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Lecture 1 - The Public Health Model

 

Working Definitions

· Health
· Definition: "state of complete physical, mental, and social well-being"
· This is an idealistic goal which can never really be reached
· Sometimes this definition can be used in politics to maintain the "status quo" because radical decisions can be criticized on the basis of the effect they would have on the current state of health in the country
· Illness
· Definition: "unwanted condition in one's person or self (body, mind, soul, or connection to the world)"
· Note that this is subjective, because one person could want the same thing which is unwanted by another person…thus a "value judgment" (subjective assignment of value) is involved here
· Disease
· Definition: "a fall or lowering of an individual's ability to function"
· It is now somewhat more objective, although subjectivity remains because "ability to function" may differ by time and place (for example, homosexuality is accepted now, but before it used to be considered as a psychological disorder)
· Diseases can be classified based on:
· Anatomy (what part of the body does it affect?)
· Physiology/biochemistry (i.e. the flu is characterized by increased mucus secretion in the upper airways…so this is a physiological thing…also…diabetes is characterized by altered physiology and biochemistry)
· Histopathology (the study of microscopic anatomical changes in diseased tissue…i.e. hepatitis is a disease which is characterized by pronounced changes in the liver's tissue structure)
· Etiology (it means the origin/source/causative agent of the disease…thus we can classify diseases by saying "bacterial disease", or "viral disease", etc.)
· Infectious Diseases: the 3 Main Criteria
· What is the disease agent?  (with infectious diseases, these are mostly microbial)
· What is the host (the individual organism in which the infectious agent lives and produces the disease state)?
· What is the environment where these interactions are allowed to occur?  (Where do conditions exist which allow the disease to occur?)
· Important…with only a few exceptions, the environment always plays a large role!  (Either social or physical…)
· Thus the biological processes are necessary but not sufficient for infectious diseases to occur
 

Paradigms of Health and Disease

· Biomedical Model
· Characteristics of the biomedical model:
· Mechanistic - we seek to discover how it works…what the mechanisms of it are…
· Reductionistic - we break down the processes into their simplest observable parts
· Positivist orientation - we form hypotheses which are testable
· Biopsychosocial Model
· Characteristics of the biopsychosocial model:
· It is broader than the biomedical model because it includes social and behavioral determinants which affect health
· It incorporates positivist and normative perspectives
· It is patient-centered rather than population-centered (hence the "psycho" part of the model)
· Social-ecological Model
· Characteristics of the social-ecological model:
· We believe that a person's health results from his interaction with the environment
· We look at his relationships on a micro level (individual), meso level (community), and macro level (society)
· We focus on things which result in dysfunction in these relationships…although sometimes we can't do anything about it because the factors are so large
· Public Health Model
· Characteristics of the public health model:
· These are societal efforts to protect, promote, and restore people's health
· Much of the efforts are analytical and organizational - we want to identify health problems in the population and how to improve, prevent, and control them
· Note that this can be controversial because people disagree on what constitutes "health"…so we are not free of "value judgments"
 

History of Public Health

· Factors which shaped modern public health systems
· Increase in scientific knowledge of sources and means of controlling disease
· Public acceptance of disease control as a possibility and responsibility
· Historical context
· Early 19th Century: Sanitary awakening
· We started to care about public water and sewage control, especially in urban settings such as Toronto and London
· Mid to Late 19th Century: Age of Bacteriology and Koch's Postulates
· Bacteriology is the study of bacteria and how infectious diseases are caused…it was founded by Robert Koch
· Koch formulated hypotheses for determining whether a parasite was the cause of some disease:
· The organism must be found in all animals suffering from the disease, but not in healthy animals
· The organism must be isolated from a diseased animal and grown in pure culture
· The cultured organism should cause disease when introduced into a healthy animal
· The organism must be re-isolated from the experimentally infected animal
· Early 20th Century: Personal hygiene/sanitation
· Mid 20th Century: Expansion of role of government in personal health
· Late 20th Century: Crises in care and health care financing
· Public health programs were starting to struggle because they weren't being given enough funding
 

Missions and Content of Public Health

· Assessment
· This involves surveillance of a population to identify disease patterns…we look for:
· Frequency
· Geographical data
· And so on…
· Policy development and planning
· We need to identify goals and make decisions
· Assurance
· Here we are discussing the implications of the policies we put in place…i.e. kids cannot buy cigarettes, restaurants are subject to health & safety inspectors, etc.
 

Determinants and Occurrences of Disease

· Determinants of human disease
· Genetics (genes which can lead to breast cancer)
· Environmental (toxins in the environment)
· Social-Cultural (food is culturally prepared in an unhealthy way)
· Behavioral (smoking)
· Economic (tuberculosis resulting from poverty and undernutrition)
· Degenerative (Alzheimer's Disease caused by degenerating neurons)
· Infectious (we are exposed to a virus)
· Factors contributing to decline in mortality from (infectious) disease
· Improved patterns of sanitation
· However, here we have the "Prevention Paradox", which is that sometimes the eradication of a disease from a society can bring about adverse effects to other components of that society…so, what to do?
· For example, preventing against West Nile Disease may involve spraying of crops, which could damage them and result in less food
· Decline in birth rates
· This is part of the "epidemiological transition", which is a macro-level process where we move from mostly having infectious diseases to have chronic non-communicable diseases
· The decline in birth rates is one symptom of this occurring (or is it a reason?)
· Decline in mortality before specific disease control measures
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Lecture 2 - Background to Emerging Infectious Diseases

 

Concepts of Emerging and Re-emerging Infectious Disease

· Emerging Infectious Disease
· Definition: "a disease which is newly described or newly appearing" (i.e. in the past two decades)
· Re-emerging Infectious Disease
· Definition: "a newly expanded or a familiar/old disease which has made a re-appearance in a region"
· Historical Patterns of Infectious Diseases in "First World" Nations (1900-1997)
· We see that over time, there has been a steady increase in the prevalence of infectious diseases in the United States
· Here and there, we see jumps due to outbreaks such as influenza
· However in recent decades, the numbers have risen slightly due to diseases such as HIV and tuberculosis
· Also note that the leading causes of death have shifted from communicable diseases (such as tuberculosis) to non-communicable diseases (such as heart disease)…this is the "epidemiological transition" which we discussed earlier
 

Infectious Disease Epidemiological Terms

· There are many different kinds of outbreaks:
· Epidemic: this is an outbreak or an occurrence in a community/population of cases of disease in CLEAR EXCESS of normal expectancy (for example, food poisoning)
· Pandemic: this is an epidemic that occurs over a wide geographical range, and thus affects many people (for example, HIV/bubonic plague)
· Endemic: this is when the presence of disease in the population is CONSTANT (for example, cardiovascular disease because it's not going away any time soon)
· Epizootic: this is an epidemic in an animal population (for example, raccoon rabies in the US)
· Epornithic: this is an epidemic in birds
· Zoonoses: anything in an animal population which is actually/potentially transmissible to people
· There are different modes of transmission for infectious agents:
· Environmental exposure
· Direct exposure: source -> humans
· i.e. Solar UV rays hit us directly
· Indirect exposure: source -> vehicle -> humans
· i.e. Legionnaires' disease, which is when bacteria grow in aquatic environments and then we contract it by aspiration
· Anthroponotic infections
· Direct exposure: human -> human
· Indirect exposure: human -> vehicle -> human
· Something has to carry the disease between humans…for example, the sharing of dirty needles
· Zoonotic infections
· Direct exposure: animal -> animal -> human
· Normally it just goes from animal to animal, but if a human is in the wrong place at the wrong time, it can contract it from an animal
· Indirect exposure: animal -> vehicle -> animal -> vehicle -> human
· The disease is transferred amongst animals by a vector…and if a human comes into contact with the vector, it can contract the disease
· Note that humans are considered "dead-end hosts", which means that once a human has this disease, it cannot pass it on to anyone else (either human or animal)
· For example, Lyme disease is transmitted by ticks
· Anthropozoonotic infections: animal -> vehicle -> animal (-> human -> human) -> vehicle
· So here we have a disease which is generally transmitted amongst animals via a vector…however, humans can catch it from animals, and then transfer it to other humans (hence the "anthro")
· For example, bovine tuberculosis is a disease found normally amongst cows…however, if a human who is working with the cow contracts it, he can pass it on to other humans
· Also, giardia duodenalis is a disease affecting the GI tract which we can get from gorilla feces
· Amphixenotic infections: animal -> human -> animal -> human
· These are diseases which can be passed from animal to human and human to animal
· For example, avian influenza can be transferred between animals and people, and vice versa
· Other terms to know
· Incubation period: "time between exposure to infectious agent and onset of signs and symptoms"
· This varies with each infectious disease due to the following factors:
· Dose of infectious agent
· Route of exposure to infectious agent
· Is it through the skin?  Oral?  Etc…
· Rate of replication of infectious agent
· Host characteristics
· Strength of the immune system, gender, etc.
 

Lessons Learned from Historical Epidemics and Pandemics

· Plague
· Epidemiological information
· The etiological (causal) agent was the bacterium Yersinia pestis
· The primary host was rodents
· The vector (for transfer to humans) was fleas
· The plague has been found everywhere in the world except for Australia and Antarctica
· There are two types of plague:
· Bubonic plague
· It can be transmitted by the bite of an infected flea, by eating an infected rat, or through contaminated soil
· It is fatal in 50% of untreated cases
· Pneumonic plague
· This is transmitted respiratorily (meaning that people can expose others just by coughing)
· It stimulates enzymes in the blood which causes blood to leave the circulation, which reduces blood pressure and causes the individual to experience circulatory collapse
· It is fatal in close to 100% of untreated cases
· Chronological data
· Homer's Iliad referred to a plague-like illness
· In the 14th century, we had the "Black Death" in Europe
· In the 20th century, there have been a few isolated cases in North America
· Factors associated with control of plague
· Availability of antibiotics and pesticides
· Improvements in sanitation
· We reduce the opportunity for rats to multiply in environments which are close to humans, and thus less humans can be infected by them
· Case Study: 1994 Human Plague in India
· It was hard to control the outbreak there because the village was isolated and it was hard to transport the necessary anti-biotics there
· Smallpox
· Epidemiological information
· The etiological (causal) agent is the variola virus
· Chronological data
· Introduced into Mexico by the Spanish army in 1520
· Widespread inoculation in the USA and Canada by the early 20th century
· The last known case of smallpox was 1977 in Somalia
· It was eradicated in the wild by 1980
· Other information
· The case fatality rate for smallpox is over 20%
· If smallpox doesn't kill you, it can cause distinctive facial pock marks and blindness
· In 1978, Edward Jenner discovered that smallpox vaccination could be accomplished using the closely-related cowpox disease, the fluid of which could be extracted from cows…he figured this out when he noticed that milkmaids who worked with cows were immune to smallpox
· The current situation
· The last remaining stocks of variola virus are held in 2 research centers
· People think that it could also still exist in burial remains of people who were infected with it
· In 1999, the WHO passed a motion to eradicate all stores of it…but it was delayed
· The Debate over Retaining Viruses
· The question here is whether we should get rid of viruses, or retain them for research…
· Risks of Retaining Virus:
· There could be an accident which causes the virus to escape…and if the virus has mutated and become more virulent, existing vaccinations won't help
· Benefits of Retaining Virus:
· We can use it to make anti-biotics or vaccines…especially for diseases which are related to it
· For example, smallpox helps us learn about monkeypox
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Lecture 3 - Factors Involved in Emergence I

 

Concepts of Emergence and Evolution of Virulence

· Infection vs. Disease: we have to remember that infectious agents don't always lead to disease, and disease isn't always due to infectious agents!
· That said, what are some characteristics of the relationship between an agent and its host?
· Slow evolutionary change: the pathogenicity (ability to cause disease) of the agent can change, resulting in less hosts (if it becomes more fatal) or vice versa
· Reduced virulence: this means that the agent will not become too virulent, because if it does, then all the hosts will die and the agent will no longer be able to survive
· Longer host lives, longer pathogen (a.k.a. agent) lives: as explained above, 
· Also, why do we sometimes falsely assume that a pathogen has become benign?
· Reproduction: the pathogen can reproduce
· Rapid evolutionary change: the pathogen (agent) can develop evolutionarily quicker than the host can adapt to it, and then raise havoc
· Host selection: agents can "select" different hosts, and their effects may be different when going to another host
 

Key Concepts

· Vector
· Definition: "a vehicle or an agent that aids in the indirect transmission of an infectious agent from an infected individual to a naïve one"
· Usually vectors are living (i.e. the flea carried the plague virus)
· Reservoir
· Definition: "a source of the infecting micro-organism…i.e. the habitat/environment where the infecting agent is normally found"
· This means that the reservoir (if it is living) cannot be susceptible to the disease…or at the very least, it has to be able to sustain the micro-organism for some time before dying
· For example, female sex workers who have the HIV virus but do not have AIDS are "reservoirs" for the HIV virus because they are like a place for the virus to stay before it infects others (via human -> human interaction; no vectors needed)
· Carrier
· Definition: similar to a reservoir, but usually a person
· Sometimes they are called intraspecific reservoirs, because they are within the same species that they are infecting (unlike a pool of dirty water where virulent micro-organisms reside)
· Herd immunity
· Definition: "the number of individuals who are immune in a specific population"
· Herd immunity can be defined both qualitatively and quantitatively:
· Qualitative: defined as "the total resistance of a population to transmission of infectious agent"
· Quantitative: defined as "the percentage of immune individuals and the resulting reduction in the number of new cases due to fewer susceptible people"
· What this means is that once a certain percentage of people in a population are vaccinated from a disease (either artificially or naturally), the spread of the disease is restricted enough that the people who aren't vaccinated are safe anyway
· Factors affecting herd immunity
· Method of transmission: the harder it is to transmit the disease, the less vaccinated people we need to prevent all the others from being infected
· Density of population: the further apart people are, the harder it is to transmit the disease, thus it is easier to establish herd immunity
· Incubation period: if a person is contagious during the incubation period, then a longer incubation period will allow the person to walk around and infect more people before knowing that he has the disease…and so it will be harder to establish herd immunity
· Infectivity
· Definition: "a measure of the ability of a microbial agent (pathogen) to cause infection in a susceptible host"
· This is related to the number of particles (bacteria, viruses, etc.) that actually are needed to cause the infection…i.e. sometimes we only need to be exposed to 1 bacteria…or 5…or 10…
· Virulence
· Definition: "severity of the disease which is caused by the infectious agent"
· This is often measured with "LD50", which is the number of particles of the viral agent needed to kill 50% of the people who are exposed to it
· Pathogenicity
· Definition: "the ability of a particular agent with known virulence to produce disease in a range of hosts…and under a range of environmental conditions"
 

Factors Contributing to Emergence

· Risk factors for emerging infections
· Population growth: increased density leads to easy transmission of disease
· Global climate change
· Case study: Chagas disease
· Epidemiological data:
· It is transmitted by (i.e. the vector is) the "kissing bug"
· It is caused by (i.e. the agent is) a parasitic protozoan
· It has affected 7 million South Americans
· It has both an acute effect (fever) and a chronic effect (attacks the central nervous system, causing damage to the heart muscle, among other things)
· How is this related to climate change?
· Higher temperatures can affect the incubation period of the vectors and allow them to infect more people
· Clean water projects could re-route water drainage patterns in such a way that the highly populated areas become environments which are friendly to the vectors
· Poverty
· Urbanization: these means an increase in population density
· Warfare: refugee movements from one area to another can introduce diseases
· Public Health Infrastructure Breakdown
· Unsafe water
· Activities of humans
· Malnutrition
· Extent of population migration
· Human behaviour (especially sexual behaviour)
· Global travel
· Population ageing
· Excessive antimicrobial usage
· Human demographics
· Population growth and distribution: we are seeing an overall shift to urban areas of living
· In the 1800's, less than 2% of the world's population was in urban areas
· In 2005, 50% of the world's population lives in urban areas
· Characteristics of urban areas
· Overcrowding
· Poor hygiene
· Inadequate sanitation
· Lack of clean water
· Consequences of world population increase (with respect to disease-causing variables)
· increased potential for person to person transmission
· greater likelihood of global warming
· larger numbers of international travellers
· frequent wars
· increased numbers of refugees and internationally displaced persons
· increased hunger and malnutrition
· more crowding in urban slums
· increased numbers of people living in poverty
· inadequate potable water supply
· more large dam construction and irrigation projects
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Lecture 4 - Factors Involved in Emergence II

 

Immunosuppression

· Definition: "a reduction in the capacity of the immune system"
· We become much more susceptible to exposure…we are more at risk!
· Reasons why immunosuppression increases:
· Inherited diseases: but this is a relatively smaller factor
· Population aging: our defenses just get weaker
· Prematurity: before, premature babies would die off because we lacked the resources to sustain them.  Now, we can keep them alive, but they have immature respiratory systems, causing their immunity to decrease
· Radiation treatment: cancer patients who undergo radiation have reduced immune systems
· HIV infection: this causes a reduction in the number of CD4 lymphocytes (aka T cells) in the body, which is bad because they are a vital part of the immune system
· Pregnancy: in the last trimester there is a drop off in immune function…and there has been an increase in pregnancies in the past while…
· Malnutrition: people (particularly children) with "protein-energy malnutrition", which is very common in many parts of the world, have a poor immune system
· Severe trauma and burns
· Malignancy: this causes cancer, which usually results in radiation treatments (discussed above)
· Other concurrent infections and co-morbidities: people who have one infection are immune suppressed and so they are at a higher risk for a second infection
· Opportunistic infections which take advantage of immunosuppression
· These are caused by naturally occurring organisms which reside in most people…they are usually not an issue because they are held in check by a healthy immune system
· Examples of opportunistic infections:
· PCP (pneumocystis carinii pneumonia) is a kind of pneumonia which is very common in HIV-infected individuals
· Oral thrush (an infection of the mouth caused by the fungus Candida albicans) is also often present in HIV-infected individuals…it makes eating food difficult
· Reactivated infections which take advantage of immunosuppression
· This is when the organism from before has not been entirely eliminated…and now the immune system is suppressed…so the organism reactivates and raises havoc!
· Examples of reactivated infections:
· Herpes simplex virus-1, which is an oral cold sore
· 25-30% of Canadians carry it, so it is a common infection
· But when the human develops a hematological cancer (cancer of the blood), the virus will multiply rapidly and wreak havoc
 

Human Behavior

· Substance abuse
· For example, alcohol can produce intoxication which transiently reduces immune responses (particularly with the liver)
· High-risk sexual activity
· Pre-existing infection with concurrently sexually transmitted micro-organisms
· This is just saying that if you have one STD, your behavioral patterns are probably such that you are at great risk to contract other STD's as well
 

Nosocomial Factors

· Nosocomial
· Definition: "infections which originate in a medical facility"
· i.e. You weren't sick when you entered the hospital, but you got something in the hospital which made you sick
· Impact for public health
· For every 100 hospital admissions, we see 5-10 cases of this!
· $5 billion is spent ANNUALLY on dealing with nosocomial infections
· 30,000 people die annually from nosocomial infections
· It is more prevalent in developing countries than in developed countries (perhaps because hygiene and sanitation practices are better here?)
· Types of nosocomial infections
· Urinary tract (the most common): the catheter can cause an infection
· Surgical wounds: again, infection may happen
· Lower respiratory tract (15% of cases): pneumonia, for example
· Blood stream (10% of cases)
· Reasons for increase in nosocomial infection rates
· Hospital admissions for serious illness: the more we admit people with serious illnesses, the more nasty infectious diseases they bring in with them
· Hospital not a closed community: visitors can freely come and go, bringing with them infectious disease
· Risk of contamination: of hospital food, for example
· Prevalence of invasive procedures: this opens up the body to infection
· Antimicrobial resistance: anti-biotics don't work on bacteria anymore because they have become resistant
· Nosocomial infections and health care delivery: how does health care delivery style lead to more nosocomial infections?
· Rising costs of health care have led hospitals to adapt certain techniques which could increase vulnerability
· For example, the "industrial management" approach to hospital management dictates that we try to maximize the ratio of patients to nurses, and have nurses running around to different stations and areas…however, this means that they are perfect carriers of infectious diseases
· Also, the bi-directional transfer of patients between acute care and chronic care facilities is a problem because we're mixing people with serious and potentially infectious diseases (acute) with those who are chronically ill and probably have suppressed immune function (chronic)
· Tattooing and body piercing as sources of nosocomial infections
· Background information on piercing and tattooing:
· It is popular, especially amongst 18-22 year olds
· 73 - 83% of women (US) have pierced ears 
· 23% university students (US) have a body tattoo 
· Health Risks of Tattooing & Ear/Body Piercing 
· The barrier function of skin and mucous membrane is disrupted (ex. mouth, nose) 
· Needles may not be sterile 
· Practitioner may not be skilled 
· There may be bacteria/fungi on skin which can penetrate into the body upon puncture
· The tattoo practitioner is also at risk
· Types of infections transmitted: HIV, Hepatitis B & C, cutaneous TB, streptococcal bacterial infections
· So more generally, how can nosocomial infections result from tattooing/body piercing?
· Transfer of pathogens from another person after puncture/skin piercing
· Transfer of pathogens from clients themselves
· Infections by contaminated objects
 

Food Handling

· Increasing complexity and size: this increases our potential for contamination
· Estimates of number of cases of foodborne disease: 6 to 81 million cases per year
· The range is large because many cases go unreported!
· Factors leading to increases in foodborne disease: (?) -- consult Joanna's notes
· Careful surveillance and monitoring: we need to be careful because surveillance standards differ in different areas
· Agricultural conditions and practices: for example, fecal bacteria in water can mess things up
· Food processing and preservation techniques: Expiry dates and plastic wrapped packages have proven useful
· However, botulism (a paralytic illness) can result from the anaerobic environments of improperly wrapped packages
· Changing demographics
· Changing consumer attitudes and behaviours
· International commerce
· Changing dietary practices
 

· Case study: Anisakiasis
· It is a fish parasite which has zoonotic infections
· Humans can acquire the parasite through eating raw or contaminated fish…this is especially dangerous now that more people are eating sushi
· The organism (a nematode/worm) takes up residence in the bowel/GI tract, causing incredible pain, cramps, diarrhea, and nausea
· The organism can grow…and then has to be surgically removed!
· If this gets worse…it can lead to Crohn's disease, which involves inflammation of the bowel…it carries with it a high risk of colon cancer…
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Lecture 5 - Factors Involved in Emergence III

 

Economic Development and Land Use

· Dam Building and Rift Valley Fever
· Background information
· Rift Valley Fever is a mosquito-borne fever (think about what else is?)
· Until 1977, we only saw it in southern Africa…but now we see it in the north as well (i.e. there were WHO outbreaks in Kenya, Somalia, etc.)
· It is epizootic, meaning that it is "an epidemic in an animal population" (remember?)
· This is why we would also classify it as a zoonotic infection…
· Case study: In 1977, there was a large outbreak of RVF in Egypt -- 200,000 people got sick and 600 died
· We identified some factors responsible for this outbreak (in other words, what was the conduit for the virus to enter Egypt from sub-Saharan Africa):
· Building of the Aswan Dam: when they built the dam, the pattern of water spillage into the floodplains changed and the vectors (whose habitat was the water, I guess) changed location and infected a whole new group of people
· Change in farming practices: cattle (which are hosts of the disease) are no longer used to farm fields due to the advent of mechanical devices…and so what happens?  Now the vectors (mosquitoes!) carrying the virus and looking for a host go to humans instead!
· How could one be exposed to RVF?
· We have the bite of an infected mosquito
· Slaughtering of infected animal
· Ingestion of raw milk from an infected animal
· Just like the inoculation at tattoo parlors, you could have exposure to the skin when someone is butchering an animal
· Aerosol dispersion…some reported cases of aerosol forming and people taking up the virus through droplet inhalation
· Global Warming
· There has been a general increase in the temperature of the Earth (of about 5 degrees)
· And we know that disease vectors (mostly mosquitoes) tend to have breeding patterns which are narrow "bands" that reflect temperature, humidity, availability of water, etc…and so if we change the temperature of the earth, then these distribution bands change as well -- and this can often result in more humans being infected
· Case study: Cholera
· This disease is caused by bacteria…which produces a toxin which (when absorbed by people) causes profound dehydration in a host (by affecting the stomach and upper bowel, interfering with the ability to regulate salt and water balance…)
· If there is no intervention…they will die from diarrhea (profound dehydration)…this is one of the leading causes of death worldwide for children!
· The cholera bacterium is very sensitive to temperature because of its host:
· Consider the Bay of Bengal (found near the Indian sub-continent)…the issue of cholera…it was shown that the bacterium reproduces within zoo and phyto plankton…the animals which are on the surface of the water
· The increase in these organisms is dependent upon temperature…
· And water is used for everything…bathing, food washing, etc…and so now there is an increase in risk to exposure…
· So in this case, the small changes in surface temperature which lead to an increase in the reservoir for the bacterium, there is a higher risk of ingestion of the bacterium…now there are tons of outbreaks…
· International Travel
· Case study: Yellow fever
· It is a zoonotic disease (do you remember what that means?) - normally, monkeys are its host, but it can also be found in humans (as per the definition of zoonotic)
· It can be found both epidemically and endemically
· The vector is aedes aegypti (this is how it gets from a monkey to a human)
· There are 2 forms of yellow fever:
· Urban form
· Transmission occurs through the mosquito (aedes aegypti), which breeds in standing water
· Here we have humans (!) as the hosts, and the mosquitoes acting as the vectors between them
· Rural form
· Monkeys are the hosts, and so humans contract it from them via a vector
· What about a vaccine?
· There is one, and it is reasonably effective…except that it cannot be used on young children…
· 5% of children exposed to yellow fever die from it
· International Commerce
· Infected animals in the cargo hold of a plane, ship or bilge water contamination can be a source of global transmission
· Case study: Marburg virus and Ebola virus
· Marburg and Ebola cause severe hemorrhagic disease/fevers
· They are primarily epizootic, which means that they primarily have outbreaks in animal populations…(in this case, it is in non-human primates)
· The virus is transferred through direct contact with blood, body fluids, etc…thus it is NOT a respiratory disease (i.e. you cannot get it by breathing)
· Since there are no interventions for the Marburg virus, we treat it by isolating the area in which it has had an outbreak
· Multi-drug Resistance
· Selective pressure
· So this is "selective" as in "natural selection", which means that when we apply an anti-biotics to some pathogen, it is going to kill the "weak" ones and so there will be a larger percentage of microbials in the next generation of microbials who are immune to this anti-biotics
· Case study: Tuberculosis (TB) in Canada -- why are multi-drug resistant forms of TB emerging now?
· There is an anti-biotic for it, but the course of treatment is so long (6 months) that people often don't stay on for the entire length of time
· This is exacerbated amongst the populations who are the most susceptible to TB…like homeless shelters…
· TB is spread by droplets/violent coughing…and what happens is that within a homeless shelter facility, individuals come and go…and there is no continuity of care…(no doctors, etc.) so someone may not have an antibiotic or only take it for a short period of time…so there is an increase in the number of cases of homeless individuals…
· Also note that individuals with HIV are at much greater risk for TB…
· As a result, resistant or hardy forms of the bacteria multiply…i.e. bacteria that cannot be killed by antibiotics…so this is because of human behaviors…
· Data from figures:
· We see that Ontario, BC, and Quebec all have multi-drug resistant forms of TB
· Also we note that there are 600 isolates (unique strain which has been isolated) of TB in Ontario alone!
Breakdown of Public Health Measures

· Inadequate Sanitation
· This is a classic mode of transmission for infectious agents
· Case study: 1991 Cholera epidemic in Peru
· There was fecal oral transmission via contaminated water/food (so fecal matter got into the water, and then into the food, then people ate the food)
· Bilge water is a problem here…(?)
· Case study: 1992, 31 of 356 passengers aboard flight from Buenos Aires, Argentina to Los Angeles with cholera caused some U.S. cases
· Complacency (pre-SARS)
· Case study: there was a measles outbreak at Trent University in 1997
· There were 9 cases, and this was traced to the original measles vaccine not being as effective as it could have been
· Maybe there was a change in the quality of vaccine they had originally been given…now they were using 1 instead of 2 doses…and they were lower quality vaccines…and although measles can be quite serious…
· And this is thing is a virus…and it is communicable…so we saw that we are not prepared to contain outbreaks like this in Canada!
· Thus there has been a perception shift - we now respect the power of these kinds of viruses much more
· War
· Deployment of military forces
· Field conditions: sanitation services may be rudimentary
· Refugee camps and refugees: epidemics of infectious diseases
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Arboviruses

· Definition: arboviruses are "arthropod (insect-borne) viruses"
· Characteristics of Arboviruses and Arbovirus Diseases
· They are hematophagous, which means that the insects spreading the virus suck blood (i.e. gnats, ticks, and mosquitoes)
· It has arthropod vectors, which means that the vectors which transmit this virus are arthropods (i.e. insects)
· Humans are NOT the primary reservoir for arboviruses - usually the viruses are found inside rodents, birds, etc.
· We only see the virus moving into human hosts when ecological changes occur or when there is niche encroachment (humans move into an area with these insects)
· There are more than 535 arboviruses and zoonotic viruses…
· Distribution of Arboviruses
· They are found worldwide
· Although arboviruses are normally tightly distributed (geographically speaking), the following ecological limiting factors (i.e. factors in the environment which determine distribution) contribute to the recent expansion of their distribution pattern:
· Global warming (incubation period is adjusted)
· Temperature is a major factor…as it rises, the vector moves north…
· Flood plains (changes in rainfall patterns affect breeding grounds)
· Rainfall is another factor…in areas where there is much more precipitation, you have a higher risk of mosquito breeding grounds…and movement/continuation of both the vector and the virus…
· Urbanization (now the people are closer to this virus-carrying arthropods)
· Also…we have the availability of the host…so in areas where there is sparse population…the virus and the vector cannot continue…
 

Dengue Fever and Dengue Hemorrhagic Fever (DHF)

· Epidemiology
· Dengue fever is the most important viral disease of humans that is transmitted by a mosquito
· Prevalence: 80 million worldwide either have the fever or have anti-bodies for it (i.e. they used to have it); 2 billion worldwide at risk
· However, the case fatality is low (the number of individuals with Dengue fever who die from it)
· There are some epidemic and some endemic areas; tropical and subtropical regions
· In particular, it is widespread in Caribbean basin
· Chronological data
· It has been reported as a clinical disease since 18th century
· DHF/DSS reported 1954 (southern Asia); first epidemic in Caribbean in 1981
· Explosive outbreak of DF with > 1 million cases in Rio de Janeiro (1986)
· Distribution of Aedes aegypts
· We notice that it is mostly prevalent in the southern hemisphere
· Factors in Transmission
· So humans are the only known reservoir of the Dengue virus
· But it is INDIRECT anthroponotic infection, meaning that we require a mosquito to act as the vector to facilitate the transmission between humans
· These mosquitoes are from the Aedes family (i.e. Aedes aegypti…what other disease does this transmit?)
· Aegypti breeds in artificial habits?
· Overwintering can occur, which is when the virus stays alive in the vector (mosquitoes, in this case) throughout the winter months…this increases its lifespan and allows it to infect more humans
· For overwintering to occur, we need temperatures just above freezing -- if it gets colder, then the vector will die, and the virus along with it
· Thus, global temperature changes have a great effect on the pathogenicity of the dengue virus
· There are 4 serotypes of Dengue fever (so?)
· Clinical Disease (remember that there are 2 things we are talking about now…)
· Dengue Fever:
· This is relatively mild, and most people recover well from it
· Symptoms include fever, headache, joint pains, nausea, vomiting, and abdominal pain
· Dengue Hemorrhagic Fever/Dengue Shock Syndrome:
· This is a severe and often fatal hemorrhagic disease…we get:
· Bleeding from multiple sites -- this causes shock because the heart is pumping with nothing to pump
· Vascular collapse -- kidney, eyes, etc.
· Biologically speaking, we have widespread vascular complement activation (it just means a cascading enzyme system is activated), release of histamine, Immunologic chemical mediators (cytokines)
· So why do some people who are exposed to the virus develop mild, self-limiting disease…and others are so badly affected?
· Some people say that it may be due to re-exposure to the virus…so when it's your second time (could be a year later…or in a short period of time)…it's worse!
· Very young and very old individuals are more likely to get the more severe version…because they will have more immunosuppression…
· Prevention and Control
· The virus is very well adapted to human ecology…it's good at surviving in standing water, old tires, flower urns, etc. -- this makes it hard to control!
· Efforts to control the vector…
· We try to spray (i.e. insecticides)
· We try to increase native animals who feed on the vector
· More public health measures:
· Reduce / eliminate environments where mosquito breeds
· Removal of artificial containers and human debris
· Community based control programs and vector control
· Factors Facilitating Emergence of DF/DHF
· Lack of effective mosquito control programs
· Greater urbanization of tropical area
· Increased air travel
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Lecture 7 - West Nile Fever

 

Background

· Distribution
· Chronological Data
· In 1937, WNF was first isolated in the blood of a febrile woman (one who had a fever)
· In the 1950's, an estimated 40% of the human population in the Nile Delta area (in Egypt) were seropositive for West Nile Virus (WNV)
· Seropositive is defined as the presence of antibodies to the virus in the bloodstream
· In 1996-97, there was a large epidemic in Bucharest, Romania: 500 clinical cases, and a case fatality of 10% (in general, the case fatality of WNF is relatively low)
· Virus
· The West Nile Virus belongs to a family of viruses (called Flavivirus)
· This family is mostly found in the southern hemisphere
· These are RNA viruses
· The family is related to Japanese and St. Louis encephalitis virus, which is an inflammation of the coverings of the brain
· Viral Ecology
· Vectors
· The disease is transmitted by arthropod vectors (i.e. mosquitoes)…specifically, 2 kinds of mosquitoes: Culex sp. and Aedes sp. (which is also responsible for the transmission of Dengue fever, if you recall)
· 43 different species of these mosquitoes carry the virus
· A few other hematophagous (blood-sucking) arthropods such as ticks could also act as vectors
· Reservoir Hosts
· The main hosts for West Nile Virus are migratory birds (both wetland and terrestrial species) -- so this means that humans are NOT the primary hosts for this virus!
· In particular, migratory birds are the primary introductory hosts for the virus…they amplify the virus (increase its reproduction) because:
· The virus stays with them for a long time (20-100 days)
· They have a very high viremia, which means that there are very high levels of the virus in their blood
· And then we have mosquitoes called ornithophilic vectors…these are vectors that prefer birds…and they pick up the virus from the birds and spread it (mainly to other birds because it is a zoonotic infection and birds are the primary hosts; but sometimes humans can contract it incidentally and become a dead-end host)
· Reasons for recent outbreaks: we have seen the virus in New York and Romania…but why?
· Inter-hemispheric bird migration: birds could come from areas of the world with the virus to the US, and spread it there
· Displacement: (?)
· Legal and illegal importation of domestic birds: when birds used to be imported into the country, no one would ever check for this virus
· Animals other than birds:
· Frogs can be carriers of WNF!
· Also people can be transporters…but this is rare because it's zoonotic…
· But people have high viremia (level of virus in blood) so they can be bitten by a mosquito, then that mosquito bites someone else and gives it to them…
· A vector can be transported…flies can get onto airplanes!
· Transmission Cycle for West Nile Virus
· Rural (sylvatic) cycle
· This is when wet-land birds host the disease and ornithophilic mosquito vectors transfer it
· This is a rare way for people to contract the virus because they'd have to go to very rural areas (perhaps bird-watchers?)
· Urban cycle
· This is when peri-domesticated birds host the disease…we are much more likely to be in contact with these in the city
· West Nile Fever - Human Disease
· Common (milder) symptoms
· It is a febrile, influenza like illness…because this is relatively general, it is hard to make a diagnosis at this point
· Abrupt onset (incubation period of 3 - 6 days)
· Moderate to high fever (including biphasic with chills)
· Headache (frontal)
· Sore throat
· Backache
· Myalgia (muscle weakness)
· Fatigue
· Conjunctivitis
· Maculopapular or roseolar rash (~50% cases)
· Lymphadenopathy: swollen lymph nodes
· Anorexia
· Diarrhea
· Pronounced muscle weakness
· Rare (more serious) symptoms
· 15% of cases have acute aspetic meningitis or encephalitis, neck stiffness, vomiting, confusion, disturbed consciousness, somnolence, tremor, convulsions, coma
· Hepatitis (inflammation of the liver), pancreatitis and myocarditis can occur
· These more serious symptoms usually only happen in much older people (> 50 years) who probably have impaired immunity
· Probably only 1 in 150 infections results in the development of a more severe disease
· Peak viremia is 4-8 days post infection
· General comments
· All the symptoms are non-specific, which makes diagnosis difficult
· Most people exposed to WNV recover after only a mild illness and don't experience re-exposure or complications
· Treatment
· There is no known effective antiviral therapy or vaccine
· However, mild cases do not require therapy
· For severe cases, we can only provide intensive supportive care
 

Canadian Exposure

· The virus has only had limited movement into northern ecologies where appropriate mosquito vectors are found
· Public health measures include sentinel birds and active surveillance of wetland birds
· Sentinel birds are when we put unvaccinated birds into a bird population, and see if they contract the virus - if they do, that must mean that the virus is loose somewhere in the population
· We enforce immediate reporting of hospitalized individuals with clinical evidence of viral encephalitis and diffuse muscle weakness
· We actively perform surveillance on dead birds to check for the virus
· In Ontario 279 submitted; 22 positive-confirmed (June 2004)
· Recent cases:
· West Nile Virus confirmed in dead crow in Stratford, ON (July 2002)
· Total WNV in Ontario: 11 confirmed postive birds (May - July 2002)
· Practices for risk reduction (especially from May to October, when mosquitoes are the most active):
· Elimination of breeding sites for mosquitoes
· Doors and windows have tight-fitting screens
· Protective clothing
· Use of DEET (N,diethyl-methyl-meta-toluamide) containing insect repellent
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Lecture 8 - Severe Acute Respiratory Syndrome

 

Background

· Distribution
· It is a new emerging infectious disease
· It was first isolated in 2002 (Guangdong province, southern China)
· Rapidly spread globally by international air travel
· Virus
· The SARS virus is part of a family called corona virus (CoV)
· It is fairly large in (size?) and has a lot of genetic information and has a high mutation rate in relation to its size
· Thus it can undergo lots of changes…
· And is inefficient in checking for replication errors…so if there is an error in the virus, it is likely to get passed on…
· Consider the family of Corona viruses in general…
· SARS CoV is VERY different from other CoV's which cause disease in humans…
· 30% of URI/colds are due to corona viruses! (Upper resp. infections)
· Most of the CoV's are pretty mild…but not SARS!
· There are also CoV's which affect animal populations…corona viruses can affect reptiles, birds, mammals…
· So how did the SARS corona virus get formed, anyway?
· The most likely scenario for the emergence of SARS is that the human SARS coronavirus is a combination between an animal coV and a human coV
· The sequencing homology between the palm civet CoV and what was isolated from the first few cases of SARS in humans…there was 70% to 80% homology!
· But not 100%...meaning that there must have been some human CoV genetic info which must hve combined!
· If it was 100% then we could say it was purely an animal thing…
· So how could this mixture have happened?
· Maybe there was interaction between humans and the palm civet…
· BUT…recent news says that…it is bats!  "Chinese bat is SARS host, scientists say"
· Picture of CoV
· We see that the spikes give the CoV its uniqueness and ability to be pathogenic…the "spike projections"…
· And there are lipoproteins which tend to go high mutation rates…
· So the thing that gives the virus its pathogenicity is highly mutable…
· The SARS virus is very unique…because it is not the same as an animal URI virus or a human URI virus…
· So what's the deal now?
· The sequence of SARS-CoV genome has been established…there are 11 genes
· SARS-CoV sequence is UNRELATED to other human or animal coronaviruses
· Little variation in SARS CoV genomes
 

Epidemiology

· Transmission of SARS CoV
· The most important mode of transmission is droplet exposure…so it is a respiratory thing
· Close person to person contact is necessary for this
· We must be careful of "fomites" (substances that absorb, hold, and transport infectious disease agents) -- cups, doors, etc. are vehicles of transmission!
· Much of the transmission could be interrupted if disinfectants were used…
· Hydrogen peroxide, bleach, etc.
· Case Fatality of SARS
· No!  Not a high case fatality!  (Maybe around 10%)
· A lot of the people were older…or were health care workers with multiple exposures because they would have been treating the patients who had it…
· SARS Spread
· Most of the cases are in the Western Pacific
· Determinants of SARS Epidemic:
· Average incubation time: 7 days
· Average time from symptom onset to hospitalization: 3 days
 

Symptoms

· It is very difficult to distinguish the early symptoms of SARS from influenza…
· Nonspecific symptoms
· High fever
· Respiratory symptoms
· "Nonproductive" cough, where it is dry and we don't bring up any flem
 

Treatment

· No effective treatment—only management
· Confirmed cases:
· Broad spectrum antibiotics
· Antiviral therapy
· Immunosuppression
 

· There is no highly organized/effective/universal strategy of treatment for someone with this corona virus…we have to do case management…we magne the disease case by case…isolate the individual, quarantined, broad spectrum antibiotics…because if someone has SARS and they are in the hospital, we don't want them to have nosocomial bacterial infections on top of the SARS…
· In some cases, there may be antiviral therapy…
· Vaccine development…there are vaccines for SARS…
· The SARS vaccine in the NIH of the US is undergoing Phase 1 clinical trials…we do these trials to determine the safety of the vaccine…and with VERY few people…
· Remember that this vaccine is only effective against one variant of the virus…
 

Prevention

· We can limit international travel…
· We could reduce exposures through quarantining or isolation of cases…
· Increase recognition of risk through the use of disinfectants, monitoring of individuals/recording if they have traveled through areas of exposure…
· Nosocomial concerns: use things like masks…gloves, other barriers…
 

· Public Health Prevention
· Limit contact
· Triage, early case detection
· Attention to nosocomial spread
· Vaccines
