Microbiology notes – Midterm 1 

Lesson 1

Different classes of organisms: 
· Viruses (smaller than bacteria) 
· Mycoplasma (grow on non-living media, more delicate than bacteria because do not contain a rigid cell wall)
· Bacteria 
· Parasites 

Viruses: 
· Either contain DNA or RNA, NOT both 
· Some consider it to not be a living organism for this reason 
· Relies on a host for survival 
· Surrounded by a capsid 
· Attach, inject nucleic acid (penetration), highjack synthetic processes inside cells to make more viruses, package, get out while going is good...
· Chlamydia is a bacteria but only reproduces in living organisms (like viruses)
Bacteria: 
· Unicellular 
· More complicated than viruses
· Rigid cell wall (some don’t have this = more fragile)
· No nucleus 
· Contains DNA and RNA
· Does not rely on a host for survival 
· Binary fission (can divide) 
· They are prokaryotes 
· Not all bacteria are bad (normal flora of the body) 

Eukaryotes (yeast, fungi, etc.): 
· Unicellular and multicellular animals and plants 
· More complicated than bacteria 

Pathogens: 
· Organisms that have the ability to make you sick 

“Good” bacteria 
· Most microorganisms that we encounter everyday do not harm us
· Some bacteria have advantages 
· Prevent spoilage of food 
· Clean up toxic materials 
· Functional foods (foods modified by bacteria, like probiotics in yogurt) 
· Cannot live without bacteria because the ones in our environment help to shape our immune system
· Also synthesize certain vitamins (Vitamin K from the large intestine) 

Normal Flora 
· Resident flora = bacteria that enters the body and becomes part of the normal flora
· Transient flora = all the bacteria you come into contact with everyday and that enter the body but do not survive 
· Normal flora is a balanced ecosystem with multiple species and no single organism that predominates 
· Infection occurs when a single bacteria becomes predominant at a site or when a single bacteria enters the body that is normally sterile 
· Normal flora is found on the skin, the female genital track and in the digestive system 
· Normal flora in the gut helps to prevent infections from pathogens you ingest in your food 
· Normal flora participates in metabolism and synthesis of certain vitamins (vitamin K)
· Antibiotics can kill this normal flora if taken too often and in large doses – dangerous because it lets other bad bacteria have the chance to survive and colonize 
· Where should there be no bacteria? In the blood
· At times microorganisms can enter and cause problems 
· The young are more susceptible to disease because their normal flora is not well developed 
· The old are more susceptible because of the antibiotics they take for other illnesses they have 
· Not all bacteria can enter the body and become part of the normal flora, they need a certain type of environment to survive 

Bacterial pathogenicity factors influence the outcome of whether or not a bacteria will infect the normal flora, these mechanisms include: 
· Mechanical barriers 
· Adherence – bacteria need to adhere to the host 
· Phagocytosis – macrophages (bacteria with capsules are protected from phagocytosis)
· Antibodies 
· Complement –complex system of plasma proteins that work together to resist bacterial infection 
· Cell mediated immunity 
· Endo/exo toxin production 

Mechanical Barriers: 
· Saliva, skin (most important), mucous, tears, hairs, etc. 

The skin is not a good environment for bacteria because the epidermis is made up of mainly dead skin cells on the surface 

Normal flora is harmless as long as it stays where it is supposed to be 
If they escape to another environment = infection or a disease 

How do the bad guys get in? 
· Pathogens main objective is to get inside the body 
· Best defense is to prevent their entrance into the body (skin, mucous membranes, etc.)
· Tears contain enzymes that prevent bacteria from entering the eyes 
· Acidity of the skin kills bacteria 
· Immune system defends the body via immune cells 

Microbial disease
· Result of interaction between microorganisms and the host organism 
· Many factors that determine if a person will be sick or not (not just simply the presence of pathogens)
· Factors include: 
· Efficiency of the immune system 
· Previous experiences with the pathogen 
· Stress level 
· Number of pathogens that enter the body 
· For a pathogen to be successful and affect someone, they must: enter the body, escape the protection mechanisms of the body, colonize and multiply 
· Colonization = establishment and multiplication in/on the body of a microorganism without producing apparent or inapparent change 
· Contamination = refers more to an object (Ex: contaminating a surgical instrument with bacteria) Deposition without multiplication
· Infection = a person is considered infected when they have been colonized by bacteria and show symptoms. 
· Without signs of symptoms, they are only carriers (not yet infected)
· Carriers are dangerous too because no one is aware that they contain these pathogens because they do not show symptoms 
· Incubation period = period of time it takes for a pathogen to show symptoms (different for all pathogens)
· TB symptoms show up 20 years later (carrier for 20 years) 
· Clinical disease = easy to diagnose, symptoms are present 
· Sub-clinical infection = no symptoms, hard to diagnose 
· Compromised patient = patient deficient in an antimicrobial defenses of the body 



How do we measure how dangerous a bacteria / virus / parasite is? 
· Pathogenicity = the capacity to inflict damage as a result of both invasiveness and toxigenicity  
· Virulence = relative capacity to cause damage (the degree of pathogenicity, how severe the infection will be) 
· Opportunistic = do not normally cause diseases, but can do so when the defense mechanism is compromised. Almost anything can become an opportunistic bacteria if circumstances allow it (weak immune system) 
· Example: HIV patient with no immune system, bakers yeast can become dangerous for them 

Pathogenesis of infectious diseases 

Transmission = inhalation, ingestion, break in protective barrier, direct deposit 
· Inhalation = easiest way to encounter pathogens (because we constantly breathe) our lungs do contain cilia which traps bacteria that land in the lungs to avoid colonization 
· Direct deposit = a big injury that exposes tissue can attract bacteria that can land directly into the wound without any protective barriers preventing it 

Invasiveness = ability to overcome host defenses and multiply 
Microorganisms overcome the defenses of the host by their ability to: 
· Adhere to and persist on body surfaces 
· Protect themselves against bactericidal substances in body fluids
· Avoid phagocytosis 

Toxigenecity = ability to produce toxins 

How does a pathogen adhere to us? 
A bacteria needs to adhere, evade and invade the host 

Tools used to achieve these objectives: 
· Surface structures 
· Pili (fimbriae) = hair-like figures that make the bacteria more sticky so that they stick to the body, makes it harder for the organism to get rid of them) 
· Capsules = protects the bacteria from phagocytosis performed by macrophages 
· Enzymes – may contribute to the virulence of the pathogen 
· Coagulase – accelerates the clotting of plasma which creates a barrier against leukocytes and body fluids 
· The more of these tools that they have = the better the pathogen 

Toxigenecity
· If pathogens can produce toxins, they will produce symptoms right away 
· Toxins = substances (usually proteins) secreted by the bacteria with the hope to cause damage 
· The time it takes to produce symptoms is a good indication of whether or not the pathogen can produce toxins or not 
· Toxins = symptoms right away 
· No toxins = symptoms later 

Two classes of toxins: 

Exotoxins: 
· Excreted by living cells 
· Secreting toxins requires energy which can only be provided from a living organism
· Specific affinities 
· Thermolabile 
· Potent 
· Can easily be deactivated by certain treatments 
· Ex: Food born exotoxin – when you cook it enough, the toxin will be denaturized by the time it reaches your body 

Endotoxins: 
· Inside = never released by a living cell 
· Liberated when the cell is disintegrated 
· Less specific, can cause fever, malaise, shock 
· Thermostable (cannot denature it easily by heating it) 
· Less potent (dangerous) than exotoxins 
· Only time you can be killed by this time of toxin is when you take a large amount of antibiotics which kill all the bacteria at once and it therefore releases all the toxins at once 

· Some pathogens can only grown in absence of oxygen 
· Survive in areas of the body that are anaerobic and contain little oxygen (such as large intestine) 
· Can also live wherever you have a cut because blood is leaving the body 
· These types of pathogens can lodge themselves deep in the cut where the body is loosing not only blood, but also oxygen from the loss of blood supply 

Botulism= potentially fatal disease caused by a toxin (talk more about this in lesson 5)
· In our country, cause by canned foods that are not well prepared 
· These cells are only dangerous when they are multiplying (only multiply when they’re not in oxygen)
· The bacteria is not heat sensitive but the toxins it produces is, therefore we can kill it by cooking it prior to eating 
· Spore = form of bacteria that can resist heat 

Lesson 2 
Immunology = study of our protection from foreign macromolecules or invading organisms and our responses to them
What is immunity? 
· The body’s protection against infectious diseases 
· There are two types of immunity: 
· Non-specific immunity (innate)
· Specific immunity (adaptive, acquired)
· Both are important and work together to give efficient protection against diseases 

Non-specific immunity (innate) 
· Consists of the barriers, mechanisms and cells of the body that protect you 
· The skin is a part of this system as a barrier 
· Effective barrier because of low pH (acidic)
· Dry, dead skin cells provide no nutrients to the bacteria = cannot live in this environment 
· Lower temperature is suboptimal for some bacteria 
· Contains mucous membranes which secrete mucus to trap bacteria 
· Cilia present in respiratory tract help to get rid of bacteria that get trapped in mucus 
· Lysozymes are enzymes found all over the body, they attack bacteria, sort of a natural antibiotic (present in tears)
· The pH in the stomach, vagina and urine is very acidic which kills bacteria 
· Iron-binding proteins remove the iron from the reach of bacteria so they cannot grow, this reduces the chances of symptoms
· Phagocytosis = cells that circulate in the blood and take out anything that doesn’t belong (PMNs, monocytes and macrophages)
· Complement - complex system of plasma proteins that work together to resist bacterial infection

These mechanisms all help to protect the host and destroy bacteria! But if the bacteria manage to survive, there is also… 

Specific immunity 
· More complicated 
· Humoral immunity: defined by the presence of circulating antibodies 
· Cell mediated immunity
· Both of these mechanisms work together and are specific 

The difference between specific and non-specific immunity is that non-specific gets rid of all microorganisms whereas specific immunity only gets rid of bad microorganisms and can build on past experiences 


Where do immune cells come from? 
· B cells: produced by the bone marrow, produce antibodies and involved in the humoral system 
· T cells: produced by the thymus and contain different types which all work together to make up your cell-mediated immune system 
· Macrophages are part of the non-specific immune system 

Humoral immunity: 
· Consists of circulating antibodies produced by the B cells which are responsible for killing pathogens 
· Antibodies = protein that binds specifically to a substance (its antigen)
· Distinguishes “non self” from “self”
· Igs or immunoglobulins (five different classes)
· Recognize toxins, capsules, some viral proteins 
· Looking for antigens 
· Antigen = “non self”
· Substance capable of inducing a specific immune response such as the production of antibodies, can also elicit a cell-mediated response
· Protein, glycoprotein, lipoprotein, polysaccharide 
· What structures could be antigenic in bacteria? Virus? The proteins on their surface 
· The antibody and antigen process is the major part of the humoral immunity 
· The strongest antigen is typically proteins, other forms exist and can trigger a humoral response 
· Does not look at the invader as a single molecule but rather as multiple antigens 
· Antibodies attempt to bind to antigens to deactivate them 
· How does antibody binding occur?  Lock and key mechanism with the binding sites 
· Antibodies contain two receptors that can detect antigens 
· The antibody does not kill the bacteria right away 
· Cross links the bacteria and clumps it which interferes with their ability to multiply and divide 

Classes of Igs 
· IgG = single Y shape immunoglobulin, can cross the placenta and protect the newborn from infection (referred to as the maternal antibody) 
· Can bind phagocytes and macrophages which eventually destroy the microorganism
· IgA= made of two Y shaped molecules stuck together which gives it 4 recognition sites instead of 2 
· Found in secretions (tears, milk, gastrointestinal and genitourinary tract, mucosae of the respiratory 
· IgM= even more effective at detecting antigens because it has 5 Y shaped molecules = 10 recognition sites 
· Main immune globulin produced in the early immune response
· IgE= can potentially cause problems if they are overstimulated or overproduced which can lead to allergies
· But it is the most useful against parasites 
· Involved in some hypersensitivity states 
· IgD = role is unknown 

First and Second Immune Response 
· Each B cell slightly differs from another B cell 
· Allows each to produce a different antibody to detect different antigens 
· Each response is therefore different 
· Lock and key mechanism: antibody is trying to find the antigen that matches it 

First response (primary): 
· Pathogen is detected and activates a certain B cell 
· That specific type of B cell is gets produced more than any other B cell 
· Latent period= time the body needs to produce enough antibodies against the certain pathogen 
· Incubation period = the period between exposure to an infection and the appearance of the first symptoms.
· Short incubation period = symptoms will appear faster 
· Immune systems production of B cells is not fast enough for protection against this pathogen 
· 21 days for B cells to reach full production 
· Therefore the humoral system can protect you but may not act fast enough to protect against every pathogen 
· This is all considered to be apart of the first response 

Second response (secondary): 
· ***Basis for immunization***
· After 21 days, there are lots of antibodies that have been produced, bacteria get clumped and start dying off 
· B cells that were produced get primed from this experience
· In the future when you encounter the same antigen, you no longer need a long period of time to overproduce this type of B cell 
· More rapid than the first response 
· This is the reason you often cannot get the same infection or disease twice because being primed makes the response to the antibody much quicker = better protection
· Although there are exceptions because some antigens go through a mutation which changes their structure, the same B cell can no longer detect it, therefore you have to go through the first response again 
· Example: influenza virus (the flu)
· Vaccines: contain antigens but not enough to make the body sick or in an inactive form, therefore the body can develop the first response so that it is ready when the body encounters the real thing – can go directly to the second response 

Antibody Detection
Serological Reaction 
· Detects presence of antibodies in serum sample (e.g. screening of blood donors)
· Observable antigen and antibody interaction= agglutination 
· Antibody titration = quantitation of antibody in patient sera 
· Detect unknown microorganisms using known antisera 

Cell-Mediated Immunity
· Just as important and specific 
· Similarities and differences with humoral system 
· Difference: only T cells present, NO antibodies 
· Similarity: the T cells are also specific and involve antigens 
· Exposure to antigen induces response from trained T cells 

Extra note: viruses depend on the host for the things they need to live 
· That’s why they are called intracellular pathogens = they need to get inside the cell to survive 
· By the time the antibodies produce enough to fight the virus, after 21 days, the virus is already inside the cell and affecting you 
· The antibodies that are produced cannot attack the virus since it is already inside the cells of the body by that time 
· Therefore the humoral system will not help you with viruses 
· The cell mediated system is useful for these situations because it can detect the cells that have been affected by the virus and destroy them 
· Parasites and viruses require the cell mediated immune response 
· Can also be used for tumor cells and foreign cells 
· Bacteria and fungi require the humoral system because they are extra cellular pathogens 

Disorders of Immunity 
Age, race, stress, nutritional status, etc., can all affect the quality and the intensity of the immune system 
· Allergies and hypersensitivity 
· Over reaction to antigens in absence of true infection 
· Can be fatal (anaphylaxis= causes airway obstruction and circulatory collapse)
· Autoimmune diseases= very serious 
· Immune system reacts to its own “self” antigens 
· “Auto-antibodies” 
· Type 1 diabetes, MS, rheumatoid arthritis, lupus 
· Immunodeficiency disease 
· Inability to produce antibodies and/or dysfunctional CMI (cell mediated immunity)
· Congenital disease, AIDS 
· Graft rejection (kidney, bone-marrow, heart, etc.)
· Normal immune reaction to “non-self” 
· Controlled by immune-suppressive medication so the patient finally accepts the graft

Immunization: 
Passive immunization: 
· Rarely used but plays a role in certain infections 
· Involved in infections where the symptoms are so lethal, you can die within hours
· An injection of antibodies is used so that the person can protect themself right away instead of waiting 21 days for antibodies to be produced 
· Either IgG of animal or human origin 
· Animal IgG carries the risk of hypersensitivity reactions 
· Both are cleared from the body after a while 
· Later, the same person is given a vaccine so they can produce their own antibodies 
· This procedure is expensive but in some cases it is the only chance of survival 

Active immunization: 
· Longer lasting than passive immunization
· Vaccination 
· Vaccines are used to trick the body into thinking the vaccine is a pathogen so that antibodies get produced against it
· Whenever the host comes into contact with the actual disease, the host can skip the first response because it has already produced the antibodies, uses the second response = quicker reaction = extra protection against the disease 
· Vaccines are used more for viruses than bacteria 
· Reason why is because bacteria are easier to diagnose and can be treated with antibiotics 
· No easy way to detect viruses and treat them
· Most of our health care dollar is spent on viral vaccines (Mumps, measles, influenza, etc.)
· Most vaccines produced are safe and productive 

Types of vaccines available: 
· Live-attenuated vaccine 
· Result in a sub-clinical or mild illness that duplicates the disease to be prevented
· Local (IgA) and humoral (IgG) immunity 
· Rapid immunity development 
· HIV patients cannot handle vaccines because of their very weak immune system
· Killed vaccines, sub-unit vaccines and toxoids 
· Antigens without infectivity 
· Must be administered parentally with one or more spaced injections to give a satisfactory secondary response 
· May require boosters 
· Toxoids are usually administered in the presence of an adjuvant 
· Much safer 
· More advanced 
· Recombinant vaccine
· Most popular presently 
· Cheapest to produce 
· Safest but doesn’t always offer life long protection 
· Hep B vaccine 
· Absorbed vaccine
· Not really used anymore 
· Mixed with inorganic salt for slower absorption and longer-lasting immunity
· Tetanus and diptheria 
· Conjugate vaccines 
· Contain a polysaccharides capsule that is poorly antigenic
· Antibodies against this capsule protect against infection
· Becoming more and popular 
· Only use one protein 
· Helps to protect against multiple diseases 
· Combined vaccines 
· Several live attenuated vaccines or several killed vaccines, subunits vaccines and toxoids can be combined together 
· Facilitate their administration
· Combined Active-Passive Immunization 
· Immediate protection through passive immunization while at the same time proceeding with active immunization after possible exposure to microbe 
· Tetanus, Rabies, Hep B 
· Hyperimmune globulins and vaccine are injected at two different sites with different syringes 

Lesson 3

Penicillin 
· Sir Alexander Fleming discovered the first antibiotic in 1929 = penicillin 
· Introduced into clinical use in 1940s and 1950s = hailed as miracle drug 
· World War II: penicillin used to treat staphylococci and streptococci (1946)
· A lot less deaths in WWII because of antibiotics 
· Penicillin is most commonly used because it is the most safe antibiotic, barely any side effects, very effective and very cheap to produce 
· Very effective and useful but only for treating bacterial infections
· Only affects structures present in bacteria, not present in other microorganisms 
· Overusing antibiotics caused a huge problem = resistance 
· Bacteria developed a high level resistance to antibiotics
· Doesn’t kill the bacteria when they create a resistance 
· Staphylococcus aureus is an example of bacteria that has grown immune to penicillin – 80% of all strains are immune 
· Penicillin has never been able to treat Gram-negatives (Salmonella, Shigella, Bordetella pertussis, Yersinia pestis, Pseudomonas)
· Why? Because their vulnerable cell wall is protected by an outer membrane that prevents permeation of the penicillin molecule
· Resistance is a huge problem when trying to treat bacteria 
· Some bacteria do not create resistance
· Streptococcus pyogenes is still treated with penicillin though 
· The more you use an antibiotic = the more chance the bacteria will form a resistance to it 

Antibiotic therapy 
· DNA replication and mutation are happening happen all the time for bacteria which can create resistance 
· Mutation happens randomly and naturally 
· Antibiotics are very specific and target a specific structure in the bacteria
· Every part of the bacterial cell is determined by the DNA 
· A random mutation can occur at the DNA sequence for the bacteria can change the structure that the antibiotic is looking for
· Therefore, the antibiotic cannot bind to the structure it is looking for and cannot kill the bacteria 
· The protein that undergoes mutation in the bacteria still works fine though, antibiotics can just not detect it 
· Example: E coli 
· The only time that that one mutated cell will make a difference is if all the other bacteria in your system get wiped out and the system is left with only the mutated cell 
· Resistance is only a problem when you use the antibiotic for treatment and create selective pressure 
· Selective pressure= when the mutated cell is left and the others are killed off. The mutated cell divides and creates duplicates that contain the same mutation, therefore all the new cells are resistant 
· Do not overuse antibiotics= the more you use it, the more resistance you create 
· When we overuse antibiotics, we are forcing the bacteria to evolve in order to survive 
· When prescribing antibiotics, it is important to prescribe the right one for the corresponding bacteria 
· Important to monitor the antibiotic and make sure it is effective = monitoring therapy 
· If it is not working after a few days, go back to the doctor and change the antibiotic to avoid other complications (killing the wrong type of bacteria – normal flora)
· Effective chemotherapy depends on selective toxicity 
· Good against pathogen, does not affect the host 
· Exploit pathogen processes not seen in humans 
· Cell wall, metabolism, etc.

Acquired Resistance 
· Resistance occurs when a susceptible microorganism is no longer inhibited by an antibiotic agent 
· Antibiotic resistance has increased mainly because of these 3 reasons: 
· Use and misuse of antibiotics in agriculture and aquaculture 
· Use and misuse of antibiotics in human population (mainly in developing countries) 
· Many immunocompromised patients are remaining alive longer and are serving to harbor and transmit antibiotic resistant bacteria 
· Resistance cannot be stopped  
· But we can control the use of antibiotics so that we don’t use the wrong kind or too much (The more you use it, the more resistance you create)
· Important to do test to confirm a disease involves bacteria so that you do not use antibiotics for different cases (virus, parasite, etc.)
· Clinical misuse and overuse is the most serious factor that can cause resistance 
· Antibiotics are also used too much for agriculture 
· Animals exposed to antibiotics = their gut flora is infected 
· The more antibiotics used on animals, the greater chance that humans will acquire a disease like salmonella because the bacteria in the animals become resistant 

What happens to bacteria that make them resistant? 
· Three majors ways that the bacteria cell can become resistant 
· Alteration in drug target: mutation affects the binding site and the antibiotic cannot find the bacteria (Example: Rifampin = altered RNA polymerase)
· Production of inactivating enzymes: picking up the ability to have enzymes that destroy the antibiotic (Example: B-lactams = B-lactamase)
· Decreased uptake of antibiotic: can do this in two ways (Example: B-lactams = altered outer membrane proteins)
· Mutation in the cell’s membrane so that the antibiotic can’t get in 
· Mutation can change the charge of the cell so that the antibiotic can’t enter 

Types of resistance: 
· Intrinsic resistance: Certain bacteria will never be killed by an antibiotic because it naturally does not contain the structure that antibiotics search for in bacteria – more predictable 
· Acquired resistance: unexpected resistance because the bacteria acquires the resistance which can cause treatment failure because the initial treatment is no longer affective now that the bacteria has acquired resistance to it 
· Driven by two genetic processes in bacteria: mutation + selection (vertical evolution) and exchange of genetic material (horizontal evolution) 
· Involves the 3 strategies listed above that make them become resistant

Decreasing antimicrobial resistance: 
· Withholding antibiotics = creates less of a chance for resistance
· Do testing first to determine what antibiotic to use = decreases chances of using useless antibiotics that could create a resistance 
· Base decision about broadness of empiric antibiotic coverage on severity of illness
· Don’t rely on antibiotics, try to prevent diseases before they start 
· Education helps to achieve therapeutic and preventative goals. Educate yourself on the following questions… 
· When are antibiotics needed?  
· How to take them?
· What is the proper duration? 

Diagnostic Microbiology 
· Isolation of pure culture from specimen, why? 
· Helps to study each specimen individually and find which one is the pathogen 
· Culture media = nutrient material used to grow and isolate microorganisms 
· Type of media used based on many factors to be considered: 
· Source of sample tested 
· Species suspected to be in sample 
· Nutritional requirement of the suspected organisms

Inoculation methods: 
· Streak (most common)
· Spread
· Pour
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Inoculation: 
· Used to see what is growing in a certain sample (blood, stool, etc.)
· Inoculation loop = instrument used for streaking a sample 
· Sterilize the sample with fire first and then streak it on the petri dish 
· Each colony in the isolate colonies represents about 10 million bacteria cells 
· For streaking, you do not stop with just one sample 
· Take the loop, put it in the flame to sterilize it again, go over the area that is already streaked and bring some of the sample over to another part of the dish 
· Continue this patter, sterilize the loop again, use the second sample to create a third one, and so on… 

Preservation of cultures: 
· Need to keep cultures alive to study them 
· Can store them in a simple refrigerator for short term preservation
· To keep them for longer, can use more specific instruments (freeze-dried (lypholization) or a -80 freezer or frozen in liquid nitrogen)

Why would we want to keep a copy of bacteria we isolated from a patient? 
· To study it – find out what type it is and therefore how we can treat it 

Identification: 
· Looking for clues as to what bacteria or virus is causing the infection 
· Look at colony morphology – look at the petri dish 
· For cellular morphology a microscope is needed 
Examples of colony morphology in picture below 
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Colonial morphology: 
· Look at shapes, margin and elevation of the colony to determine the type 
· Also use the smell as a clue 
· Often clues are not good enough to make a final decision 

Staining techniques: 
· Three steps: 
· Make a smear
· Fix dried smear by heat 
· Stain with desired dye 
· Many different stains you can use 
· Simple stains = only give a general look on how many bacteria there is and their size, number, arrangement and shape. Not used to differentiate bacteria cells because all bacteria come out as the same colour. Example: methylene Blue staining 
· Differential stain = used to differentiate bacteria, uses different colors (two or more dyes)
· Gram stain is an example 
· Gram stain is the name of the method, not the stain itself 

The Gram Stain
Considered one of the most important staining procedures in microbiology! 
Four steps:
1. Flood slide with a purple stain called crystal violet, then let it sit for about 90 seconds, then wash off the stain with water 
2. Flood with iodine solution, let it sit for about 90 seconds and then wash it off 
3. Most critical step, the timing is crucial! Let alcohol sit on the slide for 20 seconds 
4. Flood with safranin (pink colored stain), let it air dry 

At the end of these steps, the bacteria will either be stained pink or purple 
Purple = gram positive (+)
Pink =gram negative (-)

· This helps to separate bacteria into two groups (Gram + and Gram -) which is useful because it helps to distinguish between different types of bacteria that have similar symptoms 
· The cell wall of the bacteria determines if they are gram + or gram – and is responsible for their cell growth and division 
· The cell wall is the key because it determines what stain reaction will happen 
· Peptidoglycan = material that the stain binds to (pink and purple stain) also determines the shape of the bacteria 
· Gram – cells have a second membrane called periplasm in their cellular wall
· Decolorization stage (stage 3) is important because the alcohol removes the purple stain from the peptidoglycan 
· The difference between gram + and gram – is that thickness of the layer 
· For Gram + the 20 seconds is not enough time to remove all the purple stain because it has a thick membrane, therefore it becomes purple 
· Contains both the purple stain and pink stain but the purple stain shows up more
· For Gram – the 20 seconds is enough time to remove the purple stain because it has a thinner membrane. This decolorizes the cell completely and this is why after it receives the pink stain, it only appears pink 
· This is why timing is so essential for the third step! 
· More than 20 seconds would be enough time to decolorize both cells so there would be differentiation between Gram + and Gram  - 
· This would prevent from making a correct diagnosis 

Lipopolysaccharide (LPS) = an endotoxin that is only found in gram – cell wall, therefore only gram – cells can produce toxins 

Other stains 
· More specialized for other structures 
· Endospore = malachite green applied with heat to penetrate spores followed by counter staining safranin
· Capsule = treat with copper sulfate before staining to visualize capsule as a clear zone surrounding cells 
· Flagella = use of mordant to thicken flagella before staining to visualize 
· Fluorescent stain= uses fluorescent dyes to tract antibodies in organisms 

Electron microscope: 
· Needed to see viruses 
· Million times magnification possible 
· Very expensive 

So what’s the bottom line? 
· Morphology helps to classify and identify 
· Example: gram stain
· Gives clues to how they behave in the environment 
· Capsules, endospores… 
· We look at how bacteria are arranged, their shape, their stain = all this gives information 
· Selective media = useful but contains certain ingredients that prevents bacteria from growing 
· Differential media = allows the bacteria to grow, but when they grow they look different which allows you to differentiate the parts of bacteria 

Characteristics of bacteria
· Small 
· Higher surface area / volume ratio 
· Higher metabolism 
· Faster growth 
· Replication rate (20 minutes)
· Typical shapes of bacteria: coccus (spherical) bacillus (cylindrical) and spirillum (spiral)
· Bacteria are usually arranged in specific patterns 
· Single cells (spiral and/or rod shaped)
· Diplococci (pairs) – when coccus divides in one plane  
· Chain ( when coccus divide but remain attached in one plane)
· Tetrads (cocci dividing at right angle to first plane of division)
· Division in three planes (grapelike clusters)
· Cubical packet of eight cells (further division in third plane)

Definitions
· Chemically defined = exact composition known 
· Chemically undefined = some components cant be controlled (beef extract, blood, etc.)
· If solid (versus liquid) growth = 1.5% agar used 

MacConkey S/D media (selective/ differential media)
· Contains bile salts, crystal violet and helps to destroy the cell wall of gram + bacteria 
· This is why gram + bacteria does not grow on MacConkey plate 
· Therefore whatever grows on that plate is gram – 
· Very useful for detecting Gram + or Gram – 
· The main nutrient on this plate is lactose, which is the key of differentiation 
· Gram – bacteria can end up looking different on this plate depending on which bacteria use lactose 
· Lactose fermenter that grows on this plate turn reddish 
· If it is not it will turn beige or white 
· Why is it a big deal if they are lactose fermented or not? 
· E coli and salmonella are gram – 
· Therefore a gram stain cannot differentiate these bacteria 
· E coli is a lactose fermenter but salmonella is not 
· Salmonella appears beige or white, E coli appears red on MacConkey plate 
· MacConkey plate therefore is very useful in this situation 
· Helps to distinguish a pathogen (salmonella) from a non pathogen (E coli)
· Choosing the right media is very important to be able to grow bacteria to study 
· Temperature is also important 

Other types of media
· Enrichment media = used to increase number of specific organism in a sample by favoring the growth of the interested species 
· Tissue-culture media = plant or animal cells grown in a lab in specialized media used to cultivate viruses in vitro since viruses can only replicate in living host cells 

General media requirements: 
· Bacteria: requirements vary 
· Yeasts – high sugar and lower pH 
· Anaerobes – must remove oxygen 
Temperature requirements
· Must be inoculated at the right temperature to allow the microorganisms to grow and multiply 
· Psychophriles can survive in very cold temperatures 
· Grow best at 15-20 degrees 
· Can multiply in places like refrigerators 
· Very dangerous 
· Mesophiles = grow best at a temperature of 25-40 degrees 
· Most bacteria are apart of this category 
· Thermophiles = survive in higher temperatures (40-85 degrees is where they grow best)
· Pylorobus fumarii is an extreme thermophile 
· Discovered in the walls of a deep sea hydrothermal vent 

Oxygen requirements
· Anaerobic bacteria are the most difficult to study because they die when oxygen is present (need special jars or chambers to contain the bacteria)
· Facultative microorganisms = can grow with or without oxygen 
· Microaerophilic = can use oxygen (1 to 15% oxygen level is best) 

pH and Water requirements 
· Most bacteria prefer a slightly alkaline pH 
· Intracellular pH is 7.5 
· Growth observed at pH values of 4-9 (optimum 6-8)
· Wet environment is more favorable than a dry environment 

· Light and osmotic pressure is also important to consider for some cells (hypertonic = looses water and shrivels, hypotonic = gains water and ruptures)

Lesson 4 
Types of bacteria 

Pathogens = escape from the non-specific and specific immune system and cause damage and symptoms to the body. Can be divided by the type of disease that they cause 

· Cocci = sphere shaped bacteria 
· Named cocci based on appearance and how they relate to each other 
· Can cause different diseases 
· Two major groups of cocci bacteria… 

Staphylococcus aureus 
· Most common coccus
· Grows well on simple media 
· Can cause diseases in the hospital environment 
· Can create high resistance to penicillin 
· The first word in the name of the bacteria indicates the type of genus, in this case it would be staphylococcus 
· The second word indicated the type of species of the bacteria, in this case it is aureus
· Known to form into grape like clusters of cells 
· Ability to produce a lot of different structures and materials to help them to be pathogenic (toxins)
· Many toxin substances that have different functions, help it to survive and escape the immune system 
· Cytotoxins = toxin that can damage a cell in your body(leukocytes, erythrocytes, macrophages, platelets and fibroblasts) (cause lesions, sores and tissue damage)
· Haemolysins = Toxin that can break open red blood cells
· Purpose is because RBCs contain nutrients and therefore they break them open to access their nutrients 
· These nutrients help them grow and multiply quicker 
· Enterotoxin= affect the gut, can lead to food poisoning
· Entero = enteric system 
· Staphylococcus aureus can cause food poisoning 
· Berry products, dairy, and sugary type products are most likely to be linked to food poisoning caused by staphylococcus aureus 
· Major problem with this bacteria is that they cause a lot of damage to the skin (lesions + tissue damage) 
· Can be fatal in a hospital setting 
· Exfoliative toxins = damage skin 
· Toxic shock syndrome = causes severe septic shock, if not treated can be fatal 

For Exam: both of these words are written in italics when possible but on EXAM UNDERLINE THESE WORDS if there is written questions
Genus name is always capitalized and species is lowercase 

Enzymes
· Coagulase = causes blood to clot 
· Can form a tiny blood clot around where the bacteria is growing 
· Protects the bacteria from WBCs, antibodies and phagocytes so that the bacteria can survive
· Produced by almost all pathogenic staphylococci 
· Coagulase test is used as the main test for the identification of Staphylococcus aureus 
· Beta-lactamase = destroys penicillin 
· Makes the antibiotic inactive so that the bacteria can become resistant 

Staphylococcus aureus is carried (not enough to produce symptoms) in the anterior nares, axilla, perineum and hands 

Problems: 
· 85-90% of strains isolated in the hospital are resistant to penicillin 
· Causes hospital acquired nosocomial infections from stitch abscesses, infected wounds or generalized infections
· Can be prevented by: aseptic technique in ER and OR - wound precaution, education of health personnel and hand washing 
· Can also be carried by normal individuals up to 15% may carry it at one time or another in the anterior nares, axilla, perineum, on their hands, etc.
· The immune system does not know how to fight it off and the medication (penicillin) does not work 
· Localized purulent infections (pustules, boils, styes, conjunctivitis, otitis, etc.)
· Can cause pneumonia, osteomyelitis, septicaemia and endocarditis 
· Food poisoning, toxic shock syndrome, scalded skin syndrome 
· Penicillin resistant and resistant to lacomize, even in high doses 
· Used to double the treatment = did not work 
· Methicillin was used to treat this bacteria as well but again it was resistant 
· Then, we added all three together = still did not work 
· The only thing that can kill these bacteria is when the immune system can finally adapt and fight off the bacteria 
· MRSA = Methicillin-resistant Staphylococcus aureus (MRSA) infection is caused by a strain of staph bacteria that's become resistant to the antibiotics commonly used to treat ordinary staph infections.
· Most often happens for people who have been in hospital settings or health care settings  

Education is important (hand washing)
Hand washing is the most effective and less expensive way to minimize infection 

Staphylococcus epidermis
· One of the few bacteria that can reside in the skin/ mucous membrane flora 
· As long as they stay in the skin, the host will not get sick 
· Presents risks during open heart surgery
· If they get into the CNS these bacteria can become dangerous 
· = Opportunistic pathogen 

Streptococci 
· Also a gram + cocci 
· Arranges in pairs or forming chains 
· Grow on blood agar 
· Looks similar to streptococcus except for their arrangement 
· Many species in streptococci that are pathogenic and cause diseases 

Three major classification systems: (subdivides them into groups)
· Haemolytic properties = measuring the ability of these cocci to produce haemolysins (toxin mentioned earlier that can break open red blood cells) 
· Beta = clear and transparent, produces more haemolytic properties 
· Alpha = halo around the colony, partial haemolytic properties 
· Gamma = no haemolytic properties 
· Carbohydrate C antigen = (Lancefield classification system) immunology test based on an antigen that is found on the cell wall 
· This antigen is very common but very unique in different types of streptococci 
· This test allows us to create antibodies against the certain antigens that the streptococci type contains 
· Test is determined by anti-serum that helps to determine antigens 
· Most commonly found is group A 
· Second most common is group B 
· M-protein =Sort of pilli 
· Find about 70 serum types in streptococci 
· These 3 systems are very important for determining the type of streptococci 

Streptococcus pyogenes 
· Efficient in breaking RBCs = beta haemolytic 
· Group A streptococcus 
· Causes a whole different series of symptoms 
· Acute sore throat or tonsillitis, also causes strep throat 
· Strep throat can be a short term illness that can be cured easily 
· In some cases, they can cause skin infections, high fever, septicaemia, etc. 
· Can produce a number of toxins 
· Streptolysins = kill macrophages so that they can escape the immune system and survive longer (two types of this)
· Streptococcal pyrogenic exotoxins = causes a rash (scarlet fever rash) which requires treatment. Very rare, only certain bacteria can make this toxin 
· 9 times out of 10, when you get this type of bacteria, you will only get strep throat 
· Sometimes contains an enzyme called hyaluronidase = breaks open hyaluronic acids that holds cells together and this helps to make bacteria spread more quickly and affect more cells can cause more tissue damage 
· Helps the bacteria spread quickly through your body 
· When you over produce hyaluronidase this is the main cause for flesh-eating disease (Necrotizing fasciitis) 
· Best way to fight flesh-eating disease is high doses of aggressive treatment right away with penicillin 
· Flesh-eating disease is very rare 
· Streptococcus pyogenes can be found in 5-10% of healthy individuals 
· Continue to use penicillin (G) to treat streptococcus and we have not yet seen signs of resistance 
· Transmitted through direct contact, contaminated food can cause outbreaks 
· Education of health personnel, aseptic obstetric procedures and early detection and treatment are also important 

Streptococcus agalactiae 
· Group B 
· Example of an opportunistic pathogen 
· Common resident flora found in the female genital tract 
· Anything that colonizes the female genital tract can cause neonatal infection 
· Neonatal infections= disease that can harm newborns if they come into contact with the flora of the woman because the baby does not have any flora or immune system 
· Two types of this disease: 
· Early septicaemia:
· Rare 
· Goes into the bloodstream and/or lungs and can lead to respiratory stress and shock symptoms 
· High fatality rate 
· Very rare that it would be this drastic 
· Delayed Meningitic form
· More common 
· Weeks later, see symptoms (1-12)
· Baby can recover if it is treated right away 
· If untreated, can lead to long term or permanent damage 

Streptococcus faecalis 
· Group D 
· Part of the normal flora of the GI tract  
· May cause infections when introduced into tissues: urinary tract infections, septicaemia, endocarditis, meningitis 
· Unique because it is naturally (no mutation) resistant to common used antibiotics 
· If you don’t take antibiotics, these bacteria do not bother the host at all 
· When you take antibiotics, the normal flora in the gut can get wiped out but these bacteria remain because they are resistant
· Since they are the only ones left, they receive all the nutrients and multiply causing a high number of these bacteria = symptoms 
· Therefore, they are an opportunistic pathogen that prey on compromised individuals 
· Bacteria like this are the reason why people say when you take antibiotics, you should eat yogurt because you provide more bacteria that contribute to the normal gut flora 

Viridens streptococci
· Present in the mouth 
· Dangerous only when you bite your cheek or cause a tear in the protective barrier in your mouth, this opens up a window for this bacteria to go into the bloodstream 
· They then get carried to other parts of the body where they can cause damage 
· If they get to heart, can cause inflammation of the heart muscle and damage to the heart valves = endocarditis 
· This is why after dental surgeries, the dentist will prescribe antibiotics so that the bacteria does not escape and cause these symptoms 

Streptococcus pneumoniae 
· Also known as pneumococcus 
· Produces a polysaccharide capsule that protects itself from phagocytic properties 
· Found in nasopharynx of healthy individuals 
· Can cause lobar pneumonia which can lead to meningitis  
· Affects mostly the elderly and alcoholics 
· Vaccination exists for this bacteria 
· Prevention includes programs for the elderly and alcoholics, avoidance of crowded living quarters and vaccination for those highly at risk 

Gram – Cocci 
· Circular cells 
· Gram – 
· Only two species that we have to worry about for becoming pathogens 

Neisseria gonorrhea 
· Gram – diplococci 
· In a clinical lab, grow on Thayer-Martin media in damp environment with CO2 
· Very sensitive to drying and changes in temperature, not easy to recover 
· Bacteria associated with gonorrhea
· Second most common STD after chlamydia 
· Rate of gonorrhea has been increasing for a long time but in recent years it has been decreasing because of more public health awareness and using more precaution during sex
· Most awareness has been for HIV but this leads to the decrease of other STD’s like gonorrhea because they are prevented in the same way 
· Symptoms affect both men and women equally 
· In men: infection is acute (short lasting) even without treatment, the symptoms can go away 
· In women: 50% are asymptomatic (symptoms don’t occur) 
· Cervicitis = inflammation of the cervix 
· If untreated can cause Pelvic Inflammatory Disease (PID) and lead to sterility 
· This is worse because the person doesn’t know they are carrying the organism 
· More likely to spread the disease 
· Disseminated Gonococcal Infection (DGI)
· 1-3% cases, usually women 
· Fever, skin infection, arthritis 
· When these bacteria are in the genital tract, can get transmitted to a newborn during delivery = neonatal infections 
· Cause conjunctions to the newborn (eye infection)
· This is why newborns receive eye drops after being born in case they are exposed to this 
· Rare 

Diagnosis
· Men: use microscopy to directly observe swabs of urethral discharge 
· Women: culture is necessary from endocervical, urethral and anal swabs 

Prevention and treatment 
· There were attempts to try and come up with an effective vaccine 
· Institution that has spent the most money trying to find a vaccine for this is the U.S military – Walter Reid Army Institute 
· Have developed vaccines but they have not been protective
· Neisseria bacteria is a hairy bacteria (pilli) which makes them very sticky to the genital tract so it is hard for the body to get rid of them 
· The pilli protein goes through a high frequency of combinations (DNA mutations)
· Still does its function of being sticky 
· But changes in a way that it seems different to the immune system 
· You would therefore need to constantly give a new vaccine for this bacteria to stop the different forms of the bacteria  
· Penicillin doesn’t always work for this bacteria (resistance is emerging) – but in the majority of cases it still works 
· Treat using cefixime, ciprofloxacin or ofloxacin combined with doxycycline/azithromycin 
· Treatment of both partners is essential because one might be a carrier and not know it 
· No vaccine available yet 

Neisseria Meningitis 
· Diplococci = two rounds cells stuck together 
· Neisseria bacteria are very picky for nutrients that they need = die easily 
· Not easy to culture in a clinical sample 
· Use selective media (Thayer-Martin) to isolate but enriched media and chocolate agar to grow 
· Very effective in growing Neisseria bacteria 
· Found in the nasopharynx, but if it stays too long it can cause symptoms for pneumonia which can lead to other diseases listed below 
· Antiphagocytic polysaccharide capsule 
· 13 different serogroups (a group of bacteria with a common antigen) 
· A, B, C, X, Y and W135 most prevalent 
· Vaccine is available 
· Vaccine is made against the capsule found in this bacteria 
· Only affects humans – children are the most vulnerable or people living in crowded quarters, also military recruits 
· Can cause local epidemics either because the vaccine didn’t work or a group did not receive the bacteria 
· Infection can result in: 
· Meningitis 
· Septicaemia (starts as skin rash and then goes into the blood)
· Waterhouse Friderichsen Syndrome (complication of septicaemia)
· Extremely lethal and rare 
· For babies this is hard to diagnose 


[bookmark: _GoBack]Prevention and treatment 
· Vaccination is best way to prevent 
· Conjugated vaccine for serogroups A, C, Y and W135 
· Vaccine is recommended for children of 11-12 years, teenagers entering high school and college freshman residing in dormitories)
· Meningococcus vaccine for infants at 2-5 months (serogroup C)
· Penicillin is the antibiotic used  
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