually just a form of sepsis that involves, in addition, bleeding:  

· What is the common scenario or sequence or clinical situation that results in sepsis?   
· Localized infection develops, for example, in one of the following areas:  lung (pneumonia), kidney (pyelonephritis), or skin (Staphylococcal skin abscess); 
· At this point, the infection EITHER:
· a) SPREADS throughout the bloodstream (either the microbe itself OR microbial toxins OR both); 
· OR
· b) REMAINS localized, but triggers a strong or excessive systemic inflammatory response with high levels of mediators throughout the bloodstream; 

· NOTE that high levels of mediators also accompany the spread of microbes or microbial toxins into the blood stream—as in a) above; 

· It is important to understand that high levels of inflammatory mediators often cause many of the symptoms and signs of infection (with or without sepsis);  these include: a) fever (or rarely, lowering of body temperature); b) tachycardia; c) tachypnea; d) elevation (or rarely, lowering) of white blood cell count; e) anorexia; f) nausea; g) muscle aches (myalgias); h) headache; i) malaise (feeling “sick” or “unwell”); j) fatigue; k) weakness; among others; 

· It is important to recall that any single or combination of the following can cause the widespread damage to endothelia throughout the body that occurs “first and foremost” in early sepsis: 
· The properties of the microbe itself, such as component structural parts—for example, “endotoxin” (also called lipopolysaccharide) of  Gram negative bacteria;
· AND/OR
· Microbial toxins; 
· AND/OR
· High levels of inflammatory mediators (also called “proinflammatory mediators”); 
· In early sepsis, first and foremost blood vessel endothelia throughout the body are  damaged;  

· Before we get to the middle and later stages of sepsis, let us go back to the beginning of an infection and answer the following question:  How does the body’s immune system “recognize” or “detect” the onset of an infection?  
· Some cells of the immune system have “pattern recognition receptors” (PRRs) on their cell surfaces; these receptors detect various invading microbes;  one category of PRR’s are called “Toll-like receptors” (TLRs), named after a gene in fruit flies called the Toll gene; 

· What “sounds the alarm” of microbial invasion leading to infection? There are different types of receptors on cells of the innate immune system that recognize the “surface markers” of various microbes;  these receptors fit-like-a-lock-and-key” with markers of various species and types of microbes that infect humans; 
· The microbial markers are called “pathogen-associated molecular patterns” or (PAMPs); these PAMPs bind to the receptors on body cells;  these receptors are called “Toll-like receptors” or TLRs;  there are perhaps a dozen or two types of TLRs have the capacity to  bind to the PAMPs of various invading microbes; 
· Once binding occurs, this signals the cell to produce and secrete proinflammatory mediators—which physiologic, biochemical, and hemodynamic abnormalities of sepsis;   

· There are many proinflammatory mediators, but two of the most common are: a) tumor necrosis factor alpha (TNF alpha) and b) interleukin-1 (IL-1); in addition to releasing proinflammatory mediators like TNF alpha and IL-1, these activated cells release other mediators like adhesion molecules (that attract neutrophils to the area) and other molecules; 
· Proinflammatory mediators cause or mediate most or all the dysfunction and damage that make sepsis so serious and often lethal: 
· Activation/damage of endothelia which, in turn, triggers the formation of abnormal intravascular blood clots (thromboses) which, in turn, occlude or “block off” smaller blood vessels, which, in turn, leads to ischemia, which, in turn, leads to damage or death of cells, tissues, and organs; 
· In addition, the abnormal clotting sometimes “uses up” the clotting factors so that—eventually—there are no clotting factors to prevent spontaneous bleeding; this “combination of abnormal clotting followed by abnormal bleeding” is called “disseminated intravascular coagulation” or DIC;  
· Leakiness of blood vessels, which, in turn, results in decreased blood volume, which, in turn, contributes to low blood pressure or “hypotension;
· Inappropriate dilation of blood vessels, which, in turn, also leads to hypotension and even septic shock; 
· Impaired contraction of the heart, which, in turn, lowers cardiac output and therefore, contributes to hypotension and shock;  

· All the above changes or “pathological features” eventually develop in sepsis UNLESS the process is “halted” or “reversed” by successful treatment;  but if sepsis is not halted or reversed early, what ensues is “irreversible” septic shock and multiorgan failure; 
· The main problem or causative feature of septic shock and multiorgan failure is IMPAIRED PERFUSION (“reduced flow of blood”) to cells, tissues, and organs; this lack of perfusion kills cells and tissues and causes organs to fail;   
· What causes the lack of adequate perfusion?  
· The blood pressure is low (the blood pressure developed in the heart is not high enough to push the blood forward adequately around the circulation); this is known as “circulatory failure” which is the definition of shock; 
· Some blood vessels, especially small vessels (the “microcirculation”) are occluded or “blocked off” by the abnormal clotting that occurs in sepsis;  

· To make matters worse, the high levels of proinflammatory mediators are “toxic” to mitochondria; thus, not only are cells and organs “starved for oxygen” because of poor perfusion, but the oxygen that IS DELIVERED cannot be used to make ATP by the damaged electron transport systems of mitochondria;  
· Without adequate delivery of oxygen to cells and organs, and without normal mitochondria that can utilize oxygen to make ATP, ATP must be made via glycolysis that “ends up” producing excessive amounts of lactic acid; 
· In turn, the pH of the blood falls, which, in turn, further impairs heart function; septic shock is a form of distributive shock; 
· Recall that “shock” simply means “circulatory failure”; thus, septic shock means circulatory failure due to the infection and the extreme and dysregulated response of the immune system; 
· In the setting of sepsis (which must come first), the criteria to establish the presence of septic shock is:       
· a) Hypotension that requires intravenous vasopressors (IV medications that constrict blood vessels) to keep the mean arterial blood pressure above 65 mm Hg; 
· AND
· b) Blood lactate level > 2 mmol/L or 18 mg/dl (this is elevated because of the increased production of lactic acid); 

· Septic shock often includes and/or leads to multiorgan failure, also called multiorgan dysfunction syndrome or MODS; multiorgan failure involves the acute progressive loss of organ function due to impaired perfusion; 
· The two most common organs to fail in sepsis and/or septic shock are the lungs (called acute respiratory distress syndrome or ARDS) and the kidneys (called acute kidney injury or AKI); 

· Recall, from physiology, that the mean arterial pressure (MAP) is the “average” blood pressure in the aorta and arteries; this is hard to estimate because the pressure soars in systole and drops in diastole, and further, diastole is longer than systole; 
· While MAP can be measured directly by a catheter directly inserted into an artery (like the radial artery, called a radial “art line”), it can be estimated this way:  MAP = diastolic BP + 1/3 (systolic pressure – diastolic pressure); thus, a BP of 100/70 corresponds to a MAP of 70 + 1/3 (100 -70) = 80 mm Hg; 
· Recall that an MAP of 65 mmHg is one of the criteria of septic shock;  

· MAP depends on both the cardiac output, as well as the “caliber” or “diameter” of the entire collection of blood vessels of the arterial side of the circulation; this caliber is quantified by a corresponding variable called “peripheral vascular resistance” or PVR; when the caliber of the arterial side of the circulatory system is too BIG, the PVR (resistance to forward blood flow) is LOW (and vice-versa): 
· MAP = Cardiac Output (CO) * Peripheral Vascular Resistance (PVR),

· PVR is sometimes called Systemic Vascular Resistance (SVR); 
· PVR is HIGH when arteries are NARROWED or CONSTRICTED, and PVR is LOW when arteries are “WIDE OPEN” or DILATED; 
· In septic shock, the PVR is too high; that is, the arteries are inappropriately dilated; this is the main factor that lowers MAP and impairs perfusion; 

· In patients with septic shock, there are two main stages:  a) early shock, which is often described as “warm shock”; this is because the patient’s skin may feel warm (or at least, not feel cold) to the touch; this is due to the inappropriate vasodilation of arteries to the skin; b) late shock: 
· If septic shock is not “halted” or “reversed” by effective treatment, MAP drops farther—and the resultant decrease in blood pressure and decreased flow of  blood to the skin and elsewhere makes the patient’s skin feel cool or cold;
· This is also called “cold shock”; cold shock due to sepsis is usually fatal despite  treatment; as blood pressure falls, the brain is not perfused adequately for consciousness and mental status “decreases” to drowsiness, lethargy (“extreme drowsiness” and impaired responsiveness) and even coma; finally, lack of oxygen delivery to the extremities can lead to cyanosis;  
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