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Presenter
Presentation Notes
A vector-borne disease is any type of disease-causing microbe that is transmitted by an animal intermediate (as opposed to normal person-to-person transmission).  Examples on this slide include mosquitoes, ticks, rodents like mice, rats and rabbits, large mammals like deer, and the fleas that can be located on the bodies of these animals.Question 1: Define vector-borne disease. List 3 types of vectors that can transmit disease.
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Examples of Vector-Borne 
Diseases 
• West Nile Virus 

• Malaria 

• Dengue 

• Lyme Disease 

• Hanta Virus 

• Yellow Fever 

• Rocky Mountain Spotted 
Fever 

• Bubonic Plague Characteristic bull rash caused by Lyme disease 

Presenter
Presentation Notes
The image is a characteristic bull rash caused by Lyme disease, a VBD transmitted by ticks.  West Nile Virus, Malaria, Dengue, and Yellow Fever are all transmitted by mosquitoes.  Lyme disease and Rocky Mountain Spotted Fever are transmitted by ticks. Hanta virus is present in the droppings of mice and bubonic plague is transmitted by fleas on rodents.I prefer to focus on West Nile Virus because it has received much media attention.  West Nile Virus was not found in the United States prior to 1999.  The first incident was reported in New York City and by 2009, it had spread to 44 states and the District of Columbia.    Question 2: What are 5 examples of vector-borne diseases?
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West Nile Virus Transmission 
Cycle 

Mosquito Vector 

Bird Reservoir Host 

West 
Nile 
Virus 

West 
Nile 
Virus 

Incidental Exposure 

Incidental Exposure 

Presenter
Presentation Notes
West Nile virus naturally reside in avian hosts.  Infected birds have a high viral load and uninfected mosquitoes pick up the virus during a blood meal. In turn, infected mosquitoes bite uninfected birds and in this way, a cycle of host and vector is started.  If birds are the natural reservoir for West Nile Virus, how do people get infected?Virus-containing mosquitoes can bite people and animals.  These infections are incidental and do not perpetuate the cycle because normally, viral loads are not high enough in people or pigs to pass the virus to uninfected mosquitoes.  However, in these incidental exposures, significant disease can be caused by the microbe. For West Nile Virus, approximately 80% of people will not exhibit any symptoms, 20% have milder symptoms that are similar to flu, and 1/150 people have serious symptoms that include permanent neurological damage.  The easiest way to avoid West Nile Virus is to use insecticides to prevent bites in the first place.Other examples of incidental infection include swine flu and bird flu, two types of influenza that reside primarily in pigs and birds.
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Modeling Vector-Borne 
Diseases 

Total #  
Infected  
People 

# Uninfected People 
Total # People 

# Infected  
Mosquitoes 

# Previously 
Infected People = X + 

# Previously 
Infected  

Mosquitoes 

Total # 
Infected  

Mosquitoes 

# Infected 
People 

Total # People 

# Uninfected  
Mosquitoes = X + 

Presenter
Presentation Notes
These are the calculations that are used for predicting how many people will be infected after a round of bites and how many mosquitoes will get infected after a round of bites.  Although the math is a bit complicated, focus on the concept for each equation.The next slide includes a table that you will fill out with the students and makes this equation much more understandable.  We start knowing how many people are included, how many people are infected out of the total number of people, how many mosquitoes are present, and the starting number of infected mosquitoes.Basically, you calculate probability that an infected mosquito is going to bite an uninfected person to determine how many infected people are added by each round of bites. You then add this to the number of previously infected people to obtain the total number of infected people.After calculating the total number of people that have been infected after a round of bites, you also need to calculate the number of mosquitoes that become infected after biting an increased pool of infected people. The number of mosquitoes that will be infected is modeled by calculating the probability that an uninfected mosquito will bite an infected person.
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Modeling Vector-Borne 
Diseases 

Round of 
Bites 

Total # 
People 

Total # 
Infected 
People 

Total # 
Mosquitoes 

Infected 
Mosquitoes 

Added 

Total # 
Infected 

Mosquitoes 

0 20 0 7 2 

1 20 7 

2 20 7 

Presenter
Presentation Notes
This table is included on the worksheet for the students to fill out as you go through one round of calculations.
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Modeling Vector-Borne 
Diseases 

 
Round of 

Bites 
Total # 
People 

Total # 
Infected 
People 

Total # 
Mosquitoes 

Infected 
Mosquitoes 

Added 

Total # 
Infected 

Mosquitoes 

0 20 0 7 2 

1 20 2 7 0.5 2.5 

2 20 7 

Presenter
Presentation Notes
This table is filled out using the equations in the previous slides. Now ask the students to calculate the next row on their own and then check the answers.Note: One complicated aspect of this slide is the fact that there are “fractional” mosquitoes. At this point, you have to make a decision to round up or round down. The choice is a little subjective: do you want more conservative with you estimates. When it comes to modeling diseases, I prefer to think “worst case scenario”. This is a fact with scientific experiments and something to consider when you develop a model.
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Modeling Vector-Borne 
Diseases 

 
Round of 

Bites 
Total # 
People 

Total # 
Infected 
People 

Total # 
Mosquitoes 

Infected 
Mosquitoes 

Added 

Total # 
Infected 

Mosquitoes 

0 20 0 7 2 

1 20 2 7 0.5 2.5 

2 20 4.3 7 1 3.5 

Presenter
Presentation Notes
Question 3: Answer key for filling out the table.We could fill out all the rows in the table, but that’d be time consuming and a graph often depicts a story better.
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Example data: 20 people, 0 
infected 
7 mosquitoes, 2 infected 

Total People 
Total Infected 
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Modeling Mosquito Transmission  
of Disease 

• Cups with water represent people 
• Syringes represent mosquitoes 

1. Mosquitoes will “bite” people by squirting out the liquid 

2. Mosquitoes get a bloodmeal by sucking up from the 
host’s cup 

3. Afterwards we will use an indicator to find out how 
many hosts were infected 

Presenter
Presentation Notes
In this lesson, we are going to model the transmission of a vector-borne disease like mosquito infections with West Nile Virus.  The cups will represent hosts like people, and the syringes are mosquitoes.  Give each student a cup filled with the uninfected mixture or infected mixture. See the lesson notes for the proportion of people to include as uninfected versus infected and mosquitoes versus people. The mosquito volunteers will be handed a syringe filled with uninfected or infected mixture.  While giving them the syringe, I demonstrate how a mosquito will “bite” a person.To “bite” a mosquito, each person with a syringe is going to squeeze out all the contents into a person’s cup, mix the contents, and suck it up again with the same syringe.  Repeat this process for each round of bites.  Note that a person can be bitten more than one time.Question 4: Why did we use syringe barrels to model mosquitoes? Why did we suck up the contents and squirt them into a cup? Because it mimics the process by which a mosquito takes a bloodmeal.  When a mosquito bites, it pierces the skin with a proboscis and squirts in some saliva. This saliva contains agents that enhance the blood feeding (including anticoagulants and agents that increase bloodflow to the area).  After injecting in the saliva, the mosquito then takes a blood meal and the blood enters its abdomen where it is digested.Question  5: Were there more or fewer people infected than you expected? Give 2 reasons to explain why the expected number can differ from the observed number of infected people.  How many people do you think will become infected?  If there are about 1/10 people infected and 2/3 mosquitoes infected, the answer should be around half of the students.  This may vary slightly depending on the exact concentration of baking soda, the exact amount in the cups, and the exact size of the syringe.  In general, after two bites the solution is too dilute for the mosquito to pick up the baking soda unless one of the people that is “bitten” is already infected.Question 6: Why didn’t we test whether the mosquitoes are infected before they bite a person?  The answer is that there is no way to determine beforehand whether a mosquito carries a microbe.  It can be tested after the fact by crushing up the mosquito, but there’s no way to determine before it bites a person/host.
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How well do our numbers match 
the model? 

Why are our observed results different from the 
expected results? 

Round of 
Bites 

Total # 
People 

Total # 
Infected 
People 

Total # 
Mosquitoes 

Infected 
Mosquitoes 

Added 

Total # 
Infected 

Mosquitoes 

0 20 0 7 2 

1 20 2 7 0.5 2.5 

2 20 4.3 7 1 3.5 

3 20 7.3 7 1.3 4.8 

Presenter
Presentation Notes
Correct this table to reflect the actual results obtained in this experimentQuestion: Knowing that 2 of mosquitoes were infected beforehand, how many mosquitoes are infected after Y round of bites?  This answer is going to vary depending on the bite history of the mosquito and the exact volumes involved. The answer should be around 1 mosquito infected out of 3.  Why? Because of the massive dilution.  That’s also true of real-life situations as well. The amount of blood a mosquito samples is trivial compared to the size of most hosts, so unless the host has a very high percentage of the microbe, most of the time there is a dilution effect.  Moreover, when a mosquito takes a blood meal, the microbe must develop, replicate, and in some cases, get through the gut epithelium and travel to the salivary glands where the microbe can be transmitted to another host. This takes time; transmission between host and vector is typically not immediate.Also, it’s likely that different people expelled the contents of the syringe to different extents (you can imagine remaining volume could vary) or that people mixed the contents of the cup to different extents.  This is the natural variability that occurs in any experiment. To control for it, scientists often have just one person do all of the measurements. Alternatively, a larger sample size will also make the variability insignificant.
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How Weather Affects Vector-Borne 
Diseases 

• Temperature 

• Humidity 

• Surface water 

• Tropical and subtropical regions 

• Predator patterns 

 
 

Presenter
Presentation Notes
What are ways that mosquitoes could be affected by weather?  Think about what happens when it’s hot.  What happens when it rains? This is a combination of both humidity and surface water.  Severe weather conditions and drought can also affect predator patterns, disturbing the mosquito population in terms of breeding adults and the proportion of larvae that develop into blood-feeding adult females.Now that we know a little bit about how weather may affect mosquitoes and transmission of disease, how can we put this into the context of climate change?
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NASA Map image depicting the world’s rise in temperature 

Presenter
Presentation Notes
On average, the world’s temperature has increased by 1-3 degrees Celsius.  This increase will change the water cycle due to increased humidity and water capacity at higher temperatures. In general when we think about climate change, we focus on the equatorial region with tropical and subtropical.  We’ve already learned about a variety of vector-borne diseases, several of which are endemic to equatorial regions.  This includes the diseases that cause the most significant death and morbidity: malaria, West Nile Virus, dengue, and yellow fever.  How do you think climate change is going to affect these diseases? Climate change will expand the regions with tropical and subtropical temperatures, resulting in a broader region where many vector-borne diseases would be endemic.
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NASA 

Average Air Temperature Anomaly 
December 2009 

Presenter
Presentation Notes
This diagram is a heat map of the average temperature anomaly for the month of December 2009 in the Northern hemisphere. Note that the difference is between -8C and +8C.  That’s a difference of +/-15F!As you can see, the North Pole (and especially Greenland) is warmer than expected. But notice the intense blue and purple regions in Russia and North America. These regions were 15F colder than normal. This temperature difference also created stronger Arctic cycling air and these factors combined resulted in the record snowfall in DC that year.  This is part of the reason that climate change has become the preferred term versus global warming.  Climate change is really about more intense, unpredictable weather patterns, and when you look at the data on a monthly scale, it can be more dramatic than the impression obtained from yearly estimates.In July of 2009, large regions of North America also experienced record hot summers.  Because these patterns are complicated and difficult to model, it’s hard to know exactly how climate change will impact human health and in particular, vector-borne diseases. There are some things that we can anticipate however.
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How Weather Affects  
Vector-Borne Diseases 

• Tropical and subtropical regions 
• Temperature 
• Humidity 
• Surface water 
• Predator patterns 

Climate Change 
– Larger geographic area where disease is common 
– Intensity and duration of outbreaks 
– Altered seasonal distributions 

 

Presenter
Presentation Notes
Given that all of these factors affect the distribution of vectors that can harbor disease, how can you anticipate that climate change might affect mosquitoes? Let’s focus first on global scales. We know that the temperature will increase. What would happen then? With increasing temperatures, the range of tropical and subtropical temperature zones would also increase, expanding the geographic area where disease is common.  
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How Climate Change Affects  
Vector-Borne Diseases 

• Mosquitoes develop more rapidly 

• Mosquitoes bite more frequently 

• Viral load in mosquitoes is higher 

• Because more people are infected,  
more mosquitoes become carriers  
that transmit disease 

 

Presenter
Presentation Notes
But how would climate change mosquitoes specifically?  What can we come up with considering what we know about how weather affects mosquito populations?Question 7: List 3 ways weather can affect transmission of vector-borne diseases and the possible effects of climate change.In warmer weather, mosquitoes develop more rapidly.  It takes most mosquitoes 10-14 days to develop, but under optimal growth and higher temperature conditions, mosquitoes can develop in as few as 6-7 days.  This is due to the fact mosquitoes are cold-blooded and external temperature dictates their metabolism.Mosquitoes develop faster at warmer temperatures and that means they need to feed more frequently as well.  This means that mosquitoes have to feed more often, so they bite more.Because growth and development of microbes is also dictated by external temperature, microbes and parasites will develop faster, making the parasite/microbe load much higher per given mosquito.Because there will be more mosquitoes, they bite more frequently, and they have a higher disease capacity, more people will become infected. And for those diseases like malaria where humans do transmit the microbe back to vector, more mosquitoes will become infected.
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How Will Climate Change  
Affect the Model? 

Total People 
0 Infected, 2/7 Mosquitoes 
Effect of Climate Change 
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Modeling Effects of Climate 
Change on Vector-Borne Diseases 

• 2/20 people are infected 
• 4/7 mosquitoes are infected 
• 4 rounds of bites 

 
What do you anticipate will happen? 

Presenter
Presentation Notes
At this point, repeat the experiment only there are now 2 people that have the “infected” mixture with baking soda, 18 with the mock solution.  Because we are going to model increased biting frequency and higher viral load, change over to larger syringes.  This can be done with any syringe larger than 10mL, but going up to at least 25mL is recommended.Fill 4/7 of the larger syringes with the “infected” solution containing baking soda, and 3/7 with the mock solution.Repeat the experiment of mosquitoes “biting” people only this time, each mosquito will  bite 4 people.As the students how many people they think will be infected and add the vinegar indicator to each of the cups.
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Modeling Climate Change Effects 

Total People 
0 Infected, 2/7 Mosquitoes 
2 Infected, 4/7 
Mosquitoes 

Presenter
Presentation Notes
The green line represents the expected results from the model.  It was calculated the same way as our initial experiment except we changed the initial conditions to include 2 infected people and 4 infected mosquitoes.What is the main difference that you see between these two lines?
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2/20 people infected,  
4/7 mosquitoes infected 

Total People 
0 Infected, 2/7 Mosquitoes 
2 Infected, 4/7 
Mosquitoes 

Presenter
Presentation Notes
Point out where the class was on the curve for the first experiment prior to climate change.  After 3 rounds of bites, approximately 5 people should have been infected.  After the effects of climate change, we can see that if the mosquitoes had bitten on 3 people, there’s an increase from 5 to 10 people that are infected.But to account for the increased parasite load, more mosquitoes, and increased feeding, we added an additional round of bites.  You can see that after 4 rounds of bites, we have reached saturation. That means that in theory, every single person should be infected.
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What Assumptions Does  
This Model Make? 
• Mosquito bites always transmit disease,  

both to the vector and to the host 
 

• Mosquitoes are equally capable of transmitting 
disease 
 

• People do not die or are not cured of disease 
 

• There are more people than mosquitoes 
 

• Assumes all people attract mosquitoes similarly 

Presenter
Presentation Notes
Question 8: How did our experiment with cups and syringes differ from the real world situation of host-vector disease transmission?Mosquito bites always transmit the disease both to the vector and to the host. In reality, there can be an incubation time before the disease develops or can be transmitted.  The parasites/microbes have to travel from the gut lumen to the salivary glands in order to infect a host. This can take on the order of days to weeks to happen and also depends on the load within an individual mosquito.Mosquitoes are not equally capable of transmitting a given disease.  Scientific studies have developed refractory strains of mosquitoes that do not transmit disease as readily.  Because parasites like Plasmodium (which causes malaria) have to physically disrupt the gut wall, they induce an insect immune response.  This immune response can delay or prevent development of the parasite.  Scientists still do not fully understand the process though.  This model assumed that people do not die (once infected, they continue transmitting the disease) or are not cured of disease.In this model, there were more people than mosquitoes. In reality, there are many more mosquitoes than people.This model also assumes that all people attract mosquitoes to an equal extent.  Mosquitoes are attracted to 3 things: taste (they have odorant receptors on their feet; DEET makes our skin taste bad), heat (some people are hotter than others) and carbon dioxide (people who breathe faster release more carbon dioxide).



National Institute of  
Environmental Health Sciences 

NIEHS A PEER-REVIEWED OPEN ACCESS JOURNAL  
PUBLISHED BY THE NIEHS 

Vector-Borne Diseases 

Mosquito Vector 

Bird Reservoir Host 

West 
Nile 
Virus 

West 
Nile 
Virus 

Incidental Exposure 

Incidental Exposure 

Presenter
Presentation Notes
This slide intended to summarize the lesson.
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